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Rate coefficients are reported for the gas-phase reaction of the hydroxyl radical (OH) with 1,1-dichloroethylene
(k;) andtrans-1,2-dichloroethylenekg) over an extended temperature range at 400 Torr in a He bath

gas. Absolute rate measurements were obtained using a laser photolysis/laser-induced fluorescence (LP/LIF)
technique under slow flow conditions. Rate measurementk;fexhibited complex behavior with negative
temperature dependence at temperatures below 640 K, a rapid falloff in rate between 650 and 700 K, and
positive temperature dependence from 700 to 750 K. The simple Arrhenius equation adequately describes the
data below 640 K and above 700 K and is given (in units of enolecule® s%) by k;(291-640 K) =

(1.81+ 0.36) x 10 2 exp(511+ 71)/T andk;(700-750 K) = 3.13x 10 °exp(—51761). Rate measurements

for k, also exhibited complex behavior with a near-zero or slightly negative temperature dependence below
500 K and a near-zero or slightly positive temperature dependence above 500 K. The modified Arrhenius
equation adequately describes all of the data and is given (in units®ahohecule s™) by kx(293-720 K)

= (9.754 1.14) x 10718 TL73: 005exn(7274 46)/T. Error limits are 2 values. The room-temperature values

for k; andk; are within+20 of previous data using different techniques. The rate measurements were modeled
using QRRK theory. OH addition to the unsubstituted carbon followed by adduct stabilization describes the
low-temperature measurements kgrAnalysis of equilibration in this system yields a-© bond dissociation
enthalpy of 32.8t 1.5 kcal mot™ at 298 K, a value confirmed by ab initio calculations. OH addition followed

by Cl elimination described the experimental datakorAb initio based transition state calculations for the

H atom abstraction channel indicated that this mechanism is consistent with the rate measurenients for
above 700 K. The H abstraction channelkgcould not be observed because of the presence of a more rapid

Cl elimination channel at elevated temperatures. H abstraction is predicted to be the dominant reaction channel
for both k; andk; at flame temperatures.

Introduction TABLE 1: Arrhenius Parameters from Previous Rate
Measurements— 1,1-Dichloroethylene

102 x A
(cm®molecule*s™)  E,(cal mol?) T (K) technique ref

The dichloroethylenes represent significant organochlorine
emissions to the environment. Vinylidene chloride (1;H&
Cly) is used industrially for the production of poly(vinyl

dichloroethylene) (PVDC) and 1,1,1-trichloroethane and was 2.30£ 0.44 —938+£209  240-400 FP-RF 7
duced at a worldwide rate of 200 000 metric tons in 1985 1606 ~1113+219 2977368  DF-LIE 8

proat /oric al : 989 022540027 22714956 298432 DF-MS 1

Vinylidene chloride is classified as a possible human carcinogen

by the Integrated Risk Information System of the EPA2- TABLE 2: Arrhenius Parameters from Previous Rate

dichloroethylene is of little industrial importance but is nonethe- Measurements— 1,2-Dichloroethylene

less significant environmentally because it is a byproduct of 1012 x A

chloroethylene manufactute High-temperature incineration (cm®*molecule*s™)  E,(cal mol?) T (K) technique ref

remains the best available technology for the complete and ¢ 937+ 1.47 —5624+ 169 240-400 FP-RF 7

permanent disposal of these hazardous materials. An important 2.1+ 0.8 —-40+238 297367 DFLIF 8

process contributing to the initial destruction of halogenated ) ) ) _
hydrocarbons under both atmospheric and combustion conditionsStudies are summarized in Tables 1 and 2 for 1,1-dichloroeth-
is reaction with OH radicald* ylene and 1,2-dichloroethylene, respectively.

Previous measurements of the reaction of OH with 1,1- and _ The reaction mechanism is presumed to be addition tarthe

1,2-dichloroethylene were limited to low temperatures (220 electrons associated with the=<C double bond. Edney et al. _
432 K)15-8 Arrhenius parameters derived from the previous Measured the room-temperature rate constant for OH reaction

with vinylidene chloride using the relative rate method. The
* To whom correspondence should be addressed. Fax: (9372518, rate constant observed (14>9_1(le cm® molecule? s7%)
e-mail: taylorph@udri.udayton.edu. appeared to be anomalously high compared to reported values
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for the other chloroethylenes (6-8.1 x 10-12cm?® molecule? pies of formation, entropies, and heat capacities. QRRK
s71).? Using a similar experimental approach, Tuazon €t al. calculations were also performed to calculate energy dependent
examined the room-temperature rate constant for OH reactionrate constants(E), using the above thermodynamic properties.
with 1,1- and 1,2-dichloroethylenes. However, in these studies, The most likely reaction mechanisms based on the ab initio and
experiments were performed with and without a Cl atom QRRK modeling of these reaction systems and their consistency
scavenger (ethane). Plots of 1,1- and 1,2-dichloroethylene versusith the available experimental data are discussed.

dimethyl ether (reference compound) consumption indicated that

secondary processes contributed to substrate loss. As a resulExperimental Approach and Data Reduction

the OH rate constants were obtained using the Cl atom scavenger
and rates of 8.11 and 1.80 10_,12 cm® moleculet s™ were of the reaction of OH radicals with chloroethylenes have been
observed for 1,1- ann‘gns-l,2-d|chloroethylene, respec'uvely. previously published® 12 A brief summary is given in the
Product analyses using FTIR spectroscopy confirmed that following paragraphs.

secondary reaction chemistry involving Cl atoms was important

for pOth substraltes. o . HONO was used as a hydroxyl radical source. Parts per million
Kirchner et a_ll. mea_sured th_e kinetics and reaction products .oncentrations of pure HONO>@9%) were generated as
from OH reactions with 1,1-dichloroethylene at low tempera- jo5criped by Febo et &.and Brust et al* HONO dissociates
tures (298-432 K) and pressures of1 Torr using electron i arily into NO and OH when exposed to near-UV radiation
impact mass spectrometry. The observed product distributions ¢ 351 hm. A competing dissociation channel, production of
were complex and indicated that CI elimination was insignifi- NO, and H atoms, has been observed to be negligible under
cant. The mass spectral ions were furthermore indicative of a g ijar experimental conditior§.A XeF excimer laser (Lamba

rgaction mechanism invo!virjg primgrily OH.addition to the £LH Physik Compex model 102) was used as the photodissociation
side of the substrate. This is consistent with the absence of Clg,/\.ca |nitial [OH} ranged from~3 x 101 to 9 x 10

elimination, which is only expected when the OH radical attacks

the CC} side or migrates there from the Glide. Zhang et

al.” measured the kinetics of the reaction of OH radicals with

1,1- and 1,2-dichloroethylene from 240 to 400 K using the flash

photolysis-resonance fluorescence technique. The reactions
were observed to be independent of pressure over a range o
5-50 Torr of argon. Their rate measurements for the dichloro-

ethylenes (11.2 and 2.50 10712 cm?® molecule* s71 for 1,1-

andtrans-1,2-dichloroethylene, respectively) compared to that ,aasured flow rates ranged from8 x 103 to ~1 x 1015

