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The reaction of Cl atoms with iodoethane has been studied via a combination of laser flash photolysis/
resonance fluorescence (LFRF), environmental chamber/Fourier transform (FTARd quantum chemical
techniques. Above 330 K, the flash photolysis data indicate that the reaction proceeds predominantly via
hydrogen abstraction. The following Arrhenius expressions (in units franlecule® s™1) apply over the
temperature range 334134 K for reaction of Cl with CHCH,l (k4) and CRRCDal (ksP): ks? = (6.53 %

3.40)x 10 ' exp[—(428+ 206)M] andk = (2.21+ 0.44) x 10 1 exp[—(317+ 76)/T]. At room temperature

and below, the reaction proceeds both via hydrogen abstraction and via reversible formation of an iodoethane/
Cl adduct. Analysis of the LFPRF data yields a binding enthalpy (0 K) for @DD,l-Cl of 57 + 10 kJ

mol~*. Calculations using density functional theory show that the adduct is characterized-by-&CCbond

angle of 84.5; theoretical binding enthalpies of 38.2 kJ/mol,'[ELP(S)], and 59.0 kJ mol, B3LYP/ECP,

are reasonably consistent with the experimentally derived result. Product studies conducted in the environmental
chamber show that hydrogen abstraction from both-tl#4,l and —CHs groups occur to a significant extent

and also provide evidence for a reaction of thesCH,l-Cl adduct with CHCH,l, leading to CHCH.CI
formation. Complementary environmental chamber studies of the reaction of Cl atoms with 2-iodopropane,
CH3CHICHj3, are also presented. As determined by relative rate methods, the reaction proceeds with an effective
rate coefficientks, of (5.0 £ 0.6) x 10 cm® molecule! st at 298 K. Product studies indicate that this
reaction also occurs via two abstraction channels (from thgdeslips and from the-CHI— group) and via
reversible adduct formation.

Introduction with OIO likely playing a major rolé2-15 (3) the control of
HO,/OH and NQ/NO ratios in the free troposphefé® and

The oceans provide the major source of iodine-containing qgihly (4) the destruction of ozone in the lower stratosphere
organic compounds to the atmosph&rgWhile methyl iodide : : o :
org P S PNETE Yy . (following convective transport of methyl iodide to this re-
is the most abundant iodinated species present in the marine

_ o = . gion).16.17
boundary layef; 19 other iodine-containing species have also

been observed either in marine boundary layer air or in the ocean All |o.d|ne-conta|n.|ng organic compounds POSSESS strong
itself. These include multi-halogenated species (.92 CBH- absorption features in the near-UV and are thus subject to rapid

" ; ; destruction via solar photolyst&-20 Photolysis lifetimes near
ICIl) and also larger alkyl iodides including propyl and butyl .
iod)idesg,g,n,lg Th% gas-{)hase oxidation gfpthep;/e iodinatgd the Earth’s surface have been estimated to be aboGtdays

species, initiated by solar photolysis and reaction with OH and 0" methyl iodide and other simple alkyl iodides, while
Cl atoms, results in the liberation of free iodine atoms. The photolysis lifetimes for .mult|-halogenated species are consider-
inorganic iodine chemistry that ensues, which can also involve ably ghorter (e.g._, 5 min for Cht). )
members of the HQand NQ families, has been implicated in While photolysis likely represents the predominant gas-phase
(1) the destruction of ozone in the marine boundary l&yer; removal process for iodinated methanes in the atmosphere, larger
(2) the nucleation of particles in the marine boundary layer, alkyl iodides may also react with OH and ClI at a rate that is
significant compared with their photolysis. For example, rate

t Now at Department of Meteorology, University of Maryland, College  CO€fficients for reaction of OH with 1- and 2-iodopropane are

Park, MD, 20742, about 20 x 107 and 15 x 107! cm® molecule! s,
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respectively?1-22implying partial atmospheric lifetimes for these
species with respect to OH reaction of about8days. In

Orlando et al.

Cotter et aP* also report the formation of large yields of
chloroalkanes that by analogy to reaction 3 might be adduct-

addition, reactions of iodoethane and iodinated propanes andrelated.

butanes with Cl aton#24have been shown to be sufficiently

However, alkenes are possible products of the Cl atom

rapid to contribute to the atmospheric removal of these species,initiated oxidation of either iodoethane or 2-iodopropane. In a

particularly in the marine boundary layer where CI atom
concentrations are likely elevated. For example, Cotter €t al.
have reported a rate coefficient of 6710~ cm?® molecule™®

s Lfor reaction of Cl with 1-iodopropane which, when combined

recent study at NCAR2 a major product formed in the Cl atom

initiated oxidation of bromoethane was ethene, which was
postulated to originate from reaction of Cl at the methyl group
in bromoethane, followed by decomposition of the resulting

with a marine boundary layer Cl atom concentration of perhaps -bromoalkyl radical

10* or even 10 atom cn13,2526 implies that this process may
be competitive.
However, the mechanisms for reactions of Cl with alkyl

iodides appear to be complex, involving both abstraction and

adduct-forming pathway¥,;27-32 and a quantitative understand-

ing of these processes has yet to be obtained. The reaction that

has been studied in the most detail is that of Cl atoms with
methyl iodide?324.27.28.31.32fgr which both direct®2732 and
relative’® kinetic data as well as product yield d#t&é-3have

Cl + CH,CH,Br — CH,CH,Br + HCI (10)
CH,CH,Br <> CH,CH, -+ Br (11)
CH,CH,Br + 0,— O,CH,CH,Br (12)

An analogous mechanism has also been proposed for the
formation of propene in the OH-initiated oxidation of 1-bro-

been reported. Under tropospheric conditions, the reaction occurgnopropané? Since thes-iodinated alkyl radicals, formed from
both via a direct abstraction channel and via reversible adductabstraction at the methyl groups in iodoethane or 2-iodopropane,

formation

Cl + CHyl — CH,| + HCI
Cl + CHyl < CH,l-Cl

(1a)
(1b, -1b)

At 298 K and 1 atm pressure, the rate coefficient for adduct
formation (2 x 10711 cm?® molecule’! s71)27 is considerably
larger than that for the abstraction reaction(#@m?® molecule®
s71).28 However, under these conditions, adduct formation is
largely reversible K-1p = 7000 s1) and may thus have little
impact under atmospheric conditiofilsHowever, a modest
increase in the effective rate coefficiekies, with total pressure
and a positive dependence of the yield of {CHon the initial
[CH3l] provided evidence for the occurrence of other adduct
loss procességs!

CH;l-Cl — products
CHgl + CH,l-Cl — CH,CI + products

(@)
3)

The oxidation of iodoethane and 1- and 2-iodopropane by CI
atoms has been the subject of two studies by Cotter %t2al.

Cl + CH,CH,l — products 4)
Cl + CH,CH,CH,l — products (5)
Cl + CH,CHICH; — products (6)

are likely to rapidly and irreversibly eliminate an iodine atom,
for example

Cl + CH,CH,l — CH,CH,| + HClI (4b)

CH,CH,l — CH,=CH, + | (13)
the formation of ethene (propene) in the case of iodoethane (2-
iodopropane) seems likely.

In this paper, we present a thorough study of the reaction of
Cl atoms with ethyl iodide, which includes time-resolved kinetic
measurements obtained over a range of temperatures and
pressures for both £isl and GDsl, relative rate measurements
obtained over a range of pressures (at 298 K) fgt4C and a
qguantum mechanical characterization of the Cl/ethyl iodide
adduct. The combined data set shows clear evidence for the
occurrence of adduct formation at atmospherically relevant
temperatures, as well as for the occurrence of two abstraction
pathways, reactions 4a and 4b. Complementary relative-rate and
product studies of the Cl atom reaction with 2-iodopropane are
also described.

Experimental Section

1. Georgia Tech Laser Flash PhotolysisResonance Fluo-
rescence SystemTime-resolved chlorine atom kinetics in the
presence of varying amounts ofisl or C,Dsl were studied
at Georgia Tech using the laser flash photolysis (LFP)
resonance fluorescence (RF) technique. The experimental ap-

These authors report low-pressure rate coefficients for reactionsparatus was nearly identical to the one employed in previous

1, 4, 5, and 62 obtained using a fast-flow discharge system,

studies of the reactions of atomic chlorine with & CH,-

and also report end products for reactions 1, 4, and 6 in air atICI,%® and CHBr;*® a schematic diagram of the apparatus is

atmospheric pressuféEnd-product analysis clearly shows the
formation of carbonyl products (G&HO from reaction 4 and
acetone from reaction 6) that likely result from abstraction, for
example

Cl + CH,CH,| — CH,CHI + HCI (4a)

CH.CHI + 0,— CH,CHIOO @
2CH,CHIOO — 2CH,CHIO" + O, (8a)
— CH,COI + CH,CHIOH + O, (8b)

CH,CHIO" — CH,CHO + | 9)

published elsewher€.Important features of the experimental
approach and details that are specific to this study are described
below.

A jacketed Pyrex reaction cell with an internal volume of
approximately 160 cfhwas used in all experiments. The cell
was maintained at a constant temperature by circulating ethylene
glycol (for T = 334 K) or a 2:1 ethanetmethanol mixture (for
T =< 305 K) from a thermostated bath through the outer jacket.
A copper-constantan thermocouple could be injected into the
reaction zone through a vacuum seal, thus allowing measurement
of the gas temperature under the precise pressure and flow rate
conditions of the experiment. Temperature variation within the
reaction volume (i.e., the volume from which fluorescence could
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be detected) was found to be less thail K under all
experimental conditions employed in this study.

Chlorine atoms were produced by 355 nm laser flash
photolysis of C}

Cl, + hv (355 nm)— nCI(*P;,) + (2 — n)CI(Py,)  (14)
Third-harmonic radiation from a Quanta Ray Model DCR-2 Nd:
YAG laser provided the photolytic light source. The photolysis
laser could deliver up to Ix 10 photons per pulse at a
repetition rate of up to 10 Hz; the third harmonic pulse width
was~6 ns. Fluences employed in this study ranged from 10 to
150 mJ cm? pulse L. The photolysis of Glat 355 nm is known
to produce>99% ground-statéPs, atoms3”38and for reasons
discussed elsewheféjt seems safe to assume that all €l
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at a resolution of 1 cm from the coaddition of 200 scans
(acquisition time 3-4 min) and covered the range 8068900
cmL. Photolyses were carried out along the length of the
chamber, using the output of a Xe-arc lamp. For the vast
majority of the experiments, the lamp output was restricted to
the 306-400 nm range to avoid photolysis of the iodoalkanes.
A few relative rate experiments, involving methanol as the
reference compound, were conducted with a UV-enhanced lamp
(filtered to cover the range 24100 nm). In these experiments,
small corrections €5%) for photolytic loss of the iodoalkane
were applied.

