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The kinetics of the reactions of chlorinated methyl radicals {CIHCHCL, and CC}) with NO, have been

studied in direct measurements at temperatures between 220 and 360 K using a tubular flow reactor coupled
to a photoionization mass spectrometer. The radicals have been homogeneously generated at 193 or 248 nm
by pulsed laser photolysis of appropriate precursors. Decays of radical concentrations have been monitored
in time-resolved measurements to obtain the reaction rate coefficients under pseudo-first-order conditions
with the amount of N@being in large excess over radical concentrations. The bimolecular rate coefficients
of all three reactions are independent of the bath gas (He)oaml pressure within the experimental range

(1-6 Torr) and are found to depend on temperature as follok(€H,Cl + NO,;) = (2.16 4+ 0.08) x

101! (T/300 K) 112024 cmp® molecule® st (220363 K), k(CHCl, + NO,) = (8.90 & 0.16) x 10 *?

(T/300 K) 148013 cmd molecule? s (220-363 K), andk(CClz + NO,) = (3.35 & 0.10) x 10712

(T/300 K) 2204 cm?® molecule® s71 (298-363 K), with the uncertainties given as one-standard deviations.
Estimated overall uncertainties in the measured bimolecular reaction rate coefficients ar¢2B%utin the
reactions CHCI + NO,, CHCl, + NO,, and CC} + NO,, the products observed are formaldehyde, CHCIO,

and phosgene (C&D), respectively. In addition, a weak signal for the HCI formation has been detected for
the CHC} + NO, reaction.

Introduction CH,CI + NO, — products 1)
Chlorinated hydrocarbon species such asCHCHCL, and CHCI, + NO, — products 2)

CCl; radicals are important intermediates in combustion pro-

cesses, especially during incineration of hazardous Wastese CCl, + NO, — products 3)

species can be formed in unimolecular decomposition reactions
of stable chlorinated hydrocarbon molecules under combustion
conditions. Bond-breaking reactions for the stable chlorinated _. s S )

give specific kinetic parameters in individual cases but it also

compounds occur uniformly at lower temperatures than for the makes ground for the theoreticians to gain deeper mechanistic

hydrocarbons of similar size. Kinetic stability of the methyl derstandi d bably 1 I wheth | trend
radical increases in the combustion environment as one or more"112€rstanding and, probably, to reveal whether a general tren

hydrogen atoms in the radical are substituted by chlorine atoms,ca" be fo_und toSepram the reactivity of these and similar
because peroxy adducts formed via radical addition o O radicals with NQ.

increasingly favor decomposition back to the radical an&© The number of the substituted methyl radical reactions with
chlorine substitution increaséhis is due to the weaker-60 NO, subjected to direct studies is few. Nesbitt ef ddave
bond in the chlorinated peroxy adducts than in their hydrocarbon investigated the reaction of hydroxymethyl radical ¢(CHf)
counterparts, thus increasing the importance of reactions ofwith NO, at low pressures~1 Torr He) using a discharge-
chlorinated methyl radicals with species other than molecular flow system combined with a mass spectrometer and obtained
oxygen. Reactions with Nfcan be expected to be important a bimolecular rate coefficient (88 2.1) x 10°12cm3 st at
during the oxidation of chlorinated compounds at low temper- room temperature. Pagsberg et” diave studied the same

atures, because traces of nitrogen oxides are also often pfesentreaction at room temperature and atmospheric pressure obtaining
In addition, the chlorinated hydrocarbons increase soot formation g rate coefficient (2.3t 0.4) x 107t cm=3 s2 using pulse

Investigating these kinds of series of reactions does not only

in fuel-rich oxidationt radiolysis to generate radicals and UV-absoption to measure
In the present work, we describe first direct experimental the kinetics. They also observed the formation of a long-lived
studies for reactions-13. or stable product. Combining this finding with their larger rate

coefficient at atmospheric pressure, they concluded that the
*To whom correspondence should be addressed. E-mail: difference between the two rate coefficient values is probably

raimo.timonen@helsinki.fi. . due to the effect of bath gas pressure on stabilizing the adducts.
T Current address: Department of Molecular Physics, Alba Nova, The CE + NO ion has b died ivel f