12 1 1\9; i
of ethylepe (8.06¢ 10 . cm® molecule™ s™) |n<_j|ca_tgd that molecules cms. The absence of adsorption on the injector probe
the chlorine atom deactivates the carbon on which it is attached(coated with boric acid) and reactor walls was verified using

toward OH attack while activating the carbon on the other side /s analysis. All experiments were conducted at a total
of the double bond. Abbatt and Ander8oneasured the kinetics pressure of 74@ 15 Torr. Samples of 1,1- and 1,2-dichloro-

of the reaction OH raQicals W|th 1,1- and 1,2-diCh|0roethy|ene ethylene (999% purlty) were obtained from Aldrich. GC/MS
from 297 to 367 K using the discharge flow method coupled 55 ses indicated that this purity was met or exceeded.

with laser-induced fluorescence detection. The reactivity of the 114 rate of disappearance of the OH may be presented as
chloroethylenes was observed to be considerably less than that

of unsubstituted olefinic hydrocarbons when considered in terms —d[OH]/dt = K[AJJ[OH] + ky[OH]

of the alkenes ionization potentials. This was rationalized in

terms of molecular orbital theory and the fact that the highest wherek = bimolecular rate constamd, = substrate concentra-

occupied molecular orbital is composed of carboarbons tion, andky = first-order rate for the reaction of OH with HONO

bonding and halogen atom lone-pair contributions. The attacking and also includes diffusion out of the reaction volume. This

OH radical experiences greater nonbonding interactions in therelationship holds in the absence of any secondary reactions

transition state than it does in the OH/alkene reactions, wherethat may form or deplete OH. Solution of this equation yields

the HOMO is solely carboncarbonsz bonding. [OH] = [OH]o exp —(k't), where K = k + kq. For all
Given the lack of available data above 430 K, knowledge of experiments, reactive and diffusive OH radical decay profiles

the reaction rate constants and reaction mechanisms over arexhibited exponential behavior and were fitted by the following

extended temperature range is essential to accurately predictinghonlinear expression:

the combustion behavior of these compounds. Of specific

interest to the dichloroethylenes is the relative importance of [OH] = [OH], exp—(K't) + ¢

adduct stabilization, CI elimination, and H abstraction. In this

manuscript, we present absolute rate coefficients for the reactionwherey is the constant background signal level anid the

of OH with 1,1-GH.Cl, (k;) and 1,2-GH,Cl; (k,) at atmospheric time delay between the laser pulses. Because the organic

The experimental procedures developed for LP-LIF studies

To minimize substrate photolysis at wavelengtt300 nm,

molecules cm® and was determined based on the measured
excimer fluence (918 mJ cnT?), the most recent published
value of the absorption cross-section for HONO, 1:54071°
cm?/molecule at 351 nri# a quantum vyield of unity® and
measured values of [N taken to represent [HONO] deter-
ined using ion chromatography-(1—3) x 10 molecules
cm 9.

Initial substrate concentrations in the reactor, based on

pressure over an extended temperature range: concentration was much greater than the [OH], pseudo first-
order exponential OH decays were observed and the individual
1,1-CH.CI, + OH — products k) temperature-dependent rate constants were determinkd=by
k [substrate]+ kq, where the bimolecular rate constaky,is
1,2-CH,CI, + OH — products k) the slope of the least-squares fit &f versus the organic

concentration. OH decays were measured over two to three
Arrhenius parameters are derived from the data. A comparisondecay lifetimes over a time interval of 6:30.0 ms. Values of
of these measurements with prior measurements at lowerky measured before and after a rate determination were observed
temperatures and pressures is discussed. Ab initio calculationgo be constant within experimental uncertainties, indicating that
were performed to estimate thermodynamic properties, enthal-the HONO source was stable over the course of an experiment.
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3000

TABLE 4: Absolute Rate Coefficients ;) for OH +
trans-CHCI=CHCI

2500 ¢ lolez 1012k2
R T (K) (cm®*moleculets™)  T(K) (cm® molecule! s™Y)
2000 293 224+ 0.3F 610 2.08+0.31
- 330 2.07+£ 0.27 650 2.1# 0.24
f 1500 340 1.95+ 0.13 660 231 0.21
: 380 2.14+0.18 700 2.33:0.24
1000 440 1.87+ 0.19 720 2.32£ 0.39
530 2.02+0.24
500 ,E"_K_j ; aErrors represent-2¢ and do not include the-510% uncertainty
e R S : estimated for possible systematic errors.

P . AL ] . o
0 110" 210" 310" 410" 510" 610" 710" ; . —

[CH,CCL] (molecules cm’™)

Figure 1. Plot of pseudo-first-order rate constants versus concentration
for CH,CCl, at five different reaction temperatures. Error bars for the
292 and 740 K data denote2c random error limits.

o
TABLE 3: Absolute Rate Coefficients ;) for OH + g
CH,=CCl, g
10'%, 10", E 1 ® LPILIF [This Work]
T (K) (cm® molecule s™1) T (K) (cm® molecule? s71) % W Tuazonetal
201 10.0L+ 1.00° 550 4.45% 0.43 s . L
292 9.84+ 0.37 600 3.96t 0.60 ". ‘ A Abbatt and Andersen
340 8.71+ 0.37 640 414+ 0.78 () Best Fit [This Wark, T<640 K]
378 6.65+ 0.86 680 0.80+ 0.38 9 L7~ BestFit(This Work T>700 K
383 6.67+ 0.77 700 0.19t 0.02 : ‘ , ‘ P
390 6.80+ 0.62 720 0.23: 0.03 T
440 5,70+ 0.81 750 0.320.13 _ _ o
500 4.90+ 0.54 Figure 2. Arrhenius plot of kinetic data fok;. Also shown are the

) ) results of previous studies (Tuazon et gb.= 1 atm; bath gas, 80%
aErrors represent-20 and do not include the-510% uncertainty N, and 20% Q. Kirchner et al.: p = 1-3 Torr; bath gas, He. Abbatt
estimated for possible systematic errér@H decays at low substrate  gnd Anderson:p = 55—85 Torr; bath gas, N Zhang et al..p = 35

concentration exhibited biexponential character. Torr; bath gas, Ar) and an Arrhenius fit to the data from this study

