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The F+ CH;COCI and H+ ICH,COCI reaction systems were studied by the infrared chemiluminescence
method in a flow reactor. The primary reaction oftF CH;COCI gives a nascent HFY distribution of
P1—P; = 21:52:27. A linear surprisal analysis gives £ 3 and {,(HF)J= 0.60, which is typical for H
abstraction reactions by F atoms. The-I& bond energy in acetyl chloride is estimated €%01.2 kcal
mol~1, from the highest HR( J) level populated in the primary reaction. The-HICH,COCI primary
reaction leads to H+ CH,COCI. The secondary f CH,COCI and H+ CH,COCI reactions give chemically
activated FCHCOCI*/CH;COCI* molecules. The 1,2-HCI elimination channel is the dominant unimolecular
pathway for both reactions under our experimental conditions. Thed@igtribution from CHCOCI* is
P1—P, = 39:32:20:9. Surprisal analysis was used to estimate g¢halBe as 36% andi,(HCI)(l= 0.12. The
reaction time had to be increased fram®.2 ms to>0.5 ms to record the HGIf emission from F+ CH,-
COCl, and the best distribution wag-HP, = 68:24:5:3. The estimateld,(HCl)Owas only 0.06 which is a
lower limit due to HCIg) relaxation. The CQ(= 1— 0) emission could also be observed from this reaction
with an intensity that was typically less than 10% of the HLEmission. Ab initio calculations for FGH
COCI at MP2/6-31G* level give the threshold energy for HCI elimination as 61 kcal'mahich is 12 kcal
mol~! larger than that for CBCOCI at the same level. The threshold energies for the other reactions of
FCH,COCI are 81.0 for CO elimination, 82.5 for-€C dissociation, and 78.4 for-&Cl dissociation. RRKM

and ab initio calculations indicate that CO formation results from the J&CH|I— FCH, + COCI dissociation

step followed by COCH CO + Cl. For CHCOCI*, with 105 kcal mot* energy, HCI elimination accounts

for 98% of the total reaction and-€C dissociation accounts for the rest. The €l dissociation channel is

not important for either molecule at these energies.

I. Introduction kcal mol1 for HCI elimination from CHCOCI, which is 8 kcal
The four-centered elimination of HX from haloethanes has Mol * lower than that for CHCH,CI.* However, experimental

become a textbook example for unimolecular reactions although iNVestigations of the unimolecular HX elimination from &H
some details of the structure of the transition state (TS) are still COCI have not been reported to the best of our knowledge. In
debated. The TS is nearly planar and the experimental the pre_se_nt s_tudy, we identify the existence of the unimolecular
activation energies are 550 kcal mot* for various molecules. ~ HCI elimination channel from C4COCI and FCHCOCI by
The HX elimination channel is the dominant reaction pathway observing HCI formation from infrared chemiluminescence
for activated molecules at energies below 100 kcal thaks (IRCL).
the dissociation channels have large energy barriers. Numerous The Kansas State laboratory has been using IRCL from a
studies on the dynamics of these reactions, both experifiéhtal fast flow reactor to study the dynamics of chemical reac-
and theoretical, ® have been made for haloethanes. For acetyl tions>1%-14 These studies include the HX elimination from
halides, the activation energy may be lower than that of haloethanésand HO elimination from CHCH,OH!3and CH-
haloethanes as one of the C atoms already Hasydpidization. COOH For all HX elimination cases, the vibrational distribu-
In fact, Sumathi and Chandfehave calculated a barrier of 48 tion of HX (X = halogen or OH) monotonically declines with
" - - increasinge,(HX), and the fraction of available energy appear-
Physical Chemistty, Indian Instute of Science, Bangalore-560 012, India, 0 8 HX vibration, <fy(HX) >, is 0.1-0.2. Considering the
similarity in the dynamics of KD elimination from CHCH,-

T On leave from Manonmaniam Sundaranar University, Tirunelveli-627 oy
002, India. OH and CHCOOH, we expect that HCI elimination from GH
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COCl would resemble that of haloethanes. Recently, Harmony been carried out to determine the importance of different
and co-worker® have used thermal decomposition of haloacetyl channels for the chemically activated gEOCI/FCHCOCI.
halides (CICHCOCI and BrCHCOBr) as a precursor reaction

to study the spectroscopy of HCCI and HCBr as follows: Il. Experiment

XCH,COX — XHC=C=0 + HX (R1) The experimental method has been previously described in
detail, and we give only a brief summary of the operation of
XHC=C=0— XCH + CO (R2) the flow reactor, which used Ar as the carrier §a3he H/F

atoms, produced in a microwave discharge of 10%CH, in
Their experiment clearly suggests that the HX elimination is a Ar, were added at the front end of the flow reactor. The reagent
dominant channel for haloacetyl halide decomposition. The ICH.COCI/CHCOCI was added 20 cm downstream, just before
IRCL studies on such reactions could complement the work on the observation zone, which was viewed through a NaCl
HX elimination from haloethanes and could contribute to our Window. For ICHCOCI, Ar was passed over the solid sample
understanding on the transition states for four-center elimination at room temperature and the concentration was found by the
reactions. weight loss. Infrared emission spectra were recorded with a