Rate coefficient measurements for reactions 4 and 6 were
conducted using standard relative rate techniques, witsOCH
CH3;0H, GHsCl (2-iodopropane only), s (iodoethane only),
or CH;CHO (iodoethane only) used as the reference compounds.

iodoethane kinetic data reported in this StUdy are representativeMost measurements were made at 1 atm total pressure in either

of an equilibrium mixture of CRPs,) and CI€Py). As in earlier
studies’’-3%3%some experiments were carried out with,Ch,
a very efficient CItPy;) quenchef® 4! added to the reaction
mixture; in support of the hypothesis of spiarbit state
equilibration, this variation in experimental conditions had no
effect on the observed kinetics.

To avoid the accumulation of photochemically generated

air or N, diluent, although a few determinations were made at
20—40 Torr total pressure in NTypically, mixtures containing

Cl ((3—6) x 10 molecule cm?), iodoethane or 2-iodopropane
((2—28) x 10" molecule cm?®), and one of the reference
species ((28) x 10 molecule cm?3) were photolyzed for
multiple periods ranging in duration from 30 s to 6 min, and an
IR spectrum was recorded after each photolysis period. Decays

reactive species, all experiments were carried out under “slow of the iodoalkane and the reference species were monitored via
flow” conditions. The linear flow rate through the reactor was |R absorption spectroscopy, and relative rate coefficients were

in the range 1.55.0cm S_l, while the laser repetition was either obtained from the s|opes of p|ots of the form given by equation
5 or 10 Hz (10 Hz in most experiments). Since the direction of A

flow was perpendicular to the photolysis laser beam, no volume
;elerr:ent of trlle reaction mixture was subjected to more than a|n{ liodoalkane}/[iodoalkane} =
ew laser pulses.

Moleculgr chlorine (Gl), iodoethane, and GEl, flowed into (KiodoaikandKred(IN{ [ref]/[refl }) (A)
the reaction cell from 12 L Pyrex bulbs containing mixtures in
N2 buffer gas, while N flowed directly from its high-pressure  Where Kiodoaane @Nd ket are the rate coefficients for CI atom
storage tank; the bulb containing iodoethane was blackened toreaction with the iodoalkane and the reference species, and
prevent photolysis by room lights. The gas mixtures were [iodoalkanej, [iodoalkane] [reflo, and [ref} refer to the
premixed upstream from the reaction cell. Concentrations of concentrations of the iodoalkane and the reference compound
each component in the reaction mixture were determined from at time zero and timet. Test experiments showed that
measurements of the appropriate mass flow rates and the totaheterogeneous losses of all compounds were of negligible
pressure. In addition, the fraction of iodoethane in the 12 L (<5%) importance.
storage bulb was checked frequently by UV photometry at 254  Products formed in the Cl atom initiated oxidation of
nm using a mercury pen ray lamp as the light source. The iodoethane and 2-iodopropane were determined from multiple
absorption cross-sections needed to convert measured absoiifradiations of mixtures of GI((2—10) x 10 molecule cn?)
bances to concentrations were measured during the course ofind the iodoalkane ((3-5%6) x 104 molecule cm?3) in 1 atm

this study; in units of 10'° cn? molecule! (base e), the
absorption cross-sections were found to be 12.8 f¢isCand
13.3 for GDsl. This GHsl cross-section, believed to be accurate
to within £5%, is somewhat larger (35%) than values
suggested by two spectra reported in the literatbifé.

The gases used in this study had the following stated
minimum purities: N, 99.999%; CJ, 99.9%%3 CF,Cl,, 99.9%%
Nitrogen was used as supplied, while,@nd CFCl, were

of N2/O,. An IR spectrum was recorded following each
irradiation period, which ranged in duration from 3 to 5 min.
Concentrations of most products (e.g., 2-chloropropane, acetone,
propene, and chloroacetone from 2-iodopropane; chloroethane,
acetaldehyde, formaldehyde, ethene, acetyl chloride, peracetic
acid, CO, and C@from iodoethane) in the photolyzed mixtures
were determined via comparison with calibrated standard spectra
measured in our laboratory. Chloroacetaldehyde, GHHD,

degassed at 77 K before being used to prepare mixtures withwas quantified using IR absorption cross-sections reported by

N2. The liquid GHsl sample had a stated purity of 99%, while
the isotopic purity of GDsl was greater than 99.5%. The
samples of @Hsl and GDsl were transferred under nitrogen
atmosphere into vials fitted with high-vacuum stopcocks and

Yarwood et al*

Trace constituents (gl the iodoalkanes, the reference
compounds used in the relative rate studies) were added to the
chamber from calibrated volumes (the contents of which were

then degassed repeatedly at 77 K before being used to preparswept into the chamber withJN while O, was added directly

mixtures with N.
2. NCAR Environmental Chamber. Relative-rate and
product studies were carried out at NCAR in a 2-m-long, 47 L

to the chamber. The possible impact of iodoalkane dimeriza-
tion*” in the small (1 L) calibrated volume on the calculated
iodoalkane pressures in the environmental chamber was inves-

stainless steel environmental chamber, that has been describetigated. Calibration curves (i.e., plots of IR absorbance in the

previously334445 The chamber is interfaced to a Fourier
transform (FT)IR spectrometer (Bomem DA3.01) via a set of

chamber vs iodoalkane pressure in the calibrated volume) were
linear for calibrated volume pressures as high as 5 Torr,

Hanst-type multipass optics, which provide an observational path indicating that no measurable amount of dimer was present in
length of 32.6 m. Spectra were obtained using an MCT detector the calibrated volumes and thus that the iodoalkane patrtial
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Figure 1. Typical Cl atom temporal profiles observedTat 334 K. 14 3
Reaction: CH C,Dsl. Experimental conditionsT = 395 K; P = 50 [C,D¢l1 (10" molecules cm )

Torr; [Cl] = 4.1 x 10'2 per cn¥; [Cl]o &~ 5 x 10 per cn?; [C,Dsl] Figure 2. Plots ofk, the pseudo-first-order Cl atom decay rate, vs

in units of 102 per cn¥ = (A) 0, (B) 5.64, (C) 10.2, (D) 13.7. Solid C.Dsl concentration for data at three different temperatures. The 334
lines are obtained from least-squares analyses and give the followingK data were obtained & = 205 Torr, while the 395 and 434 K data
pseudo-first-order decay rates in units of:s(A) 39, (B) 568, (C) were obtained a® = 50 Torr. The filled squares are 395 K data points
1023, (D) 1436. For the sake of clarity, traces B, C, and D are scaled obtained with CECl, added to provide more efficient equilibration of
upward by factors of 1.8, 1.5, and 1.4, respectively. the Cl spin-orbit states. The lines are obtained from least-squares

. ) analyses; their slopes give the rate coefficients summarized in Table
pressure in the chamber could be accurately determined fromq

the ratio of the cell volume to the calibrated volume. o

Chemicals used in these experiments were obtained from thegégéi%; ;Ugrfcvfiitay I(c))fdtZtF;l;n%Faﬁang:ecug?;?e?rlodoethane
following sources: Gl (Matheson, UHP); |odoethane, 2-iodo- at Temperatures in the Range 334434 K
propane, chloroethane, acetaldehyde (all Aldriet99+%);
methanol (Mallinckrodt, HPLC grade); ethane (Matheson, C.
P. Grade); @(U. S. Welding); N, (boil-off from liquid N, U.
S. Welding). Gaseous formaldehyde was obtained by heating Cl+ CHCH,l

. : 350 50 71 0.62 4 1160 2310 19450.2

paraformaldehyde (Eastman Organic Chemicals) under vacuumsgs 59 120 07620 5 1090 2500 22.% 1.3

no. of
T2 P2 [Cl [Cllo expts® [iodoethanglax K a.? kg @€

Gases (chloroethane, ethane) were used as received, whilsgs 50 90 0.65 3 381 902 22626
liguids (iodoethane, 2-iodopropane, acetaldehyde, and methanol39%6 20 69 1.9 3 1130 2420 206120
were subjected to several freezgump-thaw cycles before use. 396 20 69 1.9 3 1120 2500 21453.5
) P Y 434 50 68 1.2 6 1170 2960 24470.7

Results and Discussion Cl+ CDsCD2l
_ _ 334 20 67 1.0 6 2270 2120 9.810.65
1. Reaction of Cl Atoms with lodoethane.A. LFP—RF 334 205 100 1.8 6 2290 2010 8.400.50
Studies at T> 334 K. All LFP—RF studies were carried out 350 50 52 0.50 6 1960 1780 8.670.70
under pseudo-first-order conditions with iodoethane in large ggg gg 2(7) 2'86 g %g’gg 91,228 g'gg'%g
excess (factors of 585000) over Cl. Hence, in the absence of 395 50 120 1.0 5 1450 1490 10405
side reactions that remove or produce chlorine atoms, the CI395 50 41 0.50 5 1370 1440 10400.5
temporal profile following the laser flash would be described 396 20 70 2.0 3 2070 2190 10#0.7
by the relationship 396 20 70 2.0 3 2070 2060 9.300.76
416 50 58 0.95 4 7710 8060 10430.2
5 1010 1140 10470.4

In{[C1/[Cl]} = (kJiodoethanel+ kgt=Kt (B) 3% 50 69 092
aUnits: T (K); P (Torr); concentrations (20 molecules cm?); k

wherek;s is the rate coefficient for the reaction (s); k(10712 cm® molecule™ s%). ® Expt. = measurement of one
pseudo-first-order decay rateUncertainties are @ and represent
Cl — first-order loss by diffusion from the detector field precision only.2 0.5 Torr CRCl, added to the reaction mixture to speed

of view and/or reaction with background impurities. (15) UP equilibration of the atomic chlorine spiorbit states.