. S . (291-640 K and 706-750 K, p = 740+ 10 Torr).
Numerical modeling indicated that the dominant source of OH

decay in the absence of the substrate was the reaction with
HONO (ka9 = 4.5 x 10712 cm® molecule s71).15 Typical
values ofky decreased from-250 s* at low temperatures to
~100 s at elevated temperatures, suggesting a reduction in
the gas-phase concentration of HONO with increasing temper-
ature. A plot of kK versus substrate concentration for 1,1-
dichloroethylene at selected temperatures is shown in Figure 1.

measurements checked before and after each rate measurement
using the soap bubble method.
All known rate measurements fky are summarized in Figure
2. This work extends experimental measurement beyond the
limit of ~400 K reported previously. A variety of techniques
were used to collect these data. Examination of Figure 2 shows
agreement at room temperature, within combined experimental
uncertainties, between our work and that reported previégsty.
Rate measurements fég exhibited complex behavior with
Rate data fok; andk, were obtained from ambient temper-  negative temperature dependence at temperatures below 640 K,
atures to~750 K, under atmospheric pressure conditions. OH a rapid falloff in rate between 640 and 700 K, and an increase
signals generated from the photolysis of HONO decreased belowin rate above 700 K.
acceptable levels (S/N ratic=10) at higher temperatures, The simple Arrhenius equation adequately describes the data

indicating significant thermal decomposition of HONO. The pelow 640 K and above 700 K, and is given (in units offcm
reduction in photolytically generated OH above 750 K was molecule? s7%) by

accompanied by an increase in background LIF, apparently
because of the thermal generation of OH from the decompo_smon k,(291-640 K) = (1.81+ 0.36) x
of HONO. Sources of secondary chemistry were not evident

Experimental Results

on the basis of chemical analysis of the gas stream containing 10 *?exp (511.3+ 71.0)T
the HONO precursor¥. Concentrations of NO, N§and HCI 10
were below detection limits{1.2 x 10 molecules cm3). The k) (700-750 K) = 3.13x 10 " exp(~5176T)

OH consumption rate was thus controlled by the initial HONO

concentration, which was maintained below 3.0*3 molecules Error limits for the low-temperature data are 2alues. There

cm~3 to limit the first-order OH decay rate ts300 s is insufficient high-temperature data to calculate meaningful
Absolute rate coefficients fdg andk; are presented in Tables  error limits. The negative activation energy derived from the

3 and 4, respectively. Random error limitsZo) were below Arrhenius fit to the data below 650 K is in good agreement

15% at most temperatures. Rate measurements were collectedvith the previous studies of Zhang et’aand Abbatt and

for a wide range of initial concentrations and included an order Andersefi (<0.3 kcal mol ! deviation). However, there is some

of magnitude concentration difference for each series of runs. discrepancy between our measurements and those of Kirchner

Substrate partial pressures were measured with a capacitancet all (~1.7 kcal mot? deviation). It is possible that in the

manometer. Substrate concentrations were based on total flowlow-pressure measurements of Kirchner et ahte measure-
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10- ‘ — - treated as hindered rotors using the internal rotational treatment
‘ | S LPLF e o | advanced by Pitzer and Gwirit.
_ |+ Aokt and Anderson The rate coefficients for each pathway can be expressed, in
"o 4 Tuazonetal general terms, using transition state theory (885 shown
s Best Fit [This Work]
3 - below:
3
< L, k = (k,T/h) exp(ASR) exp(— AH'/RT) (1)
L | *
o (XX ¢
2 x s whereh is Planck’s constank; is the Boltzmann constant, and
= ASFis equal 10208 15 — S°2908 reactant THiS expression is then
| fitted by three parameterB, n, andC, over a temperature range
1 1 of 200—2000 K, as expressed below:
I i i |
1 1.5 2 10002..5('(-1) 3 3.5 4 k — B(T)n exp(_C/R-l-) (2)

Figure 3. Arrhenius plot of kinetic data fok,. Also shown are the ~ QRRK analyse¥-?” for k(E), combined with the modifiegh
results of previous studies (Tuazon et gh.= 1 atm; bath gas, 80%  collision analysis of Gilbert et at8 were used to predict the
Nz and 20% Q. Abbatt and Andersonp = 55—85 Torr; bath gas, N pressure-dependent rate constants.
Zhang et al.:p = 35 Torr; bath gas, Ar) and a three-parameter modified o e :
Arrhenius fit to the data from this study (29320 K,p = 740+ 10 Variational transmon state theory (VTST) CalCUIaFlan were
Torr). performed to estimate the rate constant for OH addition to 1,1-
andtrans1,2-dichloroethylene at the high-pressure limit. The
ments fork; were obtained under pressure falloff conditions Calculations were carried out as follows. First, the |ntrr|]n5|c
(see the Modeling Results section). reaction coordinates (IRC§) for the addition of OH to each end
. - of the C=C bond were defined at the HF/6-31G(d,p) level near
All known rate measurements fky are summarized in Figure . . . ) )
. . the saddle point region. At various fixed-© separations along
3. This work extends experimental measurements beyond the 4 ;
. . L . the IRCs, frequencies were obtained normal to the IRC, also at
limit of ~400 K reported previously. Examination of Figure 3

shows excellent agreement at room temperatutd 0@6) the HF/6-31G(d,p) level of theory. The results were scaled by

between our results and those reported previously by Zhang o factor of about 0.9. (A factor of 0.901 was employed, derived

al.” and Abbatt and AndersdiiThe previous room-temperature from scgtllmg to match_ observed frequencies fQHQ. CZCI‘?’
. . and OH#Y) Then energies were computed at the spin-projected
rate measurements of Tuazon ef alsing the relative rate

method were~18% lower than our measurements. Rate P.MP4/6'313’L(.3(d’p) level, rela'give to reacta |t§The§e ener-

measurements fde exhibited a slightly negative or near-zero gies, geometries and frequencies were used to derive canonical
2 . .- TST rate constants as a function of position along the IRC. At

temperature dependence below 500 K and a slightly positive . . .

or near-zero temperature dependence above 500 K. The modifie ag:h temperature, the VTST result. was obtamed by |nterpolgtlon

Arrhenius equation yielded a better fit to the data than the simple 0 find the minimum rate constant, i.e., the point where the Gibbs

. . N : . 1 energy of activation is maximized.
Arthenius expression and is given (in units of cmolecule These VTST results correspond to the high-pressure limit for

—1

s by OH addition, where the initially formed excited adduct is always
. stabilized by collisions. At finite pressures, some fraction of

Ky(293-720 K) = (9.75+ 1.14) x the excited adducts can dissociate back to reactants before