The following reaction schemes were chosen to study-CH resolution of -2 cnr* by a Bio-Rad spectrometer (FTS-60)

COCI and FCHCOCI: with InSb detector, cooled to liquidNemperature. Reactions

R3, R5, and R8 could be studied at 0.5 Torr with the maximum

F + CH,COCI— HF(v) + CH,COCI (R3) pumping speed, which corresponds to a flow velocity of 120 m
s 1 and an observation time of 0.2 ms. Under such conditions
. the HX(v) distribution observed is nascent:1? The rotational
F+ CH,COCI— FCH,COCI* (R4) distributions are 300 K Boltzmann except for a remnant of the
original distribution for HF¢, J > 8). The HI emission could
H + ICH,COCI— HI + CH,COCI (R5) not be observed from reaction R5 because of its very small
Einstein coefficient for emission. To observe the HEI(
H + CH,COCI— CH,COCI* (R6) emission from the secondary reaction R7, the observation time

had to be increased ©0.5 ms. The experimental conditions
were varied to determine the extent of HX(elaxation for
longer observation time. In experiments that showed HCI
emission from FCHCOCI*, weak CO(1— 0) emission could
also be observed. The source of CO emission is discussed in
the following sections.

The peak heights of the resolved vibrationedtational lines

The chemically activated FGEOCI*/CH;COCI* can have
various reaction pathways, and from the ab initio results for
CH3COCHY we believe that HCI elimination will be the
dominant pathway:

FCH,COCI* — HCl(v) + FCHCO (R7)  of HF/HCI were converted to populations by dividing them by
the respective Einstein coefficiettsand the instrumental
CH,COCI* — HCl(v) + CH,CO (R8) response function. For HF,(J < 8) levels and HCI, dividing

the rotational populations by the Boltzmann factor directly gives

The other pathways are considered in the later sections.the vibrational population. The HE(J < 8) level populations,
Reaction R3 has not been reported previously, but it should beif present, were then added to get the total population in each
very similar to the other F- HR reactions, where HR is a  vibrational level. The rotational structure of the CO emission
polyatomic organic molecule. These bimolecular H abstrac-  was not resolved, and the total area was divided by the Einstein
tion reactions give an inverted H®(distribution with i, Cof coefficient (35.8 s1)17 and the response function to estimate
0.5-0.6. Reactions R4 and R6 could occur by direct abstraction the relative CO concentration.
as well, leading to HF and HCI, respectively. However, our
experiments suggest that abstraction is not important for reaction|||. Results and Discussion
R6. For reaction R4, it will be difficult in our experiments to
observe direct H abstraction due to the strongHlEfnission ) H1ab|
from the primary step (reaction R3). products from any chemical reaction is calculated as folléws

The threshold energy for reaction R7 and enthalpies of
formation of some of the species are not available at present. (1)
We have performed quantum chemical calculations at correlated
levels (MP2/6-31G*//MP2/6-31G*) to estimate the threshold where the first term is the enthalpy of the reaction at 0 K. The
energies and enthalpy changes for all the reaction pathways fromactivation energy,E,, for H abstraction reactions by F is
FCH,COCI. We have also analyzed the potential energy surface generally very small and is taken as 1 kcal mol For reaction
of FCH,COCI and identified the transition states for various R3, the thermal energ¥:, is taken as RT assuming that the
molecular decomposition channels. For {@CI, similar polyatomic thermal vibrational energy is unavailable to the HF
results are already availableput at the MP2/6-31G*//HF/6- product. For the additionelimination reactions, R4 and R6
31G* level. Toto et ak noted that adding correlation affects R13, the vibrational energy of the radicat.3 kcal moi? at

a. Thermochemistry. The available energyk,,, for the

E., = —AH°(0K) + E, + E,

the TS geometry more significantly for the HCI elimination than
for HF elimination from the haloethanes. We have now
optimized the geometry at the MP2/6-31G* level and also

300 K) is included inEy. The sum ofE, and Ey, gives the
energy of reactive collisions according to Tolman’s definition
of activation energy! For the primary reaction R3, th&eH°®

obtained the frequencies for the molecule and the TS at thisis the difference in bond energies between theHFbond in

level. We have further extended the calculations to MP2/6-
311++G** for this reaction, R8, to look at the effect of basis
set size beyond 6-31G*. TST and RRKM calculations have

HF and the G-H bond in CHCOCI. TheDy(C—H) is not
available for CHCOCI. However, these H atom abstraction
reactions lead to Hk( J) levels that extend to the thermo-
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chemical limit!* The highest populated HF(J) level from
reaction R3 iy = 3,J = 8, and its energy is 12 681 crhor
36.2 kcal motl. The HFp = 3,J = 9) level is at 37.1 kcal
mol~1, and we tookE,, as 37 kcal moil. With these data, we
estimate theAH°(CH,COCI, 0 K) as<—6.3 kcal mot?! and
the C-H bond energy in CBCOCI as <101.2 kcal mot?,
which seems reasonable. The-B bond energies in HCH,-
CHz and H-CH,COCH; are virtually identical (98 kcal maob),
and our estimate for HCH,COCI is close to that of HCH.-
Cl (100.9 kcal mot?).18 We take the GH bond energy in
CH3COCl as 101 kcal moft. The AH% (in kcal mol?) at 0 K
for F (18.5+ 0.1) and HF £65.1 + 0.2)*° and CHCOCI
(—55.94 0.2¥° were taken from the literature.