University of Stockholm, Roslagstullbacken 21, S-10691 Stockholm, e Ch > reaction has been studied extensively (see re

Sweden. 8 and references therein), in contrast to the other substituted
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methyl radical reactions with NO Breheny et af. have
investigated the G NO; reaction at room temperature and
over the pressure range 510 Torr of Ar and N using time-
resolved infrared emission spectroscopy obtaining a bimolecular
rate coefficient (1.75t 0.26) x 10711 cm™3 s~L. Their results
with previous worR indicate that the main channel produces
FNO and CEO products, though at higher pressures, the
formation of the adduct might have some minor importahce.
Slagle et al® have studied the GEI + NO, reaction at room
temperature and at low pressurel( Torr He) obtaining the
rate coefficient (9.6 1.9) x 10712 cm™ s! using a flow
reactor combined with a photoionization mass spectrometer. No
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or from CH,Cl, (CD,Cl,)13 as
CH,CI, (CD,Cl,) + hy(193 nm)— CH,CI (CD,CI) + (CI )
5a

— other products  (5b)

Deuterated dichloromethane (@C),) was used as a precursor
instead of CHCIBr or CH,Cl, to avoid contributions from NO
(m = 30 u, IE (ionization energy} 9.26 eV)!* when the
formation of the formaldehyde productn(CH,O) = 30 u,
m(CD-0) = 32 u, and IEx 10.9 eV for both}* was measured.
The CHC} radicals were produced either from CHElas

previous experimental data on the temperature dependences of CHCI; + hv(193 nm)— CHCI, + CI (6a)
the substituted methyl radical reactions with N€ubject to
direct studies are available. — other products (6b)
Experimental or from CHCLBI® as

Details of the experimental apparatus and procedures used CHCLBr + hv(248 nm)— CHCI, + Br (72)
have been described previousdlyso only a brief overview is — other products
given here. The gas mixture flowing through a tubular reactor (7b)
contained the rad_|cal prec_ursoK(Q.lS%), NQ in varying The CC} radicals were generated from GBHS as
amounts, and an inert carrier gas (He of) M large excess
(>99.7%). The CHCI, CHCL, and CC} radicals were homo- CCLBr + hv(248 nm)— CCl, + Br (8)

geneously generated from appropriate precursors at 193 or

248 nm by pulsed unfocused exciplex laser (ELI-76E) photolysis ~ As mentioned, the radicals were produced by both 193- and
along the flow reactor. Gas flow velocity through the tubular, 248-nm laser photolysis from different precursors to ensure that
temperature-controlled reactor was at®m s™1, which ensured the possible extra internal energy of the produced species would
that the gas mixture was completely replaced between laservary for the different measurements. In comparison of the results
pulses with the repetition rate of 5 Hz. The employed reactor of these measurements, no difference was obtained because of
tubes with 6-, 8-, and 17-mm inner diameters (id) were made the precursor or wavelength change. Similar tests have been
of seamless stainless steel and were coated with halocarbon waxPerformed previously, for example, by Timoriéand Krasno-

18 \wi i
The gas mixture was continuously sampled through a perov et al* with the same conclusion.

0.4-mm diameter hole at the side of the reactor and was formed Formaldehyde (or CHD when CLCl, was USEd. as a
. . . . . precursor) was detected as a product for the reaction of the
into a beam by a conical skimmer before it entered into a

hamb tain hotoionizati i CH.CI/CD,CI radical with NQ. Formation of NO was also
vacuum chamber containing a photolonization mass Spectrom-, o 5 ,req, put because of the production of radicals other than