10 1BTH7#005 ey n (7274 46)T collisional stabilization or fragmentation, and thus, the observed
rate constant is likely to be smaller than the calculated one. At

Error limits are 2 values. The near-zero activation energy below @ given pressure, this effect will become more pronounced at
400 K is in good agreement with the previous studies of Abbatt elevated temperatures, because the reaction moves further from
and Anderséeh(see Figure 3). Zhang et &keported a larger  the high-pressure limit.
negative activation energy o£0.6 kcal mot?l. However, the The variationally located transition states lie at@ separa-
respective temperature dependencies of the study of Zhang etions approximately 0.05 A smaller than the local energy
al’” and this study are statistically identical between 298 and maxima along the IRCs. As may be seen from Figure 4 (top)
400 K. for 1,1-dichloroethylene, the variational TS fBraddition lies
in a region approximately 2 kcal mdl below the reactants’
energy, whereaa addition (at the CGlend) requires overcom-
ing a positive barrier of arount2 kcal mol™. Thea addition

The composite ab initio calculation method, G3(MP2)as channel is also found to be somewhat less favorable in an
used to calculate thermodynamic properties of reactants, inter-entropy context as well (the preexponential factBimg") is
mediate radicals, transition states (TSs), and products with theapproximately 9 times smaller at 298 K, see Table 5). Figure 4
Gaussian 9% and Gaussian 98computer codes. The enthalpies  (bottom) shows the reaction path for OH additiortrans-1,2-
of formation of the reactants were obtained from the litera&trg. dichloroethylene and indicates a significant computed barrier
The enthalpies of formation of intermediate radicals, TSs, and which is discussed in the following section.
products were determined by the energy differences from the The derived VTST rate constants are plotted in Figure 5. For
reactants, calculated by G3(MPZ)YZPE and thermal correction  1,1-dichloroethylene, thex channel has a simple positive
were incorporated to estimate enthalpies of formation at 298 temperature dependence. Thehannel is more important at
K.23 Entropy and heat capacity were calculated based on theall temperatures and has a more complex behavior. The negative
geometry optimized with MP2(full)/6-31G(d), and frequencies relative transition state energy contributes to a negative tem-
were calculated with the HF/6-31G(d) level of theory using perature dependence for the rate constant, an effect which
statistical mechanics. The internal rotational motions were dominates at low temperatures, whereas increases in temperature

Theoretical Approach
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Figure 4. (top) Classical energies (no ZPE) relative to GHCH,-

CCl, for addition of OH at the Cklend {3 site, open circles) and the
CClL end ( site, solid circles), calculated at the PMP4/6-3Q(d,p)//
HF/6-31G(d,p) level of theory, together with molecular structures along
the reaction path. (bottom) Classical energies (no ZPE) relative to OH
+ transsCHCICHCI for addition of OH, calculated at the PMP4/6-
311+G(d,p)//HF/6-31G(d,p) level of theory, together with molecular
structures along the reaction path.
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Figure 5. Ab initio high-pressure limit rate constants for the addition
of OH to chlorinated ethylenes: solid line, GHCH,CCl, (o channel);
dashed line, OH+ CH,CCl, (8 channel); dotted line, OH- trans
CHCICHCI (see text). OH torsion about the forming-O bond was
treated as a vibrator.

more rapidly increase the partition function of the loose TS as

Yamada et al.
CH,CChL, + OH
(@)
keal/mol TS1*
20 = CU2CCR-01
- ez (1) 183
Ton Ea= 17
10
(100, CH2CCL2(OH)
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0- T2
— CH2CCIOH + €1
CH2CCI2(0H)
S0 — (-16.0) 5:3)
Ea=435
20 - /\ (20.5) CH3CC1R20.
(263 ] CHACCROM)
CH2CIC.CIOH CH3CCIO + 1

40 —
* E, shown is VTST fitted parameter, not from direct G3(MP2) calculation. See text.

®
T$3

TS2%%
CCRCHOH)—-H

205) CCRRCH20H
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TS6* [a=39.9 (94
S Ea=40.5
20 - CCRCH-H-OH TS4
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as 121
Fa=32 CCR=CH(OR) wen
+H y 85
Iy g‘;\ 8.2) 8—:)(),12———(,){20
8 g T
CHacazO CHCRCHO  Fa=146
CCRCC +
0 - +H20* é H
5.2) f CHCI2 + CH20
# cHeramo.
a0 —

20 — 781 C.CI2CH20H
CCI2CH2-GH* ¢21.1)
B )
Ea=-16

*  Calculated based on CBS-Q energy
**  Estimated from TS4. See text.
#¥%* E, shown is VTST fitted parameter, not from direct G3(MP2) calculation. See text.

Figure 6. Potential energy diagrams for the OH addition to/CBl,.
(a) o site, (b) site. Energies aréH°,9s in kcal mol™.

The rate constants for the reverse reactions, dissociation of
adducts back to reactants, were calculated based on the VTST
forward rate using the principle of microscopic reversibility.

Modeling Results

Thermodynamic properties of reactants, intermediate radicals,
and TSs estimated based on G3(MP2) calculation results are
given in Table 5. The activation energies for H atom abstraction
reactions were calculated using both G3(MP2) and CBS-Q
composite ab initio theor§? The activation energies for H atom
abstraction reactions using G3(MP2) were 8.69 and 6.92 kcal/
mol at 0 K for 1,1- and 1,2-dichloroethylene, respectively,
whereas the CBS-Q calculation yielded values of 5.36 and 3.78
kcal/mol & O K for 1,1- and 1,2-dichloroethylene, respectively.
The CBS-Q value was considered more accurate based on its
consistency with the high-temperature 1,1-dichloroethylene data.
G3(MP2) calculation results for all compounds which are
involved in the reaction path analysis are given in Table 6.
CBS-Q calculation results for the H atom abstraction reactions
are also shown in Table 6.