The bimolecular rate coefficients of interes(P, T), are Table 1. At 334 Kk,P is found to be independent of pressure
determined from the slopes &f versus [iodoethane] plots for ~ over the range 26205 Torr, while at 395396 K, bothk,"
data obtained at constaftandP. Observance of Cl temporal  andks® are essentially independent of pressure over the range
profiles that are exponential (i.e., obey eq B), a linear depen- 20—50 Torr. Arrhenius plots for the reactions of Cl withHG|
dence ofk’ on [iodoethane] and invariance kifto variation in and GDsl are shown in Figure 3. The solid lines in Figure 3
laser photon fluence and photolyte f3toncentration, strongly ~ are obtained from linear least-squares analyses of tlkg i3
suggest that reactions 4 and 15 are, indeed, the only processe$ ! data that give the following Arrhenius expressions
that significantly affect the Cl time history.

For all experiments carried out at temperatures of 334 K and k, = (6.53+ 3.40)x 10 *
above, well-behaved pseudo-first-order kinetics were observed, 1
that is, Cl atom tempopral profiles were well-described by eq B, exp[—(428: 206)T] cm’ molecule s (C)
and observedk values increased linearly with increasing D_ 11
[iodoethane] but were independent of laser photon fluence andk4 =(2.21£0.44)x 10
photolyte concentration. Typical data are shown in Figures 1 exp[—(317+ 76)/T] cm® molecule*s™* (D)
and 2, while measured bimolecular rate coefficieki€l), for
both GHsl (ki) and GDsl (kL) reactants, are summarized in  Uncertainties in the above Arrhenius expressions arerad
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T ‘ ' Assuming that @Dsl-Cl decomposition is the source of

] regenerated Cl atoms, the relevant kinetic scheme controlling
C,H,l the CI temporal profile includes reactions 4a, 4b, 4dc, 15,
2 1 and 16.

-1

=
lecule s )

C,D¢|-Cl — first-order loss by processes
c.ou that do not regenerate Cl atoms (16)

3

cm mo

k(
=
1

] Assuming that all processes affecting the temporal evolution

7t J of Cl and GDsl-Cl are first-order or pseudo-first-order, the rate

24 26 28 30 equations for the above reaction scheme can be solved analyti-
1000/T (K) cally

Figure 3. Arrhenius plots for the reactions of Cl witheBsl and GDsl

ath > 334 K. The popen circles, filled squares,r:% opeg2 sauares S/S=[(Q + ay) exp@t) — (Q + a,) exp@)l/(a; — a,)

represent data obtained at pressures of 20, 50, and 205 Torr, (B)

respectively.

whereS§ and S are the resonance fluorescence signal levels at

refer to the precision of the Arrhenius parameters. As sum- timest and 0, and
marized in Table 1, the ® precision of individual rate

icients is typi inties in | Q=k > +k F)
coefficients is typically about 5%. Uncertainties in iodoethane —4c 16
concentrations represent the dominant source of systematic error o
in the rate coefficient determinations. Complications from Q+ kst k, [C.Dsl] = —(a;, + &) (G)

impurity reactions and secondary reactions, which are discussed
in a Iater_ section, are tho_ught to be a very minor source of Qfk;s+ (k4aD + k4bD)[C2D5I]} + k16k4CD[C2D5I] =a,a,
systematic error. We estimate the absolute accuracy of the (H)
reported rate coefficients to he25% independent of temper-
ature; this uncertainty will be reduced substantially when In eq G,ke® = ka® + kap® + kacP.
differences in reported iodoethane UV absorption cross-sections Observed Cl atom temporal profiles were fit to the double
are resolved. The significant observed kinetic isotope effect exponential eq E to obtain values faf, a;, Q, andS. The
(more than a factor of 2 at all temperatures in the range-334 background Cl loss rate in the absence eDgl (i.e., kis) was
434 K) suggests that the dominant reaction mechanism isdirectly measured at each temperature and pressure, and rate
hydrogen abstraction (i.e., for the temperatures and iodoethanecoefficients for hydrogen abstraction (i.&a> + kapP) were
concentrations employed to obtain the data summarized in Tableobtained by extrapolation of the high-temperature data using
1, kg & Kga + Kap). The NCAR product studies that are reported eq D. Rearrangement of the above equations shows that the
in a later section provide strong support for the hydrogen rate coefficientsu®, k-4, andkse can be obtained from the
abstraction mechanism and also provide estimates of the relativefit parameters and the experimental valueskgrand ksl +
importance of the two hydrogen abstraction channels (i.e., ka® as follows
abstraction of amx- or s-hydrogen). 5 5 5

B. LFP—RF Studies at 256 K= T < 305 K. Over the  Kic = ~{Q+ kis + (Kyy” + Ky )[CoD:l] + 8, + a}/
temperature range 2505 K, initial chlorine atom decay rates [C,Ddl] (1)
were considerably faster than expected on the basis of extrapo-
lation of the high-temperature results (see above), and chlorine|, — _ D D D
atom regeneration via a secondary reaction became evident.k16 {aa, = Qkys + (Kia™ + kap )ICD5I]) }(Kye [C2D5|(]j)
Under these experimental conditions, observed Cl atom temporal
profiles were independent of laser fluence and][Gut varied k,P=0—k K)
as a function of [iodoethane], pressure, and temperature in the —4c 16
manner expected if formation and unimolecular decomposition
of an iqdoethaneCI. adduct was the source of both enhanced experiments al = 256-305 K are shown in Figure 4 along
reactivity at early times after the laser flash and regenerated, it the pest fits of each temporal profile to eq E; the results
chlorine atoms. Reported below is a data set that was obtainedg,, g experiments in this temperature range are summarized

with the goal of quantifying the kinetics of adduct formation i, Taple 2. Inspection of Table 2 shows that the derived values
and dissociation and, therefore, obtaining information about ¢, |, b and k_, P vary in a sensible way as a function of

adduct thermochemistry. Addition of Cl to the iodine atom is e mperature and pressure, that is, both rate coefficients increase
expected to occur with the same rate coefficient fa£l and with increasing pressurek_sP increases dramatically with
C.Dsl, and differences in the equilibrium constants for adduct increasing temperature, akgl® decreases slightly with increas-
formation/dissociation between the deuterated and undeuterateqing| temperature. Comparison of rate coefficients derived from
reactants can be readily evaluated using statistical thermo-iinie measurements at a particular temperature and pressure
dynamics. However, the slower D-abstraction rate coefficient ¢p,q\vs that the precision of derived values is excellenkid,
for C2p5l is a significant .advantage for obtaining quantitative pt not as good fok 4. We estimate that the accuracy of
experimental determinations &fc andk—sc. derived rate coefficients i&25% forks2(P, T) and=+35% for

k_4P(P, T) over the full range of temperature and pressure

Cl+ CDgl + N, <> C,Dgl:Cl+ N, (4c,—4c) spanned by the results in Table 2.
C. Secondary Chemistry Complications in the LFHRF

Hence, the results described below were all obtained usidggC ~ StudiesThe photochemical system used in the EFF studies
as the iodoethane reactant. of reaction 4 is believed to be relatively free of complications

Typical chlorine atom temporal profiles observed in the
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TABLE 2: Results of the Cl + C,Dsl + N, < C,Dsl-Cl + N, Equilibration Kinetics Experiments 2

T P [Cl3] [Clo [C2Dsl] Q —a —a kis kie K-adP KkaP Kp

256 260 126 2.1 232 431 94.1 2970 38 81 350 105 861
256 260 70 1.2 150 347 62.9 1900 38 49 298 98.8 951
256 260 83 1.4 71.5 322 58.1 1050 38 49 273 98.8 1040
256 260 69 1.1 22.2 273 45.1 489 38 37 235 94.6 1150
268 270 83 1.5 475 794 56.8 5170 80 -6 800 84.8 291

268 270 86 1.5 320 944 113 3800 80 52 941 82.1 239
268 270 83 1.5 240 886 96.4 3110 80 41 844 86.9 283
268 270 85 1.5 131 913 109 2080 80 67 847 85.1 276
276 280 76 1.5 2270 1930 149 23800 80 16 1910 89.6 124
276 280 77 1.6 1920 2360 303 21000 80 172 2190 91.4 111
276 280 82 1.4 946 1750 86.5 10300 80 —52 1800 83.5 123
276 280 82 1.4 308 1950 141 4880 80 40 1910 90.2 126
285 80 53 0.8 1840 2960 274 14300 106 —34 3000 55.3 47.5
285 80 52 0.8 830 2670 216 7790 106 —45 2720 55.8 52.9
285 80 53 0.8 411 2850 209 5350 106 —15 2870 55.9 50.2
286 287 80 1.4 2310 4960 415 25600 106 91 4870 834 44.0
286 287 79 1.5 1290 4720 327 15800 106 21 4700 80.0 43.7
286 287 77 1.3 542 4870 249 9550 106 —15 4890 81.6 42.8
298 300 59 1.4 2880 11900 825 34700 57 90 11800 74.3 15.5
298 300 55 1.5 2250 10400 667 28000 57 12 10400 73.1 17.3
298 300 56 1.4 1530 10800 613 22100 57 38 10800 70.2 16.1
298 300 59 1.4 547 10900 367 14900 57 84 10800 71.9 16.4
305 50 68 0.9 2590 11400 1010 22900 50 —42 11500 40.2 8.44
305 50 62 0.9 2100 11100 952 19600 50 -6 11100 37.1 8.03
305 300 105 1.4 3840 32100 1300 74200 50 —31 32200 105 7.84
305 300 106 1.2 2640 36900 1190 69200 50 147 36800 119 7.77

aUnits: T (K); P (Torr); concentrations (£ per cn¥); Q, ay, az, kis, ki, K-a® (57Y); kac (10712 cm® molecule? s7%); Kp (10* atnml). 0.5 Torr
CF.Cl, added to speed up equilibration of the atomic chlorine spiit states.