eter (PIMS'). As the gas beqm traversed the ion source, a porFlonCqu (CD,CI) in the photolysis or in the secondary chemistry
was photoionized and the ions formed were mass selected in a4 their possible reactions with N@ produce NO, it was
quadrupole mass spectrometer (Extrel, C-50/150-QC/19 mMjynossible to assign the origin of NO unambiguously to the
rods). lonization radiation in the PIMS was provided by atomic  cH,c| (CD,CI) + NO, reaction. Other potential products that
resonance lamps: a Cl-lamp (8:9.1 eV) for CHCI, CHCL, were searched for but not detected for this reaction include
and CC4, a H-lamp (10.2 eV) for CkCl, CHCh, CCh, CH.CIO, CH,CIONO;, CH,CINO,, HNO, HNQ,, and HClI. For
CHxCIO, CHCELO, CCEO, CH,CIONG,, CHCINO,, CCENO,, the reaction of the CHGFadical with NG, the detected product
HNO, CCIO, and NO, an Ar-lamp (11-611.8 eV) for CDO, was CHCIO (CHGJBr was used as a precursor) as well as NO,
and a Ne-lamp (16:716.9 eV) for HCI, HNQ, CIO, CH,CIO, whose origin was also difficult to assign quantitatively in this
CHCIO, CCENO,, CINO, and CCJO. The title radical decays  case. A weak signal was also measured for the formation of
were mainly measured with the Cl-lamp, while a few profiles HCI. Other potential products that were searched for but not
were obtained with the H-lamp. However, no differences in detected include CH@D, HNO, and HNQ. The detected
profiles were observed. Temporal ion signals were recorded by product of the reaction of the C{¥adical with NQ was CC}O.

a multichannel scaler (EG&G Ortec MCS plus) from 10 ms The measured signal for the NO formation was weak and
before each laser pulse up to 80 ms following the pulse. included a small portion from the photodissociation of the
Typically, a profile from 3000 to 15000 repetitions was reactant N@ For the CC4 + NO; reaction, other potential

accumulated before the nonlinear least-squares method was useBroducts that were searched for but not detected includedzCl
to fit the data to an exponential functiorR][ = [Rlo x exp- CCILNO,, CCIO, and CINO. When the formaldehyde or
(—K1), where R]: is the signal proportional to the radical chlorinated formaldehyde was observed and assigned to the

concentration at timeandK is the first-order rate coefficient.  Preduct of reactions -3, it was also confirmed that no other

. . radicals were formed in the photolysis or in the secondary
12
aSThe CHCI radicals were generated either from £hBr reactions that could have produced this primary product.

Radical precursors, Gi€l, (Mallinckrodt, purity > 99%),
CD.ClI, (Aldrich, purity > 99%), CHCIBr (Fluka, purity >
98%), CHC} (Rathburn, purity> 99%), CHCEBr (Aldrich,
purity > 98%), CCEBr (Aldrich, purity 99%), and N@(Merck,
purity 98%), were degassed before use. The & was diluted

CH,CIBr + hv(193 nm)— CH,CI + Br (4a)

— other products (4b)
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in He to form a 10% mixture and was stored in a blackened 200
glass bulb. Helium (Messer-Griesheim purity of 99.9996%) and
nitrogen (Aga purity of 99.9999%) were employed as supplied.

. . 160
Results and Discussion
The decay of R (R= CH,Cl, CHCL, or CCk) was first | s = w e HoH @ W
monitored in time-resolved experiments without Ni© obtain 120 - merms

the wall reaction rate coefficierya, which was measured by

reducing precursor concentration or laser intensity until the rate

obtained for this process no longer depended on these factors 80 4
and an exponential fit to the temporal ion signal showed no
deviation from a first-order decay. When these conditions were
achieved, it was presumed that all radieeddical processes
were suppressed (i.e., these had negligible rates compared to
the first-order processes occurring in the system). Initial R
concentrations were then typically below>310' molecules
cm3, which were estimated from the laser fluences and the 0
known absorption cross sections of the precursor at used
wavelengths. Experiments were mainly performed with rela-

tively high precursor concentration~(03—10* molecules

k'/s”

40 e i .
- 20 40 60 80
time / ms

-100 20 40 60 80

cm~3) but with low laser intensity to minimize NQlecomposi- time /ms

tion. A few measurements were carried out with low precursor T T T
concentration and high laser intensity to test the possible 0 3 6 9
importance of radicatprecursor reactions. It was found that [NO ]/1012 em’®

changes in precursor concentration had a minor or no effect on 2

kwan @nd no effect ork(R + NO,). Figure 1. Plot of the first-order CKCI rate coefficienk' vs [NO,] at