Figures 6 and 7 present potential energy diagrams at 298 K
for 1,1- and 1,2-dichloroethylene, respectively. Energy levels
shown are based on G3(MP2) calculation results with the
exception of the entrance channels, the H atom abstraction
channels, and H atom dissociation to form &8CHOH (TS2
in Figure 6b). Because the TS2 energy level was calculated to
be 0.7 kcal moi! lower than the product energy level, the
activation energy obtained for an analogous reaction, i.e., the
reverse of TS4 in Figure 6b (3.9 kcal mé&), was applied to

compared to the reactants, leading to increasing rate constant§ S2 and the energy level was thus estimated to be 20.8 kcal

at higher temperatures.

mol~1. The entrance channel is based on the VTST calculation
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TABLE 5: Thermodynamic Properties of Reactants, Intermediate Radicals, and TSs for the CH#=CCl, + OH and
CHCI=CHCI + OH Reaction System

AHf,@  §298f Cp(300Fy Cp(400) Cp(500) Cp(600) Cp(800) Cp(1000) Cp(1500) symretrysource

CH,CCl, + OH
Alpha Channel
CH2CCI2 —3.06 68.84 16.02 18.71 20.77 22.36 24.67 26.27 28.68 2 G3(MP2)
OH 9.3 43.88 7.17 7.09 7.06 7.06 7.15 7.33 7.44 1 ref 21
C.H2CCI20H —23.3 85.93 23.73 26.86 29.11 30.78 33.15 34.84 37.56 2 G3(MP2)
CH3CCI20. —-18.9 78.92 21.66 24.91 27.52 29.62 32.78 35.01 38.34 3 G3(MP2)
CH2CIC.CIOH —29.0 86.19 21.30 24.58 27.18 29.20 32.11 34.14 37.25 1 G3(MP2)
TS2 —-18.7 81.41 21.31 24.40 26.78 28.63 31.32 33.24 36.25 1 G3(MP2)
TS3 —3.6 76.74 20.79 24.61 27.57 29.84 33.03 35.13 38.06 1 G3(MP2)
CH,CCl, + OH
Beta Channel

C.CI2CH20H —23.8 83.91 21.72 25.10 27.68 29.65 32.47 34.43 37.42 2 G3(MP2)
CHCI2CH20. -13.1 82.29 20.70 24.33 27.24 29.51 32.80 35.08 38.40 1 G3(MP2)
TSZ 13.2 86.57 23.78 27.12 29.42 31.03 33.14 34.53 36.63 1 G3(MP2)
TS3 171 78.09 19.57 23.30 26.38 28.83 32.33 34.66 37.86 1 G3(MP2)
TS4 9.4 83.36 22.28 25.80 28.45 30.44 33.19 34.99 37.53 1 G3(MP2)
TS5 1.2 84.58 21.36 24.50 26.97 28.88 31.68 33.66 36.66 1 G3(MP2)
TS6 11.7 86.18 23.88 27.11 29.44 31.15 33.5 35.06 37.39 1 CBS-Q

CHCICHCI+ OH
CHCICHCI —2.5 69.45 15.92 18.45 20.51 22.14 24.51 26.15 28.57 2 G3(MP2)
C.HCICHCIOH —26.7 86.82 21.73 25.04 27.60 29.55 32.33 34.28 37.30 1 G3(MP2)
CH2CICHCIO. -16.5 82.85 20.54 24.21 27.14 29.42 32.73 35.01 38.33 1 G3(MP2)
CHCI2C.HOH —23.2 86.45 21.51 24.76 27.31 29.27 32.13 34.13 37.22 1 G3(MP2)
TS2 —-16.9 82.70 20.81 23.75 26.17 28.12 30.96 32.98 36.12 1 G3(MP2)
TS3 15.6 87.31 23.21 26.58 28.94 30.61 32.84 34.31 36.51 1 G3(MP2)
TS4 11.8 78.26 19.52 23.42 26.55 29.00 32.47 34.74 37.88 1 G3(MP2)
TS5 0.5 84.08 21.67 25.37 28.12 30.17 33.20 34.86 37.46 1 G3(MP2)
TS6 —-8.7 84.96 21.35 24.66 27.16 29.06 31.80 33.73 36.67 1 G3(MP2)
TS7 10.6 86.65 23.68 26.77 29.10 30.84 33.28 34.90 37.31 1 CBS-Q

2 Enthalpies of formation at 0 K, unit in kcal/mdlEntropy at 298 K, unit in cal/mol K¢ Heat capacity at 30& T/K < 1500, unit in cal/mol
K. 9 Symmetry number included in the entropy calculatidbBEstimated based on literature valueAdfi;®,0¢2 and temperature correction 298 K
calculated using HF/6-31G(d) determined frequencies scaled by 0.8B8%humbers correspond to potential energy diagrams in Figures 6 and 7.
TS1 is not shown; the rate was calculated based on VTST (see%@&slimated based on literature valueAdfl;°,95,2° and temperature correction
298-0 K calculated using HF/6-31G(d) determined frequencies scaled by 0.8929.

CHCICHCI + OH (d,p) theory works well for the other chlorinated ethylenes as

CHCICCLOTNT

¢ seen in this work and elsewhéel®&12 Potential sources of error
reatimol cnecaon | S include deficiencies in the correlation treatment and basis set
® o v O con size, but implementation of sufficiently high levels of theory is

+OH/t (14.0)
1 Ea=36

craciccio nontrivial. Preliminary studies at the QCISD(T)-based G3(MP2)
o level yielded an even higher barrier of about 3 kcal Thpso
presumably, much more demanding correlation treatments and/

lif’zzc)l..mm or basis sets are needed. Another source of error might be

TS5
CH2CICHO-H
@7

Ea=170

i
p I
CHCICHCT , CHCIC--H--OH {27 Ea=38.0
- § e

i

i

H

L CHCIeQl
+ H20*

CHCICHOH  §
(1.3) +C1

s2 CH2CICHO

Croion | v ay pEa-ti incorrect geometries along the reaction coordinate. However,
o cas | : for the simplest analogue, OH C,H,, we have found that the
- \ caneeico aico HF/6-31G(d,p) values, as used here, closely match QCISD/6-
gt | 311G(d,p) values (and do so much better than MP2-based
- i;}‘éﬁ}f”f’""” CHACHAON (242 geometries). Without a clear resolution of the origin of the
27 cucucwon qualitatively incorrect VTST rate constants for OH trans
% Calculated based on CBS-Q energy CHCI=CHCI, subsequent kinetic modeling of this reaction was

** E, shown was estimated based on experimental results, not from direct G3(MP2) calculation. See text.

Figure 7. Potential energy diagrams for the OH additionttans-
CHCICHCI. Energies aréH¢°29g in kcal mol™.

instead based on a temperature-independent rate constant of
2.0 x 10712 cm?® molecule’® s71. This value is a composite of

all prior measurements df, at low temperatures. Ab initio
results and the H atom abstraction channel is based on theY S ' data were employed for the entrance channels for the
CBS-Q calculation results. other pathways.