HL L CHal, CH.CI, and CHCHCI with Cl, in units of 103 cm?
40001 4 il molecule’t s71, are reported to be 11.5 ex{96/T),*8 15.1 exp-
1 (—493IT),*8 and 43.7 at 298 K9 respectively. On the basis of
the above literature values, it seems likely tkatis less than
1 x 10711 cm?® molecule’! s1 over the entire temperature and
pressure regime of this study. To examine the magnitude of
possible kinetic interference from reaction 17, we have carried
out numerical simulations of the reaction kinetics, assuming a
Cl, concentration of 1.2 10 molecules cm? (i.e., the highest
concentration employed in any of the experiments summarized
- in Table 1). On the basis of product studies that are discussed
0.0 0.5 1.0 15 2.0 in a later section, the G#&€HI and C3CDI yields from the CI
Time (ms) + iodoethane reaction assumed in the simulations were 0.67.
Figure 4. Typical Cl atom temporal profiles observed at 256<KT The simulations indicate that the occurrence of reaction 17 with
= 3%5 K.lgzperim%nt[%l: |f0ndi1ti2ng1;127eer é(r?;[(:: ZDSI? ;OJLH[S(%]]C a rate coefficient of x 1021 cm® molecule’ s~ would result
=8.0x er cn¥; [Cllo~ 1.4 x » [C2Dsl S . .
105 per onf p (A) 3,08, (8) 9.46, (C) 2%_7. ol finos are ohtained 1N Slightly nonexponential decays which, if fit to an exponential
from nonlinear least-squares fits to eq E. Best fit parameters in units fgnctlon over three e-folding t'm_e_s' would lead to underestima-
of s Q= (A) 1950, (B) 1750, (C) 1930:-a; = (A) 141, (B) 86.5, tion of the Cl+ C;Hsl rate coefficient by about 5%. We have
(C) 149; —a, = (A) 4880, (B) 10 300, (C) 23 800. carefully examined the data with the highest @ncentrations
(i.e., the experiments at= 395 K andP = 50 Torr with CF-
from unwanted side reactions. Radical concentrations were keptc|, added (see Table 1)), and we find no evidence for
low enough, (0.52.1) x 10" molecule cm?, that consumption  nonexponential decays; essentially identical decay rates are
of Cl or G,Dsl-Cl via radicat-radical reactions can be ruled  gptained if the data are analyzed over 1, 2, or 3 e-folding times.
out. Furthermore, the reactions of Cl with iodoethane are fast \yje conclude that the high-temperature LARF kinetic data
enough that minor impurities in the iodoethane samples could are unaffected by interference from Cl regeneration via reaction
not compete effectively for Cl atoms. To avoid generation of 17 As confirmed by simulations, the observed kinetics of the
high radical concentrations via iodoethane photolysis, Cl atoms approach to equilibrium between Cl angDgl-Cl are also
were generated by photodissociation of, @Gt 355 nm, a  ynaffected by the occurrence of reaction 17, because Cl
wavelength where the iodoethane absorption cross-section isregeneration by this reaction is much slower than Cl regeneration
negligible @3ss = 3 x 10-% cn? molecule’).1° Use of Ch as via adduct decomposition under all experimental conditions
the photolyte does, however, result in the possibility that CI' empjoyed.
can be regenerated via the following secondary reaction (and p_ c,Dsl-Cl ThermochemistryThe equilibrium constantg)
the analogous reaction involving GODI) given in Table 2 are computed from the relationship

CH.CHI + Cl, — CH,CHICI + Cl (17)

3000

2000

Signal {counts)

1000

(=]

Kp = ko /(K_4’RT) = KJ/RT (L)
To our knowledge, no kinetic data for reaction 17 are reported
in the literature. However, rate coefficients for the reactions of A plot of In Kpvs 1T (i.e., a van't Hoff plot) is shown in Figure
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Figure 5. van't Hoff plot for the reaction CH C,;Dsl <> C,Dsl-Cl.
The solid line is obtained from a least-squares analysis and gives the

second law thermochemical parameters for the reaction (see text and_. . .
Table 4). The dashed line is based on the third law analysis. Figure 6. Structures for @Hsl and GHsl-Cl derived from electronic
structure calculations at the B3LYP/ECP level.

5. The enthalpy and entropy changes associated with reactionrag| £ 3: summary of Parameters Used in Calculations of
4c are obtained from the slope and intercept of the van't Hoff Absolute Entropies and Heat Capacity Corrections

plot (solid line in Figure 5) via the relationship

Cl CoDsl C2Dsl-Cl
In Kp = (ASR) — (AH/RT) (M) go g 1 2
1
Ae (cm™Y)a 882.36
At 278 K, the midpoint of the experimental TLkange, this rotational 0.6456 0.1117
“second law analysis” gives the resuli$i = —63.4+ 2.4 kJ constants (cm) 0.08062 0.04762
mol~t and AS = —113.5+ 8.5 J KX mol%; the reported \amu ) 0.07575 g£3426
L o ,
uncertainties are®and represent the precision of theKp vs v (cm) 183, 226, 444, 2% 61,164,
1/T data only. , . 554,727,745, 183, 226, 434,
In addition to the second law analysis described above, we 903, 979, 984, 559, 732, 746,
have also carried out a third law analysis, where the experimental 1067, 1071, 1088, 900, 976, 980,
value of Kp at 278 K, (9.6+ 2.0) x 10° atmr%, has been 1167, 2172, 2254, 1067, 1069, 1088,
employed in conjunction with a calculated entropy change to 2282, 2309, 2354 %%i %1(5) gggg*
determineAH. ' '
Since experimental data concerning the structure £fsC a Ae = energy splitting betwgen the two lowest electrqnic states.
Cl are not available, electronic structure calculations have beenOnly Cl has an excited electronic state that is low enough in energy to
carried out for this species and also foDgl. All calculations contribute to the entropy.Estimated moment of inertia for the internal

. ; 0 . - rotation of GDs about ICI® ¢ This is the frequency for the internal
were made withGaussian 03° Optimized geometries were rotation of GDs about ICI; this motion was treated as a free rotation

determined using density functional theory (DFfTyvith the (see text).
B3LYP exchange/correlation functional. A 6-3tG(d,p) basis

set was used for carbon and hydrogen, while an effective core 50 igentify a cis isomer of the adduct, 3.8 kJ mdiigher in
potentiab? (ECP) was used for the core electrons of iodine in energy, possessing an imaginary frequency. It is possible that

conjunction with an uncontracted 5s5pld basis set for the s cis structure is the transition state to pathway 4b, abstraction
valence orbitals. This level of theory is denoted B3LYP/ECP. ¢ 4 hydrogen from the methyl group in iodoethane.

Recently, the G2 and G2(MP2* levels of theory have been To carr t the third | vsis. the absolut N f
extended to include iodirt®.Both levels of theory approximate | ¢ you ? Ird faw analysis, the a S]? ute ﬁn ropy o
results from the QCISD(T)/6-3HG(3df,2p) level with zero- Clas a6 un(_:tlon of temperature was obtained from the JANAF
point and higher-level corrections. The computational method tables?® while the apsolute entropies forl;| and CZ.D5|'0|

were calculated using the results of the electronic structure

includes all-electron calculations (AE) for all atoms except . . o
iodine where an effective core potential (ECR{SStuttgart)) calculations described above. The assumed vibrational frequen-
,Cies and moments of inertia are given in Table 3. The lowest-

was used. In the G2 computational scheme for iodine, a 11111
11111/1 contraction is used for the valence orbitals in place of frequency normal mode forDsl-Cl (frequency= 22 cnr?)
the 6-311-G(d,p) basis set, and a 11111/11111/111/1 contrac- S the internal rotation of the ethyl group around ICI. Some
tion is used in place of the 6-3315(3df,2p) basis set. The mean @dditional calculations, carried out to assess the magnitude of
absolute deviations from experiment at the G2[ECP(S)] level the mternal rotation barriers, suggest that the barriers for. methyl
for iodine-containing molecules of ionization energies, electron rotations are large enough-12 kJ mot™) that these torsions
affinities, and atomization energies is only 10 kJ mol should be treated as vibrations in the entropy calculations.
In this study, we have followed the G2[ECP(S)] prescription However, the barrier for rotation of 2Ds around ICI is
with the exception that we use B3LYP/ECP geometries and calculated to be only 0.5 kJ midt hence, the 22 cmt normal
corresponding vibrational frequencies (with no scaling factor) mode “vibration” was treated as a free rotation in the entropy
rather than the MP2/ECP geometry and HF/ECP frequenciescalculations. At 278 K, the third law analysis gives the results
(with 0.893 scaling factor). A spirorbit correction to the =~ AH = —53.2+ 4.0 kJ mof* andAS= —77.0+ 8.0 J K*
binding enthalpy is made for the chlorine atom (3.5 kJ ™Hol mol~%; the uncertainties we report reflect an estimate of our
We use the notation GECP(S)] to denote these differences. imperfect knowledge of the input data needed to calculate
The B3LYP/ECP geometries are compared in Figure 6 folCH absolute entropies (the low-frequency vibrations eDE-Cl
CHsz and CHCH.CHs. This adduct structure is essentially are most significant) as well as the estimated uncertainty in the
identical to that recently reported by Enami et%alhese authors  experimental value fdkp (278 K). Treating the 22 cnt adduct
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TABLE 4: Thermochemical Parameters for the Reaction ClI
+ C2D5| - CzD5| -Cl

T (K) method —AH (kJ mol?)a —AS(J Kt mol )2
298 2nd law 63.4- 4.0 114+ 15
3rd law 53.3+£ 4.0 77+ 8
278 2nd law 63.4- 4.0 114+ 15
3rd law 53.3+£ 4.0 77+ 8
0 2nd law 62.2+ 4.5 0.0
3rd law 52.0+ 4.5 0.0

@ Uncertainties are accuracy estimates at the 95% confidence level.

mode as a vibration would, for example, change the calculated
entropy change from-77.0 to—88.2 J K1 mol™2.

The thermochemical results obtained in this study are
summarized in Table 4. Appropriate heat capacity corrections
have been employed to obtalxH values at 298 and 0 K. As
can be seen from Table 4, the agreement between the secon
and third law results is far from perfect. The dashed line in
Figure 5 is a plot of IrKp vs T-* that is based on the third law
analysis. It can be seen that a relatively small temperature-
dependent systematic error in the measured equilibrium con-
stants could potentially account for the difference between the
solid and dashed lines in Figure 5. While the source, or even
the existence, of such a systematic error cannot be identified
with any degree of certainty, it is worth noting that extraction
of equilibrium constants from the experimental data required
estimation of the fraction of Cl loss attributable to hydrogen
transfer. Extrapolation of the high-temperature data assuming
Arrhenius behavior was employed to evaluate the H-transfer
rate coefficient. The accuracy of this procedure is somewhat

questionable, particularly since the product studies discussed

below indicate that two different H-transfer pathways, which
may have different activation energies, are important. It should
be noted, however, that the extrapolated 298 K valuekfgt

+ kg agrees quantitatively with the 298 K value fky in
1.5-5.0 Torr He reported by Cotter et &l

Since uncertainties in the second and third law values for
AH are similar, it seems appropriate to report averages of the
second and third law values, while adjusting reported uncertain-
ties to encompass thesZrror limits of both determinations.
Using this approach, we report the followigH values for
the Cl+ C,Dsl association reaction:-58 4= 9 kJ mol ! at 298
K and —57 4 10 kJ moft at 0 K.