The first-order rate coefficienk() was measured as a function | = 298 K andP = 5 Torr in an 8-mm id reactor tube. The insert in
of the NO, concentration ([NG)), which was always much the upper left corner shows the ion signal profile for the,CHlecay

. . . . . under the conditions of the solid circle in the plot: [NG= 8.0 x
higher 15 times) than [R], resulting in pseudo-first-order ;g2 melecule CIM®, Kyooay (CHoCI) = 164 + 8 L, andkyar = 13 +

reaction kinetics. Since the only significant processes consuming? s-, The inserts in the lower right corner show the ion signal profile

R during these experiments were the reaction with, N@d for the CD:Cl radical signal decay and product (&) formation under
kwan, the bimolecular reaction rate coefficiddR + NO,) could the conditions (_)f the solid square in _the plot, _Wh(_anZCDwas used
be obtained from the slope of theversus [NQ] plot. A typical as a precursor instead of @El, to avoid complications from the NO

formation. Conditions were otherwise similar and [j& 3.8 x 102

example is shown in Figure 1 for the Q&I + NO, reaction molecule cm®. Uncertainties are one-standard deviations).(1

with the CHCI radical signal decay inserted in the upper left
corner. In the lower right corner, both the gD radical signal Some NQ was photolyzed in the laser pulse at 193 or
decay and the product (GD) formation profile are also shown, 248 nm according to the following reactio#fs°

when CDQCl, was used as a precursor instead of,CHunder

similar conditions to avoid complications because of the NO NO, + hv(193 nm)— NO + 0.55 ofD) + 0.45 0¢P) (9)
(m/z (mass versus charge number rato)30 u) formation at

the samenvz ratio as CHO (m/z = 30 u). In addition, no NO, + hv(248 nm)— NO + O(P) (10)
secondary kinetic isotope effed(CD,Cl + NO)/k(CH,CI +

NO) was observed above the experimental uncertainty (Table Oxygen atom concentration was suppressed using low laser
1, 9). intensity and high appropriate precursor concentration. It was

As noted, for the CBCl + NO,, CHCL, + NO, and CC4 + typically in the range 0.63 x 10'° molecule cm3, which was
NO; reactions, the products observed are formaldehyde, CHCIO, estimated from the absorption cross seéfidfand the measured
and phosgene (C&), respectively. In addition, a weak signal  laser intensity. Experiments performed with higher laser intensity
for the HCI formation has been detected for the CHEINO; and lower precursor concentration yielded essentially the same
reaction. In these cases, the growth time of the product matchedvalues within the experimental uncertainty for the bimolecular
that of the R decay in the reaction with M@ addition, several rate coefficients. Measurements performed using eitheorN
other potential products were searched. The absence of aHe as buffer gas yielded the same himolecular reaction rate
measurable ion signal in these cases cannot be taken as a proafonstants within experimental error, which rules out any
of the insignificance of these possible products in reactier 1 important effects caused by excited oxygen atoms{](on
because the sensitivity of our experimental system is not known kinetics, because under experimental conditions nitrogen quenches
for these species. them already within the first 10s after photolysis pulse.

As mentioned in the Introduction, Breheny et®ahave The equilibrium between Nand NO, is shifted toward
investigated the G+ NO; reaction at room temperature, and the dimer at low temperature$ & 220 K) 2! However, in our
their results indicate that the main channel producegCind system, the amount of N@onverted to NO, was insignificant
FNO products, though at higher pressures the formation of the (<0.1%) because of the low NCconcentrations used and
adduct might have some minor importance. Similar reaction because of the small value of the equilibrium coefficient at room
channels could also be expected in the studied reactions.temperature. In addition, equilibrium was not reached within
However, it is impossible to propose exact mechanisms for the the short residence time-L00 ms) in the cooled zone of the
current reactions, since we are unable to firmly identify all the reactor because the recombination rate for dimer formation
possible products, as mentioned above. (K =~ 0.05 s1) is slow under experimental conditiofsSuch
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TABLE 1: Results and Conditions of the Experiments Used
To Measure the Bimolecular Rate Coefficients of the
Reaction R+ NO, — Products