Tables 7 and 8 present the high-pressure-limit Arrhenius  Figures 8 and 9 present a comparison of the experimental
parameters for the various OH addition reaction pathways for data with QRRK predictions in Arrhenius form pt= 1 atm
1,1-dichloroethylene andrans-1,2-dichloroethylene, respec- for OH addition to 1,1-dichloroethylene and 1,2-dichloroeth-
tively. For trans-1,2-dichloroethylene, our energy calculations ylene, respectively. For 1,1-dichloroethylene, the agreement
along the reaction coordinate yielded a larg2.5 kcal mof? between the overall forward rate for tRehannel (represented
classical barrier to reaction (see Figure 4b). This is incompatible exclusively by the stabilization rate) and the experimental data
with the observed rate constants and, for example, implies ais excellent between 293 and 640 K. The reverse reaction begins
room temperature rate constant nearly 3 orders of magnitudeto dominate above 650 K and is responsible for the rapid drop-
lower than that measured. We do not have a simple explanationoff in the observed bimolecular rate coefficients between 640
for the overestimated barrier. Spin-projected PMP4/643%&1 and~700 K. The well depth for thg-channel was reduced by
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TABLE 6: Calculated Energy of Reactant, Intermediate
Radicals, and Products at 0 Kk

G3(MP2) CBS-Q

CH2CCI2+ OH ~

Alpha Channel Y
CH2CCI2 —996.75312 —996.73466 3
OH —75.65469 —75.64887 E
C.H2CCI20H —1072.45502 "5
CH3CCI20. —1072.44796 EX ‘\ . % P ———
CH2CIC.CIOH —1072.46400 5 0.1 \ ‘\\ 8 Slabi\izgio: Rate (B site)‘
CH2CCIOH —612.74403 e movores Rate (8 sl
CH3CCIO —612.77840 \‘.:;‘ -— §0|2CH:Ht+ Sm‘siﬂ |
|(_|:| 4_5%%%]%21 \\ *_:\t--cmccwo»-«+C|(asite) i
TS1 ~1072.40189 oo 1N e
TS2 —1072.44758 ’ ' 10007 UK) ’ '
TS3 —1072.42362

CH.CCh + OH Figure 8. Comparison of experimental results with the QRRK model

B Zt Czh | results fork; (p = 1 atm). Shown are the stabilization rate, reverse rate
C.CI2CH20H —ioa72 Ag;geg and H elimination channel for the site, and the chlorine elimination
CHCI2CH20 _1072.4387 channel for thex site. Also shown is the ab initio based TST calculation
CCI2CHOH ) —1071'89554 of the H-atom abstraction channel.
CHCI2CHO —1071.9091 10
CH20 —114.35303
C.HCI2 —958.0752438
CCI2C.H —996.07095 —996.05536 -s . o
H20 —76.34241 —76.33648 N e . st
TS1 —1072.40777 o 1
TS2 —1072.4029 H
TS3 —1072.39067 E - o
TS4 —1072.4029 e ®  LPILIF [This Work] ‘
TS5 —1072.41594 & ——— CHCI=GHOH + Gl . JET
TS6 —1072.393966 —1072.37499 2 01 | ~ - SwblizalonRate T
* e Reverse Rate : A1
CHCICHCI+ OH N T H Abstr. [This Work] .7

CHCICHCI —996.75284 —996.73471 g
C.HCICHCIOH —1072.46101 e
CH2CICHCIO. —1072.44474 001 e s e
CHCI2C.HOH —1072.45542 0.5 1 15 2 25 3 35
CHCICHOH —612.74013 1000/T (K™
gﬂgé?gL%H _Egzéggéﬁ Figure 9. Comparison of experimental results with the QRRK model
CH2CICCIO 71071'92910 results fork, (p = 1 atm). Shown are the chlorine elimination rate,
CHCIO _573'53045 stabilization rate, reverse reaction, hydrogen elimination channel, and
C.H2Cl 7498:91605 the ab initio based TST calculation of the H-atom abstraction channel.
CHCIC.CI —996.07837 —996.06222
TS1 —1072.40501 the formation of CH=CCIOH. At temperatures approaching
TS2 —1072.44537 2000 K, OH addition to thes site followed by H elimination
%2 jggggg% produces CGHCHOH. The rate of formation of these chemi-
TS5 ~1072.41766 cally activated reaction products is small compared to the
TS6 —1072.43222 predicted rate of H-atom abstraction (see below). It should be
TS7 —1072.39650 —1072.37756 noted thato. and 8 addition pathways can only be considered

aUnit in Hartree. TS numbers correspond to potential energy separately if OH migration between the carbon atoms does not

diagrams in Figures 6 and 7. occur.
Figure 9 also illustrates the QRRK estimated temperature-

2 kcal mol? to improve the fit to the data above 500 K. This dependent reaction rate constants for 1,2-dichloroethylene. The
is well within the uncertainty of the ab initio calculations and dominant product is CHEtCHOH, formed by OH addition
is consistent with an estimate of the enthalpy of formation of followed by CI atom elimination. The stabilization reaction
the CH(OH)CCh adduct based on equilibrium considerations accounts for<10% of the overall rate at room temperature and
observed in the experimental measurements between 640 andbecomes less significant at higher temperatures. The reverse of
700 K (see below). For 1,2-dichloroethylene, the excellent OH addition is insignificant under all reaction conditions.
agreement between the overall forward rate (the sum of the Figures 8 and 9 also present TST calculations for the
stabilization and chlorine elimination channels) and the experi- respective H-atom abstraction channels for 1,1-dichloroethylene
mental data is fortuitous because of the lack of any substantialand 1,2-dichloroethylene, respectively. For 1,1-dichloroethylene,
temperature dependence in the measurements. a CBS-Q composite ab initio calculation yielded an activation

Figure 8 also shows the QRRK estimated temperature- energy of 5.16 kcalmol. A <1 kcal mol! barrier increase
dependent reaction rate constants for 1,1-dichloroethylene. Theand the entropy of activation calculated from the ab initio-based
predicted dominant product is CCH,OH, the stabilized geometry of the transition state yield a rate (see Table 5) that
product formed by OH addition to the site. OH addition to is in good agreement with the experimental measurements
the a site becomes important above 1000 K. Above 1000 K, between 700 and 750 K. This contrasts with the QRRK-based
OH addition to thea site followed by Cl elimination leads to  Cl elimination channel (OH attack at thesite) that is a factor
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TABLE 7: QRRK Input Parameters Rate Constants for OH Addition to CH ,=CCl,