The theoretical binding enthalpy (0 K) of ®CH,CHs is
found to be 38.2 and 59.0 kJ mélby G2[ECP(S)] and B3LYP/
ECP, respectively. The B3LYP/ECP value compares well with
that of Enami et al*2 61.7 kJ motl?, using a similar level of
theory. Our ClICH,CHjs values are slightly smaller than the
binding enthalpies computed for 6CH3, 40.0 and 59.3 kJ
mol~2, using similar levels of theory. On the other hand, the
experimental binding enthalpy of 5% 10 kJ mof?! (for
Cl-ICD2CDy) is slightly larger than the experimental -@@H3
binding enthalpy of 52 3 kJ mol1,27 although the experi-
mental results are equal within the reported uncertainties. It is
known that DFT has a particular problem with-28e bonds,
particularly with unsymmetrical 2€3e bonds, because spin is
excessively delocalized.Lower-level wave function methods
such as MP2 can also fail to correctly describe-3e bonding

because of excessive spin localization. On the basis of experi-

ence with similar systen?;3> we expected the true binding
enthalpy to be bracketed between the @2d DFT values. In
this case, however, the experimental value is very close to the
DFT result.

E. Relatve Rate DeterminationsThe rate coefficient for
reaction of Cl atoms with iodoethanks, was determined at

Orlando et al.

0.7

n { [CH,CH,l], / [CH,CH,], }

-
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Figure 7. Relative rates of decay of GBH,l vs C;Hs (solid triangles,
720 Torr air), vs CHCHO (open circles, 30 Torr §), vs CH;OH (open
triangles, 720 Torr air), and vs GB (solid circles, 720 Torr B in
the presence of Cl atoms.

In { [Reference], / [Reference], }

298 K in the NCAR environmental chamber using the relative
rate technique, with formaldehyde, ethane, acetaldehyde, and
methanol employed as reference compounds

Cl + CH,CH,l — products (4)
Cl + CH,O— HCO + HCI (18)
Cl + CH;OH— CH,0H + HCI (19)
Cl + CH;CHO— CH,CO + HCI (20)
Cl 4+ CH,CH; — CH,CH, + HCI (21)

Data for CHO and CHCHO were obtained in Ndiluent only

(30 and 720 Torr total pressure), since these two compounds
are products of iodoethane oxidation in air. Studies using ethane
as the reference were conducted in 720 Torr air, while methanol
data were obtained in both,Nand air diluent (720 Torr total
pressure in both cases). In all cases, multiple runs were carried
out with the [CHCH,l]/[reference] ratio varied by at least a
factor of 2. In some cases (with GB as reference, 720 Torr
N; with methanol as reference, 720 Torr air; and with ethane
as reference, 720 Torr air), the [@EH,l], as well as the
[CH3CH,l]/[reference] ratio, was varied by a factor of at least
8. No variation of the rate coefficient for reaction 4 was observed
in any case.

Representative data are displayed in Figure 7, and all relative
rate coefficients that were obtained are summarized in Table 5.
Data obtained with formaldehyde, acetaldehyde, and ethane as
the reference compounds in either air grdiluent, and at total
pressures of either 30 or 720 Torr, all provide consistent values
for k4, which fall in the range (2:32.7) x 10~ cm? molecule™?

s 1. Data obtained in air with methanol as the reference
compound also providedla value consistent with these data,
ke = 2.2 x 10711 cnm?® molecule® s~1. However, inconsistent
results were obtained in Nusing methanol as the reference.
Initial experiments, using the longer-wavelength photolysis
lamp/filter combination (308400 nm) yieldedk, = 1.8 x 10711

cm® molecule® s71, while later experiments with the UV-
enhanced photolysis lamp yielded a higher value of2 B0~ 11

cm® molecule! s71. This methanol-related discrepancy was far
more severe in the measurements of the Cl atom reaction with
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TABLE 5: Summary of Relative Rate Coefficient (k5) Determinations for Reaction of Cl Atom with lodoethane?

rate coefficient reference reaction measured value
reference buffer gas ratio rate coefficierft®:6 for ky
compound (pressure) Ka/Kret (102 cm*moleculet s71) (102 cm*molecule* s™1)
formaldehyde Y] 0.32 73 23
(720 Torr)
formaldehyde Y] 0.36 73 26
(30 Torr)
methanol Air 0.40 55 22
(720 Torr)
ethane Air 0.43 57 25
(720 Torr)
acetaldehyde N 0.34 79 27
(720 Torr)
acetaldehyde N 0.34 79 27
(30 Torr)

a For formaldehyde and methanol, uncertainties in measured rate coefficient ratta6%renhile uncertainties in values fé are+10%. For
acetaldehyde and ethane, uncertainties0% and+15% apply for the ratios ankl, values, respectively.

TABLE 6: Product Yields (in %) from Oxidation of lodoethane 2

initial
[iodoethane] CHCHOP CH3;CHC? CHsCHO? ethené ethené ethené 2-chloroethane suim
3.5x 10% 43 21 24 21 21 33 8 76
6.9 x 10 39 23 26 23 25 30 16 81
14 x 10 35 21 22 21 24 27 21 80
28 x 104 29 18 20 19 22 26 29 80
56 x 104 28 15 20 20 23 25 40 91

2 Absolute uncertainties in product yields ar¢4—6)%. ® (1a) Lower limit from sum of acetaldehyde, acetyl chloride,,OHCO, and peracetic
acid yields.c (2) From initial slope of [product] va[iodoethane] plots? (3) From fits of product yield data to eq N or Nsee text for details(1b)
Lower limit from sum of ethene and chloroacetaldehyde yi€l@) Sum of column 1, the average of columns 4, 5, and 6, and column 7.

2-iodopropaneks, discussed below. Reasons for this discrepancy 50) x 104 molecule cni3, and iodoethane were photolyzed in
are not resolved at this time, but may involve a loss of methanol the NCAR environmental chamber in the presence of #20
via reaction (gas-phase or at the reactor surfaces) with impurities20 Torr synthetic air. The initial iodoethane concentration, {CH
present in the chamber at the time of the early experiments. CH,l]o, was varied over a wide range, (3:21) x 10 molecule
Thus, in reporting a final value foks, we ignore the value  cm3. In all cases, products observed following photolysis were
obtained using methanol inMliluent and average the data in  chloroethane, acetaldehyde, ethene, peracetic acid, chloro-
Table 5, which yield&, = (2.54 0.4) x 101 cm® molecule™? acetaldehyde, C£ acetyl chloride, formaldehyde, and CO.
s Product concentrations versus iodoethane consumption (for
The value fork, obtained via the relative rate technique is [CH3CHal]p = 14 x 10" molecule cm3) are presented in Figure
significantly higher than that obtained by extrapolation of the 8a,b. On a per-carbon basis, the identified products accounted
high-temperature flash photolysis data to 298Kk abstraction= on average for 8& 12% of the reacted iodoethane. The major
1.6 x 10 cm?® molecule! s71, see section 1.A above), orthe primary products are found to be acetaldehyde, ethene, and
value reported by Cotter et &in their low-pressure discharge-  chloroethane; yield data for these three products, obtained over
flow study, alsoks = 1.6 x 10711 cm® molecule® s%. The a range of [iodoethang]are summarized in Table 6 and are
most likely explanation for these observations is that in the discussed in detail below. The downward curvature observed
higher-concentration environment present for the relative rate in the yield plots for acetaldehyde and ethene indicates that these
determinations, loss of iodoethane is occurring not only via species are being consumed over the course of a run, a fact
abstraction but also via formation and subsequeatersible that is consistent with their rapid reaction with Cl atoms. Note
loss of the adduct in the chamiF&mepresented by reaction 22  that the reactions of Cl with ethene and acetaldehyde are about
4 and 3 times fasté® respectively, than the reaction of Cl with

Cl + CHyCH,l <> CH;CH,l-Cl (4c) iodoethane. Upward curvature in the yield plots for peracetic
acid, chloroacetaldehyde, and giddicates that these species
CH;CH,I-Cl — products (22) arise from secondary sources. The small amounts of formalde-

hyde, acetyl chloride, and CO (not shown in Figure 8, but similar
To quantitatively explain the observations, irreversible loss of in magnitude to CHO) that are observed also likely arise from
iodoethane via adduct formation must contribute about 9 secondary chemistry, as is discussed in more detail below.
102 cm® molecule! s™* to the observed rate coefficient, or Three channels are expected to be operative in the reaction

about 10% of the value of the rate coefficient for adduct of CI atoms with iodoethane, two abstraction channels and an
formation measured in the flash photolysis experiments. With adduct-forming channel

adduct decomposition determined to be aboutst® at 298 K
in the flash photolysis experiments, irreversible adduct loss must Cl + CH,CH,l — CH,CHI + HCI (4a)
then occur with a first-order rate coefficient of roughly? 501 .
Further discussion of the chemistry of the §HH,I-Cl adduct Cl+ CHCH,l — CH,CH,l + HC (4b)
is presented in the following two sections. Cl + CH,CH,l <= CH,CH,I-CI (4c)

F. lodoethane Product§.o determine the products of the ClI
atom initiated oxidation of iodoethane, mixtures of,GR5— Note that in the chamber system, these abstraction channels may,
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Figure 8. (a) Products observed in the Cl atom initiated oxidation of iodoethane, fosqE]o = 14 x 10 molecule cm?®in 720 Torr air
diluent: chloroethane, solid circles and solid line; ethene, solid triangles and dashed line; acetaldehyde, open triangles and solig, oyree; CO

circles and dashdot curve; formaldehyde, solid squares and solid line.