T/K  PbTorr 1071NOgJ/cm=3  dCreactofmMmM  Kyan/s™t 10%2%kdcmd s71

R = CH,CI
K(CH:Cl + NO,) = (2.16+ 0.08) x 10-11 x (T/300 K) 1120. 24 ¢ 51
2.2

220 . 1.2-4.7 17 16 31414
242 3.0 2.5-85 6 18 23.0£1.0
241 2.2 1.256 17 11 31211
241 4.0 18538 8 13 26.2-1.4
267 5.2 1876 8 11 22.2:0.5
267 2.7 1.85.3 17 7 29.4: 0.6
298 1.0 1.66.9 17 5 20.4- 0.8
298 1.1 1.7-7.9 17 10 21915
298 5.0 1973 8 7 19.7£ 0.6
298 3.0 1.27.8 17 8 255+ 1.0
298 3.0 1978 17 6 244 0.5
298¢ 51 2.0-5.6 8 10 23.4:0.3
298 5.0 2.1-8.0 8 13 19.2:0.7
336 3.0 1.78.0 17 7 20.8- 0.6
363 6.0 2.6-9.2 8 8 16.2+ 0.2
R= CHC|2
K(CHClL, 4+ NO,) = (8.90+ 0.16) x 10712 x (T/300 K)~148:0-13 ¢y 51
220" 2.6 6.7-27.7 6 19 13.4£ 0.5
241 2.2 2.6-14.5 17 6 12.9- 0.6
241 4.1 2.518.9 8 8 11.3t 0.4
2420 26 6.1-29.4 6 21 12.6£ 0.6
266" 6.0 7.4-24.2 6 12 12.5:0.5
266 4.5 24220 8 6 10.5£ 0.4
298 1.0 4.4-21.8 17 2 9.09: 0.3
298 1.9 6.1-29.0 6 17 9.3%t 0.4
298 2.5 4.527.7 17 3 9.4H1 0.6
298 3.0 6.5-33.3 6 16 8.31-0.4
298 4.9 3.8-17.8 8 5 8.40+ 0.7
298" 5.9 7.6-37.1 6 15 8.89+ 0.6
33¢" 5.9 9.2-38.3 6 12 7.36: 0.2
336 6.3 4.5-20.6 8 7 7.65+ 0.6
363 6.2 4.4-18.2 8 8 6.66+ 0.3
= CC|3

k(CCl; + NO,) = (3.35+ 0.10) x 10712 x (T/300 K) 22:04 cpg 51
298 1.0 13.246.9 17 0 3.54+0.17
298 2.5 13.6-60.1 17 0 3.7H0.12
298 2.5 9.8-46.0 8 2 2.94+ 0.10
298 5.0 9.546.9 8 1 3.34:0.12
298 2.1 10.6-52.9 8 4 3.46+ 0.13
318 2.0 7.9-34.5 17 0 2.9H 0.09
336 5.7 10.+53.4 8 2 2.7 0.05
363 6.2 9.3-46.5 8 4 2.14+ 0.05

a2Range of precursor concentrations used: {9.2) x 10 molecule
cm3 for CH.CIBr, (6.3-21.9) x 10 molecule cm?® for
CH,CI(CD,Cly), (2.1-7.2) x 10 molecule cm?® for CHCLBT,
(0.3-9.7) x 10 molecule cm? for CHCl;, and (1.5-6.62) x 10
molecule cm? for CClsBr. Laser intensities used were-23 mJ/cnd
(193 nm) and #34 mJ/cm (248 nm). Estimated initial radical
concentrations 0-44.2 x 10'* molecule cm®. P Helium used as a buffer
gas unless otherwise statédReactor inner diameter. Coated with
halocarbon waxd Statistical uncertainties shown are;lestimated
overall uncertainty isk25%. ¢ CH,Cl, used as a precursdmNitrogen
used as a buffer ga8 CD,Cl, used as a precursdrCHCL; used as a
precursor! R = CH,CI, CHCl, and CC}.

a small amount of dimer does not have any significant effect
on our results.