A. a sitet
B C
reaction (st or cn¥/(molecule)) n (kcal mol?)
1 CH,CCl, + OH = CeH,CCI(OH) 3.26x 1072 2.44 1.73
—1 GoH,CClL(OH) = CH,CCl, + OH 1.19x 10w 0.82 32.60
2 CoH,CCLOH = CH,CICsCI(OH) 3.04x 104 0.23 4.80
—2 CH,CIC+CI(OH) = C+H,CC|,OH 9.73x 10° 0.82 10.40
3 G H,CClL(OH) = CH:CCIO + Cl 6.39x 108 0.77 19.06
4 CH,CICsCIOH = CH,CCIOH + CI° 3.90x 101 0.00 18.70
5 CoH,CClL(OH) = CH,CCIOH + CI¢ 3.90x 108 0.00 24.50
B. A site
B C
reaction (st or cn¥/(molecule/s)) n (kcal mol)
1 CCLCH, + OH = CeCI,CH,(OH) 5.28x 10718 2.00 —1.60
—1 CsCl,CHy(OH) = CClL,CH, + OHP 3.02x 10/ 211 26.48
2 CoCl,CH,OH = CHCI,CH,0e 2.96x 10 0.81 40.80
—2 CHCLCH,0e = CeCI,CH,OH 1.78x 10% 0.70 30.13
3 GsCl,CHx(OH) = CCLCH(OH) + H 5.83x 104 0.65 38.02
4 CHCLCH,Oe = CHCIL,CHO + H 9.81x 1 1.41 22.70
5 CHCLCH,Oe = CeHCI, + CH,O 2.29x 1012 0.51 15.08
6 CCLCH; + OH= CCl,=CeH + H,O 3.06x 1077 2.00 6.00

aGrouped geometric mean frequencies of the adduct with effective degeneracies: 3641(2.8i6), 1137.1 cmt (4.688), 3270.5 cmi (2.936).
Lennard-Jones parameters: £HLOH adducto = 5.198 A, e/k = 533.08 K; He bath gass = 2.576 A, e/k = 470.00 K.» Rate was estimated
based on forward rate constant and principle of microscopic reversilsiftsrhenius A factor for Cl elimination reaction was adopted from the
reaction: GH4Cl — C,H4 + ClI, ref 33.9 Grouped geometric mean frequencies of the adduct with effective degeneracies: 150.@.827),
710.1 cm! (8.386), 2178.9 cmt (4.287). Lennard-Jones parameters: OELOH (adduct),c = 5.198 A, e/k = 533.08 K; He (bath gasyy =
2.576 A, e/k = 470.00 K.

of 4 lower than experimental measurements above 700 K. o

Experiments where Cl atoms were intentionally generated from 10

the 193 nm photolysis of 1,1-dichloroethylene suggest that the e
Cl atom elimination channel is not attributable to the experi- A AT AT e
mental data above 700 K. The Cl atoms result in a series of e
secondary reactions that resulted in an effective bimolecular rate
constant on the order of & 1 x 10713 cm® molecule s

This rate was observed to be temperature-independent between
700 and 900 K. Kinetic isotope measurements for 1,1-dichlo-
roethylene at 720 K were inconclusive and were not repeated

-

—@— Stabilization (0.001 atm)
—i— Stabilization (0.01 atm) 0
—&— Stabilization (0.1 atm) )
—&— Stabilization {1 atm)

0.1

k*10' (cmsmolecule“s")

) 0.01 -~ Reverse Rxn (0.001 atm) | 2-..
because of the high cost of the deuterated standard. For 1,2- - Reverse Rxn (0.01 atm) e
dichloroethylene, a similar CBS-Q composite ab initio calcula- L v et 2ty
tion yielded an activation energy for this reaction of 3.6 kcal 0.001 L& Kehwersta
mol~1. This barrier and the entropy of activation calculated from 05 1 15 2 25 kS 35

the ab initio-based geometry of the transition state yield a rate 1000/T (17K)

(see Table 6) that is a factor of 40 lower than experimental Figure 10. Arrhenius plot of the QRRK model results fkyat 0.001,
measurements at 400 K and a factor of 2 lower than experi- 0-01, 0.1, and 1 atm. Shown are the adduct stabilization channel and

mental measurements at 720 K. These calculations (and thethe reverse reaction for thisite.

experimental measurements for 1,2-dichloroethylene) indicate gichloroethylene. The modeling results indicate that all prior
that the H-atom abstraction channel is not important below measurements (including this study) were obtained in the falloff
temperatures o800 K. At higher temperatures, H abstraction  region at temperatures at and above room temperature. Prior
is the dominant OH reaction mechanism for both of these measurements of this reaction (typically at room temperature)
chloroethylenes. _ _ _ at pressures ranging from1—5 Torr to ~25—-50 Tor# did

The predicted reaction mechanism for 1,1-dichloroethylene ot exhibit pressure effects. This was likely due to a lack of
is consistent with the low temperature product analysis previ- gyfficient accuracy to resolve the QRRK predicted 10 to 20%
ously reported by Kirchner et &The dominant reaction product  change in rate constant with increasing pressure at these low
was the stabilized adduct from OH attack at thsite. There temperatures. As shown in Figure 10, the larger negative
was little evidence for Cl atom elimination reactions. The only temperature dependence observed in the measurements of
previous product study for 1,2-dichloroethylene involved the kirchner et alt can be explained because of pressure effects.
smog chamber study of Tuazon et®akTIR measurements The crossover between stabilization and reverse (redissocia-

indicated that CI elimination reactions were occurring. HOWeVer, ion) channels shown in Figure 10 indicates that equilibration
the experimental conditions of the smog chamber experimentssq, the addition channel

are more complex than those modeled in this study, and a direct
comparison of observed reaction products with the QRRK- CH,=CCl, + OH < CH,(OH)—CCl, (k;,k_;.)
predicted results presented here is not valid.

Figure 10 illustrates the effect of pressure on the QRRK becomes important in the 66000 K regime, consistent with
estimated adduct stabilization reaction (and the reverse) for 1,1-the sharp drop observed in the total rate constanthe decays
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TABLE 8: QRRK Input Parameters Rate Constants for OH Addition to transsCHCI=CHCI?

B C
reactions (s~tor cn®/(molecule s)) n (kcal molt)
1 CHCICHCH-OH — C.HCICHCI(OH) 2.00x 107%? 0.00 0.00
—1 CHCICHCI(OH)— CHCICHCH-OHP 1.44x 10%° —2.13 35.76
2 C.HCICHCI(OH)— CCLHC.H(OH) 2.43x 101 0.33 10.21
—2 CCLHC.H(OH) — C.HCICHCI(OH) 1.65x 10 0.41 6.67
3 CHCICHCI(OH)— CH.CICHCIO 3.33x 10% 0.92 38.32
—3 CH,CICHCIO — C.HCICHCI(OH) 7.58x 10° 0.79 28.37
4 CHCICHCI(OH)— CHCI=CHOH+-CI 3.90x 1013 0.00 21.70
5 C.HCICHCI(OH)— CHCI=CCIOH+H 6.87x 10° 1.24 42.43
6 CHCLC.HOH — CHCI=CHOH + CI¢ 3.90x 108 0.00 18.18
7 CHCICHCHOH — C.CICHCI + H,0O 3.10x 1017 2.00 3.60

aGrouped geometric mean frequencies of the adduct with effective degeneracies: 338(7.46), 1110.1 cm' (6.52), 3222.0 cm* (3.02).
Lennard-Jones parameters: CHCICHCIOH (adduct 5.327 A, e/k = 469.42 K; He (bath gas)y = 2.576 A, e/k = 470.00 K.’ Rate was
estimated based on forward rate constant and principle of microscopic reverstliithenius A factor for Cl elimination reaction was adopted

from the reaction: eH,Cl — C,H4 + CI, ref 33.