(b) Products observed in the ClI atom initiated oxidation of iodoethane, for

[CH3CHal]o = 14 x 10 molecule cm?® in 720 Torr air diluent: peracetic acid, solid circles and solid curve (upper); chloroacetaldehyde, open
circles and dashed curve; acetyl chloride, solid squares and solid curve (lower).

at least in part, involve the participation of the adduct, for
example

Cl + CH,CH,l — CH,CH,|-Cl — CH,CHI + HCI (4a)

As first described by Cotter et &.and by analogy to the
widely accepted chemistry of other alkyl radicals, pathway 4a
is expected to lead to acetaldehyde, via the formation of
1-iodoethylperoxy radicals, reactions 9. Acetyl iodide, CH-
COl, might also be generated via self-reaction of the 1-iodo-
ethylperoxy radicals or via their reaction with other peroxy
radicals present in the system.

CH,CHI + 0,— CH,CHIOO' @
2CH,CHIOO" — 2CH,CHIO" + O, (8a)
— CH,COI + CH,CHIOH + O, (8b)

CH,CHIO" — CH,CHO + | )

However, during the course of this work, Enami et'aeported

on the observation of IO from the reaction of @Htadicals

with Op, opening up the possibility of an alternative route to

acetaldehyde production in the oxidation of 1-iodoethyl radicals

CH,CHI + O,— CH,CHO + I1O* (23)

Regardless of the actual mechanism for acetaldehyde produc-

tion, its subsequent oxidation would likely lead to the formation

of trace amounts of acetyl chloride via reaction 25, as well as

CO,, CH,O, CO, acetic acid, peracetic acid, and {CH from

the well-establishéd%2.63chemistry of the peroxyacetyl radical

product of reaction 26

Cl + CH,CHO — CH,CO + HCl (24)
CH,CO+ Cl,— CH,COCI+ ClI (25)
CH,CO+ 0,+ M —CH,C(0)0,+M  (26)

Despite this rapid secondary chemistry, a variety of independent
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sion, [CHCH,l]o = 14 x 10* molecule cm?, 720 Torr air diluent:
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An estimate of the acetaldehyde yield can also be made from
a consideration of the chemistry that can occur following
reaction 2495263The oxidation of acetaldehyde can result in
the formation of the following carbon-containing end prod-
ucts: CHCOCI, peracetic acid, acetic acid, and £4th either
CH;0, CH;OH, CH;00H, or CO as a coproduct. Because other
sources exist for C@(e.g., from the oxidation of chloroacetal-
dehyde, itself a byproduct of ethene) and becausgdEHlacetic
acid, and CHOOH were not observed, it was thought that plots
of the sum of the CECHO, CHCOCI, peracetic acid, Ci®,
and CO concentrations against the loss of3CH,l could
provide another means for estimating the {CHO yield.
Technically, this should yield a lower limit to the actual yield,
since CHOH, CH;OOH, and acetic acid may have been present,
but at levels below the detection limit. GEHO vyields obtained
from this summation procedure, as summarized in Table 6, range
from 0.28 to 0.43 with a clear anti-correlation with [@EH,l] .

Interestingly, acetaldehyde yields obtained from this analysis
of the products generated via secondary chemistry-438%6)

ethene, solid circles and upper line; acetaldehyde, open circles and lowelzre higher than those derived from an analysis of the acetalde-

line.

means are available with which to assess the initiafCHO

hyde concentration data alone (about 20%). Thus, box-model
simulations of the iodoethane oxidation process were run using
the Acuchem software packd§eto explore this apparent

yield, and hence to estimate the branching into reaction 4a. Onediscrepancy (i.e., to examine consistency between the measured

method is from the examination of the initial slopes of plots of
A[CH3CHO] vs —A[CH3CHGl] (i.e., from a determination of
the linear term in quadratic fits to the data). Acetaldehyde yields
estimated in this manner over a range of fCHil], are shown
in Table 6 and vary from 15% to 23% with a slight decreasing
trend in the yield with increasing [G€H:l]o.

Another method of obtaining the initial GBHO yield is
from an analysis of the kinetic mechanism (reactions 4&9 7
or 23, and 24), which yields the following expression for the
CH3CHO temporal profilé

_ e
fCH3CHO B YCH3CHO.(1 - fCH3CHz')'[(1 o fCchHZI)( 2dka=l)

1L — kydky) (N)

Here,fch,cHo refers to the concentration of GEHO, normal-
ized to [CHCHGal]o, Y is the fractional yield of CRCHO per
iodoethane oxidized, anfdn,cHy iS the fraction of the initial
iodoethane that has been oxidiZéd’hus, values for the CH
CHO yield (Y) could be obtained from least-squares fits of eq
N to plots offch,cHo VS ferachy data. Fitting was done first on
the individual data sets obtained at each [iodoethgara] then
on the entire data set. The rate coefficient r&tigk, was fixed

at a value of 3.0, derived from a combination of the relative
rate determination df; described above and the literature value
for kp4,°° and only the value of was treated as a fit parameter.

and modeled product concentration data). Accurate modeling
was difficult because of the occurrence of self- and cross-
reactions involving the various peroxy radicals likely formed
(CH3CHIO,, CICH,CH,0,, CH3COO,, CH30,, HOy, etc.), for
which rate coefficient and product branching ratio information
is limited. However, when estimates were made for the rates of
these processes using the observations to constrain the model
to the best extent possible, it was apparent that measured
peracetic acid levels were much higher (about an order of
magnitude) than could be explained by the model. Thus, it is
concluded that there is a peracetic acid source other than the
only modeled source, the reaction of g3{0)0, with HO,>°/63

CH,C(0)Q, + HO, — CH,C(0)OOH+ O, (27a)
CH,C(0)O, + HO, — CH,C(O)OH+ O,  (27b)
CH,C(0)Q, + HO, —~ CH,C(0)O+ OH+ 0,  (27c)

Additional evidence for another peracetic acid source comes
from the fact that no acetic acid is observed in the product
spectra, even though it would be easily detectible at the levels
expected if reaction 27 was the major source of the observed
peracetic acid. An intriguing possibility for the missing source
of peracetic acid is via acetyl iodide, GEIOI, possibly formed

via reaction 8b or via analogous pathways in the reactions of

Data obtained from these fits are summarized in Table 6, and CH;CHIO; (if formed) with other peroxy radicals. Box-model

the fit to the data set obtained at [@EH,l]o = 14 x 10
molecule cm? is shown in Figure 9 as an example. Retrieved
values for Ycu,cno varied between 0.19 and 0.26 for the
individual data sets, with a decreasing trendYigh,cHo as a
function of [CHCH.l]o. When the entire data set was employed,
the retrieved value folch,cHo was 0.26. Test fits conducted
with kao4/ks andYer,cho both treated as fit parameters generated
consistent results, with retrieved values figy/ks varying
between 2.7 and 3.5 antty,cho data essentially unchanged
from fits obtained withk,4/k, fixed. Thus, the yield data obtained
from fits to eq N are consistent with those derived from the

results indicate that production of acetyl iodide may be
important, even for branching ratios to molecular channels such
as reaction 8b as low as 10% or so. Conversion of acetyl iodide
to peracetic acid could possibly occur via the reaction obHO
with CH3COlI

CH,C(O)I + HO, — CH,C(O)OOH+ 1 (28)
HO; is known to add reversibly to carbonyl compoufiéi§’
and it is at least possible that the existence of an exothermic |
atom elimination channel pushes this reaction through to

initial slope analysis and suggest a yield for acetaldehyde nearperacetic acid and | atom products. However, iodoethane

20% with a slight negative correlation with [GEHl]o in
evidence.

oxidation experiments conducted in the presence of elevated
HO; levels (generated via addition of either @Hor CH;OH
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to standard Gliodoethane/air mixtures) did not reveal any that, since chloroacetaldehyde is not the sole product of ethene
increase in the yield of peracetic acid, thus eliminating reaction consumption and it too is reactive with Cl atoms, this method
28 as the missing peracetic acid source. should technically be considered an upper limit. Nonetheless,
Regardless of the details of the actual peracetic acid sourcethe three methods of data analysis are in rough accord and
chemistry, it is almost certain that it originates from chemistry indicate a GH, yield of about 26-30%.
occurring following abstraction from the-CHyl group in Last, we note that the yield of ethene did not vary with O
iodoethane. Thus, the analysis based on@HD, CHCOCI, partial pressure (20500 Torr), indicating that addition of O
peracetic acid, CpD, and CO product yields presented above to CH,CH,l is not likely competing with decomposition via
likely provides the best estimate of branching ratios to reaction reaction 13. Thus, £, is likely the predominant product
4a. It can then be concluded that this reaction channel accountsesulting from abstraction at the methyl group in iodoethane,
for about 28-43% of the reaction at atmospheric pressure, with and the measured,H, yields should provide a reasonable
a definite trend to lower yields with increasing [@EH:l]o. measure of the branching ratio to reaction 4b.
True branching to reaction channel 4a could be slightly higher, The third major primary product of the Cl atom initiated
since certain hydroperoxides (e.g., &HHIOOH) may be oxidation of iodoethane was chloroethane; see Figure 8 for
formed, but may not be detectible and/or may decompose onrepresentative product yield data. Since the reaction of chloro-
our chamber surfaces. ethane with Cl atoms is relatively slow, & 10712 cm?
Ethene is clearly observed as a primary product of the Cl molecule® s71,68 secondary loss of this species was minimal.
atom initiated oxidation of iodoethane; see Figure 8 for Yield data, corrected for this secondary loss using a rearranged
representative data. As described in the Introduction, ethene isversion of eq N°* are presented in Table 6 and show a strong
a possible product following H atom abstraction from thesCH correlation with [CHCHl] o, increasing from about 0.08 to 0.40

group in iodoethane as [CHCH,l]o was varied from (3.556) x 10 molecule cm?.
The observation of increasing chloroalkane yield with increasing
Cl + CH,CH,l — CH,CH,l + HClI (4b) [iodoalkanej is in keeping with what was noted by Bilde and
Wallingtor?® in their study of the Cl atom initiated oxidation
CH,CH,l = CH,=CH,+ | (13) of CHsl. These authors reported yields of €& that increased
) _ o from ~15% at [CHl]o = 1.6 x 10"* molecule cm? to as high
The observed decrease in the appareht,§ield with increas- as 80% at [CHI]o = 250 x 10 molecule cm?3. In addition,
ing consumption of CECHyl is consistent with its rapid reaction they observed a noticeable increase in the effective rate
with Cl atoms;kpe = 1.0 x 107*° cm® molecule™* s+ %9 coefficient for reaction of Cl with Ckl (as measured by the

relative rate technique) as the initial [GHincreased. They

rationalized these observations in terms of a reaction of the CI/

CHGal adduct with a second GiHimolecule, a process that leads
Sto the production of CkCl and competes with adduct decom-
gosition, reaction-{1b)