Investigations were also performed to find out the possible
presence of second-order R (R CH,CIl, CHChL, or CCk
radical) heterogeneous wall reactions. Both small (6 or 8 mm)
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Figure 2. Double-logarithmic plots of the measured bimolecular rate
coefficients versug.

than for the large tube. We concluded that second-order wall
reactions are unimportant in our experiments.

The measured bimolecular reaction rate coefficients for the
CHCI, CHCL, and CC} radical reactions with N@are shown
in Table 1 with their statistical uncertaintiesofland experi-
mental conditions. Estimated overall uncertainties in measured
bimolecular reaction rate coefficients are abei#5%. These
arise mainly from the uncertainties in determining reactant
concentrations and from the uncertainties in decay rate coef-
ficients. Linear least-squares fits to an expresdion A x
(T/300 K, whereT is temperature in K and\ and n are
empirical parameters, are given in Table 1. Double-logarithmic
plots of the bimolecular rate coefficients for the §H CHCL,
and CC} radical reactions with N@are shown in Figure 2.

Measurements were carried out at different pressures to
investigate possible contributions of three-body processes.
Changes of the pressure between 1 and 5 Torr (He) did not
change the rates in any of the R NO, reactions studied.
Therefore, no fast three-body processes are likely to be present
in any significant extent in these systems. This is consistent
with the abovementioned observations on thes GF NO;
reactiorf but is different from a recent study by Wollenhaupt
et al?* on the CH + NO, reaction, where both bimolecular
and termolecular reaction channels were observed. According
to that study, there is an increase of about 40% in the reaction
rate coefficient at room temperature as the pressure is changed
near the low-pressure limit of the termolecular component from
1 to 5 Torr. If similar or larger pressure dependencies had
occurred in the current reactions studied, this should have been
observed. On the other hand, Cumming et°adiave studied

and large (17 mm) id reactor tubes with the same coatings werethe kinetics of the CGH NO; reaction by following the buildup

employed to vary the surface-to-volume ratio (almost with a
factor of 3)11.230ne would expect a larger bimolecular reaction
rate coefficientk(R + NO,) for the small than for the large

of CCBNO, at 290 nm using the pulsed radiolysis UV-absoption
method. Measurements were performed at room temperature
and in the pressure range about %00 Torr. Within this

tube, if second-order heterogeneous reactions occurred in anyrange, the buildup of C@NO, was linearly proportional to Ar

significant extent. This was not observed and only the first-
order wall reaction rate coefficieRf,a was larger for the small

pressure, and the termolecular rate coefficient determined was
k(300 K)= 3.31x 10731 cmf s™1. Using this value to estimate
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the reaction rate coefficient at 5 Torr for this termolecular
channel givek(300 K) = 5.3 x 10~ cm? s 1, which is only
about 1.5% from the bimolecular reaction rate coefficient
k(300 K)= 3.35x 10712cn? s~ measured in the current study.
However, at atmospheric pressure, the termolecular channel
gives k(300 K) = 8.0 x 10712 cm?® s71, which is more than
twice as high as the current bimolecular reaction rate coefficient.
We conclude that under conditions employed in this work the
contribution of the possible termolecular channel is negligible.

A comparison on the effect of chlorination in the reactions
of the CH;, CH,CI, CHCLL, and CC} radicals with NQ can be
made using current experimental data. It is interesting to observe
a clear trend from the CJ€I to the CC} radical as reactivity
at room temperature decreases at each step about 60% after the
hydrogen atom substitution by the chlorine atom. However, this
apparent conclusion does not apply to the methyl radical,

because the bimolecular reaction rate coefficient of thg €H
NO; reactiorf® [k(295K) = 2.5 x 10~ cm?® s is close to the
current value of the CHClI + NO, reaction k(300 K) =
216 x 102 cmd s7Y).