14
1.2 +-

14
0.8
0.6 —
044 — S
029 — - —

0 .
0 2000 4000 6000 8000
t / microsec
Figure 11. Biexponential OH decay and resulting fit to the data
using reaction&i, k-15 andky and eq 3 (see text]. = 680 K, [CHx-
CCh]o = 3.35 x 10" molecules cm?.

+s
—s(calc)

signal

at 680 K, in the middle of the drop-off region, show modest
deviations from simple exponential behavior. If they are forced
to fit pseudo-first-order kinetics, the resulting value lies

the background$,, andk-;, as the only adjustable parameters.
k; was set to 3.84«< 10712 cm?® molecule’* s™* from a small
extrapolation of the Arrhenius expression derived for-2640
K. k-1ais not determined very precisely: the derided,values
range from 1000 to 2100°$and their mean is 155@ 510 s'*
(£20 of the mean), but these data do permit precise determi-
nation of the adduct binding energy. The concentration equi-
librium constant for the adduct formation channel Ka= ki4
K-1a is 2.5 x 10715 cm® molecule® at 680 K. Relative to a
standard state of 20Pa,Keq= 2.6 x 10*. Use of AS= —28.2
cal K~ mol~? derived from the data in Table 7, together with
AG = —RTIn Keg = AH — TAS, implies AH = —32.9 kcal
mol~. We allow for a factor of 3 uncertainty iKeq to obtain
error limits of £1.5 kcal mot™,

Correction of thisAH to 298 K and using th€, data (Table
7) yields a C-O bond dissociation enthalpy (BDE) of 3248
1.5 kcal motL. This correspondsta 0 Kvalue of 31.9+ 1.5
kcal moiL. An independent test of the BDE for O 1,1-

between the values at 640 and 700 K (see Table 3). For a moredichloroethylene effect comes from the data of Table 3, which
detailed analysis of the equilibration region, we considered the imply BDE,gg = 31.3 kcal mof?. These values are somewhat

following mechanism:

OH + CH,CCl,— adduct k,,
adduct— OH + CH,CCl, k_,,
OH—loss ky

This is a simplified form of a similar mechanism analyzed by
Wine and co-worker&? and the corresponding expression for
the fluorescence sign& is

S = backgroundt+

S)(kfla—i_ Ay) exr)allt) _ ikf1a+ o) eXpiat) @)
1742

where§ is the total signal at timg the background is a constant
arising from scattered ligh& is the LIF intensity at = 0, and
A1 and A, are given by

_ —ady/a’ - Akk,

;Ll,Z - 2

wherea = k-1, + kg + kidCH>CCl].

larger than the BDE determined by Fulle et3alfor the
analogous OHF ethylene adduct, of 29.4 1.4 kcal moi? at

0 K. Apparently, chlorine substitution stabilizes to a small degree
the radical center in the adduct.

Summary

New atmospheric pressure, absolute rate measurements are
presented for the reaction of OH radicals with 1,1-dichloroeth-
ylene ;) andtrans-1,2-dichloroethylenekg). The new kinetic
measurements (and modeling results) are consistent with prior
lower temperature measurements for both substrates. The data
for k; (below 640 K) andk, were successfully modeled by
conducting an ab initio based reaction pathway analysis based
on an OH addition mechanism. Variational TST calculations
of the entrance channel were consistent with the experimental
measurements fdq but incorrectly predict a significant barrier
for addition of OH totrans-1,2-dichloroethylene. The reason
for the discrepancy for the second reaction is unclear. Adduct
stabilization was found to be the dominant mechanism for 1,1-
dichloroethylene below 700 K, hence, the observed negative
temperature-dependence. Analysis of equilibration in this system
yields a C-O bond dissociation enthalpy of 328 1.5 kcal
mol~! at 298 K, a value confirmed by ab initio calculations. CI
elimination was found to be the dominant mechanisnirims

The decays at 680 K were analyzed as follows with a resulting 1,2-dichloroethylene at all temperatures. Ab initio based TST

fit shown in Figure 11. Firsky was fixed from a run with [Cht
CClL] = 0 by a fit of S to a simple exponential decay plus
background. The remaining decays were fit directly to eq 3 with

calculations for the respective H-atom abstraction channels
indicated that this mechanism is important at temperatures above
700 and 800 K fok; andkp, respectively. At flame temperatures,
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H atom abstraction will be the dominant mechanism of OH  (11) Tichenor, L. B.; El-Sinawi, A.; Taylor, P. H.; Yamada, T.; Peng,
attack for both substrates. J.; Hu, X.; Marshall, PChemospher@001, 42, 571.

. L . . L (12) Tichenor, L. B.; Lozada-Ruiz, A. J.; Yamada, T.; EI-Sinawi, A,;
Just prior to submitting this manuscript for publication, we 1. p H.- Peng, J.; Hu, X.; Marshall, Proc. Combust. Ins200Q 28,

became aware of a recently published room temperature study149s.

of the OH-initiated oxidation of the chlorinated ethyled&$his (13) Febo, A.; Perrino, C.; Gherardi, M.; Sparapani,BReiron. Sci.
experimental study, using the discharge-flow technique, also Technol.1995 29, 2390. _ .

reported measurements of Cl atom production following the OH- Engilrﬁ)n.BerSB éAzi ?3 Becker, K. H.; Kleffmann, J.; Wiesen, Rmos.
initiated reaction. For 1,2-dichloroethylene, the room temper- (15, WoIIenha’upt, M.: Carl, S. A.; Horowitz, A.: Crowley, J. BL.Phys.
ature chlorine atom yield was essentially unity, whereas for 1,1- Chem.200Q 104, 2695.

dichloroethylene, the chlorine atom yield was essentially zero.  (16) Cox, R. A.J. Photochem1974 3, 175.

The ClI atom yields and the room-temperature rate constants _(17) Curtiss, L. A;; Redfern, P. C1. Chem. Phys1999 110, 4703~

for OH reaction with 1,1- and 1,2-dichloroethylene are consistent (1é) Frisch, M. J.: Trucks, G. W.: Schlegel, H. B.; Gill, P. M. W.:
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