Cl + CH,CH, + M (+0,) — CICH,CH,O, + M (29)

Thus, to determine the initial ethene yield, the same procedure
were used as were just outlined for the {CHHO yield
determinations. Data obtained by the three independent method

are summarized in Table 6. First, determination of the initial Cl + CH,l <= CH,I-Cl (1b)
slopes of plots of [@H,4] vs —A[CH3CHGl] led to the derivation
of initial C,H,4 yields of about 23%, independent of the initial CH,l-Cl — products 2

[CH3CH,l]. Second, the observed fractional yields ofHz
versus fractional CECH,l consumption were fit to an equation CH,l + CH,l-Cl — CHLCI + other products

analogous to eq K (likely CH4l and I) (3)
= VY-(1 — J(1 — (koglka=1) __ - .
fC2H4 =Y fCH3CH2|) (@ fCH3CH2|) ’ 1y Our data then suggest the occurrence of a similar mechanism,
(1 — kygky) (N) leading to the formation of chloroethane with a yield that is
correlated with [CHCHal]o

Here,fc,n, refers to the concentration of,84, normalized to
[CH3CHGal]o, Y is the fractional yield of @H,4 per iodoethane
oxidized, andfch,chy IS the fraction of the initial iodoethane
that has been oxidized. The rate coefficient ragigk, was fixed
to a value of 4.0K, = 2.5 x 10711 cm?® molecule® s71, this
work; kog = 1.0 x 1071° cm?® molecule® s71),% and fits were
conducted on the individual data sets obtained at each
[CH3CHl]o. Initial CoH,4 yields obtained via this method ranged  The possibility of the occurrence of a bimolecular halogen
from 0.25 to 0.33 and displayed a slight anti-correlation with exchange reaction 4d
[CH3CHal]o.

Since chloroacetaldehyde, CIQEHO, is the major product Cl + CH;CH,l — CH;CH,CI + | (4d)
of the CI atom initiated oxidation of ethene

Cl + CH,CH,l = CH,CH,I-CI (4c)
CH,CH,l-Cl — products (23)

CH,CH,| + CH,CH,l-Cl — CH,CH,CI + CH,CH,| j? ]

cannot be ruled out, although this pathway can account for no
CICH,CH,0, + RO, — CICH,CH,0 + RO+ O, (30) more than about 10% of the overall reactituy, < 2.5 x 10~%?
cm?® molecule® s71.
CICH,CH,0+ O, — CICH,CHO + HO, (31) In contrast to the observations of Bilde and Wallington,
however, an increase in the effective rate coefficient for reaction
plots of observed [CICH,CHO] + [C,H4]} vs —A[CH3CHl] 4 with increasing [CHCHl] o, (2.5-25) x 10 molecule cm?,
also provide a means for estimating the initiaHg yield. This was not observed in the present work. This apparent discrepancy
procedure led to §H, yields ranging from 19% to 23%. Note  may be due to differences in experimental conditions in the two
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cases, as well as to the existence of subtle differences in theoccurring under atmospheric conditions. The following conclu-

chemistry of the adducts involved. First, the highest iodoethane
concentrations employed in our relative rate experiments are
an order of magnitude lower than those used by Bilde and
Wallington, thus minimizing the effects of reaction 32 on the
observed value oks. Second, for a given [iodoalkang]ess

sions can be drawn:

(i) Extrapolation of the high-temperature flash photolysis
results to 298 K suggests that pure abstraction pathways in the
reaction of Cl atoms with iodoethane occur with a rate
coefficient ksa + kap) = 1.6 x 10711 cm® molecule? 571, in

chloroalkane is observed in the iodoethane system than in theaccord with Cotter et &

methyl iodide system; box modeling suggests a rate coefficient
of (5—10) x 10713 cm? molecule* s~ for reaction 3, compared

to only (2-5) x 10718 cm® molecule s for reaction 32.
Furthermore, in the case of the gliKC| adduct, first-order adduct

(ii) Reversible adduct formation and loss, reactions 4c and
—4c, occur with rate coefficients of about ¥ 1071 cnmd
molecule’! st and 1.1x 10* s71, respectively, at 298 K and
300 Torr. Since the high-pressure limit for these reactions has

loss via processes that do not regenerate Cl atoms, reaction 270t likely been reached, somewhat larger rate coefficients would

occurs at about 200782728 |n the case of the CI/C¥CH,l
adduct, however, first-order loss of the adduct in the chamber

apply at 1 atm total pressure.
(iif) The binding energy for the Cl atom/iodoethane adduct,

system, reaction 22, was estimated in section 1.E to occur at a®S determined from the flash photolysis experiments and the

rate of about 19 s™L. Thus, for [CHCH,l] < 25 x 10
molecule cm?® as employed in our relative rate studies of
reaction 4, the first-order rate of occurrence of reaction 32 is

probably less than the competing loss channels for the adduct.

Thus, a large increase in the observed value Kpiis not
expected. In fact, simulations suggest that a chande, iof
only about +10% would be expected over the range of
[CH3CH,llo employed in the relative rate experiments, just on
the edge of what is likely to be detectible.

To summarize, the three channels identified in the reaction
of Cl atoms with iodoethane, reactions—4aleading to the

theoretical studies, is approximately 60 kJ miol

(iv) Relative rate studies generate an effective valuekfor
~ 2.5 x 10711 cm® molecule® s71 at 298 K, 1 atm pressure,
larger than the extrapolated abstraction rate coefficient. This
suggests the participation of the adduct in the removal of
iodoethane in the environmental chamber experiments.

(v) Acetaldehyde and ethene are observed as primary products
in the chamber experiments. These products are obtained from
reactions 4a and 4b, respectively, which account for roughly
35% and 25% of the total reaction for [GEH,l]o ~ 10
molecule cms,

(vi) A reaction between the Cl/iodoethane adduct and a

formation of acetaldehyde, ethene, and chloroethane, respecsecond iodoethane molecule has been identifiggs (2—5)

tively, account for about 8085% of the reacted iodoethane
(see summary given in Table 6). The reaction channel most
likely to be underestimated is reaction 4a, given the possibility
of the formation of unquantified products such assCHIOOH,
CH3COlI, CH;OH, acetic acid, and so on. The product yield
data can be used to derive site-specific rate coefficidnis:

1 x 1011 cm® molecule! st and ky, &~ 6 x 10712 cm?
molecule! s71. These results can be combined with literature
data3.60.64.6%71 tg examine reactivity trends along the series of
monohalogenated ethanes. Abstraction at th€&Hs group
increases smoothly from roughly ¥ 10713 cm® molecule’®

s 1 for CH3CH,F, 1.4 x 1072 cm® molecule® s for CHs-
CH,CI, and 4x 10712 cm® molecule! s71 for CH3CH,Br to
about 6 x 10712 cm® molecule! s for CH;CH,l. A less
pronounced trend for abstraction at theCH,—X group is
evident;K_cn,—x is about 7x 10712 cm?® molecule® s* for
CH3CH,F and CHCH,CI and about 1x 101! cm® molecule®

s 1 for both CHCH,Br and CHCHol.

Last, we compare our product distributions with those
reported by Cotter et & These authors report a chloroethane
yield of 45% for an initial [iodoethane} 20 x 10 molecule
cm~3, a value that is higher than what is observe®%%) in
the current study for similar conditions (see Table 6). Their value
for the branching to reaction 4a, about 45%, is also somewhat
higher than what we observe (although within mutual uncertain-
ties). Cotter et al. do not report the formation of ethene in the
Cl atom initiated oxidation of iodoethane, while in the present
work, this species is clearly observed as a primary product (yield
~ 25%). The low IR absorption cross-section for ethene, the
overlap of its main absorption feature with a major iodoethane
absorption feature, and its low steady-state levels due to
secondary consumption may have contributed to this discrep-
ancy.

The data presented in sections +AF above can be
combined to present a complete picture of the mechanism of

x 1071 cm® molecule! s, leading to the production of
chloroethane with a yield that correlates with the initial
iodoethane concentration.

2. Relative Rate and Product Studies for Reaction of CI
with 2-lodopropane. A. Relatve Rate MeasurementBhe rate
coefficient for reaction of Cl atoms with 2-iodopropakg,was
determined at 298 K in the NCAR environmental chamber via
the relative rate technique. Values fkg were determined
relative tokss (in air and N diluent at 720 Torr total pressure),
kig (in 720 Torr air, 720 Torr B and 40 Torr N diluent), and
kio (in 720 Torr air, 720 Torr B, and 20 Torr N diluent)

Cl + CH,CH,CI — products (33)
Cl + CH,0— HCO+ HCI (18)
Cl + CH;OH — CH,OH + HCI (29)

For measurements versls in air, small corrections<10%)

were made to the measured &M decays to account for
conversion of CHO to HCOOH via reaction with H® All

data are summarized in Table 7, while a subset of these data is
plotted in Figure 10. As can be seen from the Table, values for
ks obtained versuksz andk;g in either air or N buffer gas, at

720 Torr total pressure or at 40 Torr total pressure ¢Nly),

and over a range of 2-iodopropane concentrations spanning an
order of magnitude are all consistent and yield an average value
for ks of (5.0 £ 0.7) x 107 cm® molecule® s™1. The value
obtained foiks in air with methanol as the reference compound,
5.1 x 10711 cm® molecule! s71, is consistent with these
findings. However, as was the case karinconsistencies were
observed when using methanol as the reference compound in
N, diluent; values obtained initially (2. 10711 cm?® molecule’®

s~1) were more than a factor of 2 lower than the value obtained
in a later set of experiments (5:4 10~ cm?® molecule’® s71).