There exists now enough information on the kinetics of
reactions of polyatomic free radicals with N start to search
linear relationships with different properties to account for the
observed reactivity differences. Several experimental studie

Eskola et al.
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Figure 3. A plot of R + NO, reaction rate constants vs adiab&#&(R)
sat 300 K involving substituted methyl radicals (g#¥ C;Hs,?”

indicate that reactivity in homologous series of radical/molecule CH.CN?” CF;,2 and CECI) shown in filled circles including current

reactions correlates with the ionization potentit®)(of the
species that is electron-donating in the transition state and wit
the electron affinity EA) of the electron-withdrawing spe-
cies>2930For example, Paltenghi et # have obtained a good
linear relationship for the alkyl radical reactions with énd

O3 by plotting logksook) versus IP(R) — EA(O, or Os).
Consequently, we first plotted ldggox) versus IP(R) —
EA(NO,). However, no clear correlation was observed in our
case. Instead, linear relationship was obtained wherkdagf
versusEA(R) was plotted I[P(NO,) is a constant in this plot
and was omitted for simplicity], which is shown in Figure 3
for several substituted methyl radicals (£ 8.;Hs, CH.CN, CF;,

and CRCI) in addition to current results. A few other radicals
(CoH3, CsH3, C3Hs, and CHCO) are also included for com-
parison. In addition to the clear correlation in the case of
substituted methyl radicals shown in Figure 3, it is interesting
to note that the reactivity of the radicals with M@ecreases as

results. A few other radicals 83,3 C3H3,%° C3Hs,28 and CHCOY)

pare also shown as open circles for comparison. Values for the radical
adiabatic electron affinities are taken from ref 14 except ft:Owhich
is taken from ref 34.

concluded that negative temperature dependency for the el-
ementary reaction having no potential energy barrier along the
reaction coordinate should not possessritmarameter il "
more negative thar-0.5, if the reaction rate is independent
from the degree of internal excitation of the reactdfts.
Combining this with the current results, it could be concluded
that either the reaction rates considered depend on the internal
energies of the reactants or, alternatively, a weakly bound
complex is formed? This intermediate could either dissociate
to reform the original reactants or rearrange to produce the final
products?®® Additional kinetic studies are in progress to improve
our understandings on the reactivity of halogenated alkyl
radicals.

their electron affinity increases. A similar behavior has been

observed previously for the R Br,3! and R+ Cl,®2 reactions,
where R is a substituted methyl radical. Deviations from the
log(ksook) versuslP — EA relationship have been observed for
the OH and H radicals in their reactions with halogenated
ethenes:33

In line with our previous studies on thelds + NO, and
CsHz + NO, systems® no evidence of an activation barrier

Conclusions

Bimolecular rate coefficients of the GBI + NO,, CHCl,
+ NO,, and CC} + NO, reactions have been measured and
have been found to obey the following temperature depen-
dence: k(CH.Cl + NO, = (2.16 = 0.08) x 101
(T/300 K)~112:0-24 cm3 molecule® s71, k(CHCl, + NO,) =
(8.90+ 0.16) x 10712 (T/300 K)~148:0.13 cmd molecule? s,

was observed in any of the present reactions. Instead, comparingindk(CCl; + NO,) = (3.35+ 0.10) x 10~12 (T/300 K)-2:2:04

the temperature dependencies of the4RNO, reactions
(R = CzH3, CgH3, CHyCI, CHCL, and CC}), it is seen among

cm® molecule! s7%. The absence of bath gas pressure depen-
dence of the reaction rates rules out the importance of three-

these systems that, when the reaction becomes slower, theyody processes in these systems. Formaldehyde@Tbas

n-parameter inT " becomes more negative, that is, shows
increasingly negative temperature dependencydsC+ NO,
[ksook = 4.19 x 1071 cmB s, k O T796], CsHz + NO,
[ksook = 2.55 x 10711 cm s71, k O T-19, CH,Cl + NO,
[ksook = 2.16 x 1071 cm® 572, k O T-113, CHCl, + NO,
[ksoox = 0.89 x 1071 cm3 s71, k O T-14§, and CC} + NO,
[ksook = 0.34 x 1071 cm® s7%, k O T-22. However, the
temperature dependence of the €€INO, system is less well

been detected as a product for the CHCD.CI) + NO;
reaction. In the case of the CHCH NO, reaction, CHCIO is
the main product with weak signal from the HCI formation.
Phosgene (C@D) has been detected as a product for thesCCl
+ NO; reaction. There is no experimental evidence on an
activation barrier for any of the reactions studied.
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