As discussed above for the case of iodoethane, reasons for this

the Cl atom/iodoethane reaction and subsequent chemistrydiscrepancy are not resolved at this time. The final reported
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TABLE 7: Summary of Relative Rate Coefficient Determinations for Reaction of Cl| Atom Reaction with 2-lodopropane kg?

rate reference
coefficient reaction rate measured
reference buffer gas ratio coefficienp®60.68 value forks
compound (pressure) Ko/Kret (10712 cm?® moleculet s™1) (10-2cm® moleculel s™)
chloroethane air 5.9 8.3 49
(720 Torr)
chloroethane Y 5.9 8.3 49
(720 Torr)
formaldehyde air 0.68 73 50
(720 Torr)
formaldehyde Y] 0.73 73 53
(40 Torr)
formaldehyde Y] 0.67 73 49
(720 Torr)
methanol air 0.93 55 51
(720 Torr)

a Uncertainties in measured rate coefficient ratios ard%, while uncertainties in derived values farare 16-12%.

plots of [acetone] va\[2-iodopropane]. Yields, obtained over
a range of [2-iodopropangand shown in Table 8, varied from
26% to 33% and show a slight anti-correlation with [2-iodo-
propane]. As discussed by Cotter et af.,acetone can be
generated following H atom abstraction from the 2-position in
2-iodopropane (reaction 6a), followed by reactions-38

Cl + CH,CHICH, — CH,C-ICH, (6a)
CH,C'ICH, + O,— CH,CI(OO)CH,  (34a)

2CH,CI(O0")CH, — 2CH,CI(0")CH, + O,  (35)

In { [CH,CHICH,], / [CH,CHICH,], }

CH,CI(O")CH, — CH,C(=0)CH, + | (36)

0.0 T T T T T T T T

000 015 030 045 060 075 090 105 120 135 Again, there is a possibility of the involvement of a Cl/gH
CHICHs; adduct in the effective reaction 6a (and 6b; see below)
in the high-pressure chamber experiments. Also, the recent
experiments of Enami et &, referred to earlier, suggest the
possibility of an alternate route to acetone production

In { [Reference], / [Reference], }

Figure 10. Relative rates of decay of GBHICH; vs CH;CH.CI (solid
circles, 720 Torr air), vs C¥DH (open triangles, 720 Torr air), vs GBI
(solid triangles, 40 Torr By, and vs CHO (open circles, 720 Torr air)

in the presence of Cl atoms. CH,C*ICH, + O,— CH,C(=0)CH, + 10  (34b)
value forks, which does not take into consideration the methanol ) )
data obtained in B is (5.0+ 0.7) x 10~ crm? molecule't Propene is also observed as a primary product of the Cl atom

1, in very good agreement with the value previously reported initiated oxidation of 2-iodopropane, as illustrated in Figure 11.

by Cotter et af3in a low-pressure, discharge flow tube system, By analogy to ethene production from iodoethane, propene is
(4.68 + 0.49) x 10711 cm® molecule® sL. The similarity the expected end product of abstraction from the methyl groups

between the low- and high-pressure rate coefficients implies at!" 2-iodopropane
most a modest contribution of adduct-related chemistry to the Cl + CH.CHICH. — CH.CHICH.* (6b)
effective rate coefficient observed in our higher-pressure 3 3 3 2
chamber studies.

B. 2-lodopropane Productslo investigate the mechanism

of the CI atom initia’glegl oxidation of g-iodopro_pane, MIXUreS  gecause the propene appearance profiles (yields) did not vary
of Clz, (25-50) x 10" molecule cm”, and 2-iodopropane, \ih O, partial pressure (26500 Torr), addition of @to CHs-

4 3 .
(3'5._42) x 100 molecqle cn) were .phqtolyzed in the CHICHy* does not appear to compete with reaction 37. Propene
environmental chamber in 726 15 Torr air diluent. Products reacts rapidly with Cl atomsgs = 2.6 x 1010 c® molecule

observed via IR absorption spectroscopy were acetone, 2-chloro-g-1 s

propane, propene, and chloroacetone, which accounted on

average for (85- 15)% of the 2-iodopropane consumed. Typical  C| + CH,=~CH—CH, (+0,) — CICH,—CH(OO)—CH,
product yield data, for an initial [2-iodopropane] 14 x 10* (38)
molecule cm3, are shown in Figure 11.

Appearance profiles for acetone (i.e., plots of acetone and so, a decrease in the apparent propene yield with 2-iodo-
production vs 2-iodopropane consumption; see Figure 11 for propane consumption is observed. Thus, estimates of the true
example) were linear, indicating that it is a primary product of propene yield were obtained via the three methods used above
the oxidation. Furthermore, since acetone reacts much morefor acetaldehyde and ethene data analysis.
slowly with Cl atom&° than does 2-iodopropane (by a factor Initial slopes of plots ofA[propene] vs—A[2-iodopropane],
of about 25), no correction for secondary loss is necessary.as summarized in Table 8, indicated initial propene yields
Acetone yields can thus be obtained directly from the slopes of between 32% and 50%. A trend in the derived initial yields

CH,CHICH,” — CH,CH=CH, + | (37)
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Figure 11. Products observed in the Cl atom initiated oxidation of 2-iodopropane, fosQEIKCH;]o = 14 x 10" molecule cm?, in 720 Torr
air diluent: acetone, solid circles and solid line (upper); propene, open circles and solid curve (upper); 2-chloropropane, open squareés@nd solid |
(lower); chloroacetone, solid squares and solid line (lower).

TABLE 8: Product Yields (in %) from Oxidation of Chloroacetone is expected to be the major (but not exclusive)
2-lodopropane* product of propene oxidation.
_ propené 2-
[2-iodopropane] acetone propefiepropené ksgks fixed chloropropane 2C|CH2CH(OO)CH3—> 2C|CH2CH(O')CH3 + 02 (393.)
3.5x 10¢ 31 34 31 51 6
6.9 x 10" 31 31 34 51 9

14 x 104 32 38 44 48 11 2CICH,CH(OO)CH; —

28 x 104 27 42 50 50 21 —

42 % 104 % 42 45 26 17 CICH,CH(OH)CH; + CICH,C(=0)CH,; + O, (39b)
entire data set 50

a Absolute uncertainties in product yields a#g5%, except for CICH,CH(O)CH, + O, — CICH,C(=0)CH; + HO, (40)

2-chloropropane#4%).° (1) Lower limit from sum of propene and

chloroacetone yields.(2) From initial slope of [propene] va[2- Thus_, the sum of the propene and chlor_oacetone Y_ieldS can _be
iodopropane] plots? (3) From fits of product yield data to eqNsee considered as a lower limit to the branching to reaction 6b. This
text for details. sum varied from about 32% to 42% over the range of

[2-iodopropane] studied; see Table 8.

L . . o Appearance profiles for 2-chloropropane were linear, indicat-
with increasing [2-iodopropang]s observed, but this is not g that it too is a primary oxidation product. The data in Figure
believed to be significant. Note that very low (and thus difficult 11 show that the yield of 2-chloropropane, for [2-iodopropgane]
to quantify) steady-state levels of propene are observed in_— 14, 1014 molecule cm3, is (114 4)%. As shown in Table

experiments with low initial [2-iodopropane], while uncertainties 8, a significant correlation between the 2-chloropropane yield
arise in the high [2-ioo!opropane] experiments from the low 5. [2-iodopropang] was observed, with the yield of 2-
2-iodopropane conversions observed. , chloropropane increasing from about 6% at the lowest [2-
Initial propene vyields were also obtained from fits of the iodopropane] to about 20% at the highest [2-iodopropane]
fractional propene yield versus the fractional 2-iodopropane yseq. Again, this observation supports the supposition of Bilde

consumption to eq N* and Wallingto® that the production of chloroalkanes from the
(Kafke—1) corresponding iodoalkane occurs via the formation of a Cl/iodo-
foge = Y (L = o) [(1 —fe )™ — DI(1 — ksgky) alkane adduct that undergoes subsequent reaction with another
(N") iodoalkane molecule
Here, ks and ksg are the bimolecular rate coefficients for the Cl + CH;CHICH; <> (CH,CHICH,)-Cl (6¢)

consecutive reactions that form and destroy prop#&ris,the
yield of propene per molecule of 2-iodopropane oxidieg, CH;CHICH; + (CH,CHICH,)-Cl —

is [propene]/[CHCHICH;z]o, and fcu, is the fraction of the CH,CHCICH, + CH,CHICH; + | (41)
initial 2-iodopropane that has been consumed. Fits were

performed with the ratidsg/kes fixed to a value of 5.3,kKzs = Formation of 2-chloropropane via a bimolecular reaction 6d can
2.6 x 1071% cm® molecule® s7%%° ks = 4.9 x 107! cm? account for no more than about 6% of the overall reactien,

molecule s71, this work) on the individual data sets obtained < 3 x 1012 ¢cm? molecule® s1

at each [2-iodopropanghnd on the data set as a whole. As

shown in Table 8, a very consistent set of propene yields were Cl + CH,CHICH; — (CH,CHCICH;) + | (6d)
retrieved, ranging between 0.46 and 0.51 for the individual data

sets, with a propene yield of 0.50 obtained from the fit that On the basis of the product yields just described, the mechanism
included the entire data set. for the reaction of Cl atoms with 2-iodopropane under chamber
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conditions can be summarized as follows. Formation of propene and 2-iodopropane, respectively, using literature cross-section
is likely the predominant primary product arising from reaction datal®°® Reaction with OHB%22 will also play a role in the

6b, and thus, this pathway accounts for about80% of the destruction of these species; with a globally averaged [©H]
total reaction. The yield of acetone, about 30%, can be thought 10° molecule cm?, lifetimes of 17 and 8 days can be estimated
of as a strict lower limit to the branching to reaction 6a because for these two species. The estimation of lifetimes with respect
of the possible formation of other products via reaction with to Cl atom reaction is more difficult given the uncertainty in,
peroxy radicals generated in the oxidation of propene, for and likely spatial and temporal variability of, Cl atom concen-
example trations and the unknown atmospheric fate of the Cl/iodoalkane

adducts. Assuming [Cl}= 10* molecule cm? in the MBL2®

CH,CI(OO)CH, + HO,— CH,CI(OOH)CH,+ O, (42) and that no iodoalkane loss results from adduct formation,
lifetimes of 70 and 23 days are derived for iodoethane and

. 2-iodopropane. Under the assumption of efficient iodoalkane
CHCI(OO)CH, + destruction upon formation of an adduct with Cl, the iodoethane
CICH,CH(OO)CH; — CH,CI(OH)CH; + lifetime would be reduced to about 17 days, and a similar

CICH,C(=0)CH; + O, (43a) 2-iodopropane lifetime is likely. Finally, as noted by Cotter et
al. 22 should higher [Cl]= 10° molecule cm? apply in some
— other products (43b)  casegSreaction with Cl could become a very efficient sink for
these species, comparable to removal by photolysis.
Nonetheless, given the nearly 50% yield of propene and the
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