From the above estimate o bond energy in CECOCI,

Eav for reactions R6 and R8 can be calculated, and they are

105 and 85 kcal mot, respectively. To the best of our
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Figure 1. The infrared chemiluminescence spectra of HJFACI(v),

knowledge, experimental or theoretical data are not available and cog) from the F+ CHCOCI reaction system for [FE 1.44 x

for the AH®% for FCH,COCI. Hence, theAH® had to be
estimated for reactions R4 and R7. PrimaryFCbond energies
are of the order of 110 kcal mol; e.g., CHF (110) and GHsF
(108)18 and CHCIF (108)> We used a &F bond energy of
108 kcal mof? to estimate theAH°s for FCH,COCI as—95.8

kcal molt at 0 K. The chemically activated GBOCI/FCH-
COCI molecules produced in R6/R4, can react by several
molecular elimination and bond dissociation pathways. Reac-
tion pathways for CHCOCI have been considered in ref 10.
The C-F bond is expected to be stronger than any other single
bond in FCHCOCI, and so all the single-bond dissociation

processes are energetically accessible. The reactions involved OCHg

are given below. EstimatedH° in kcal mol? is given for
each reaction in parentheses.

FCH,COCI— HCI(v) + CHFCO (39) (R7)
— FCI+ CH,CO (70) (R9)
— CH,FCI+ CO (8) (R10)
— CH,FCO+ CI (83) (R11)
— CH,F + COCI (83) (R12)
— HCCOCI+ HF (?) (R13)
Some tertiary reactions are possible as given below:
COCI—CO+ CI(7) (R14)
CHFCO— CHF + CO (42) (R15)
CH,FCO— CH,F + CO (7) (R16)

The following AH®; values from the literature were used in
the above estimates. Experimental values (in kcal#)aire
available for ClI (28.6+ 0.0), HCI (=22.0+ 0.0), FCI -12.0
+ 0.0), CO (27.24 0.0), and CHFCI (—60.8+ 3.1):1° COCI
(5.6 + 0.7)21 CH,CO (—14.0+ 0.6)22 and CHF (-7 +
1).18 For CHF, the experiment&iH°¢(298 K) varies from 2&
to 3924 and we have used the theoretical estimate (33.9) of
Rodriquez and Hopkinsdhwith an estimated uncertainty of
2.4 kcal mofl. For FCHCO and FCKCO, experimental data
are not available at present, aitH°:(298 K) for FCHCO
(—35.2) and FCHCO (—41.2) were taken from the recent,
extensive theoretical work of Zachariah and co-workérs.
These authors calculateH°;(CHF, 298 K) to be 31.5 in close

10%, [CH3COCI] = 5.88 x 103, both in molecules cn¥, Ar pressure
= 2.0 Torr, and an observation tin¥e 0.92 ms.

TABLE 1: HF( ») Distribution from Some F + CH3X
Reactiong

Eay Po P P> Ps —Av @0
COcCl 37 21 52 27
3 20 50 27 9.8: 0.6 0.60
Cl 39 9 36 55 11.2+ 0.6 0.68
1 9 36 54
CH;3 41 12 52 36 9.3t 0.8 0.58
2 12 51 35
45 26 48 26 6.2 0.6 0.43
12 23 42 23

aFirst line gives the experimental distribution, and the second line
gives the results of surprisal analysis using model 2 prior which includes
polyatomic rotations in the surprisal calculations.ZCBCI results are
from this work, and other results are from ref 11. The uncertainty in
the populations given for C€0Cl is 2, i.e., P=21+2, P =52+
2, and B = 27 £ 2 from six different experiment&,, is the available
energy (kcal mol?) for the products, andi,Cis the fraction of it that
goes into HF vibration.

oxyfluoro species, a significant difference 3.6 kcal mot?)
exists between the calculated and experimental values. In view
of this, the AH®; values for these species were used as such
without thermal corrections. For the same reason, the uncer-
tainty in AH® above are not listed, and it could be large, 5 kcal
mol~t or more. We have also carried out ab initio calculations
to estimate the enthalpies and threshold energies for all these
reactions, the details of which are given in section IV.

b. HF(v) Distribution from the Primary Reaction (R3).
Figure 1 shows the Hf, HCI(v), and CO¢) emission spectra
from the F+ CH3COCI system. The apparent G@mission
is from the background subtraction and has no significance, i.e.,
it is the consequence of incomplete removal of;@Bsorption
by the flushing. The HR( distribution did not vary with [F]
or [CH3COCI] for an observation time below 0.2 ms and for
concentration range-15 x 102 molecules cm?3. The average
distribution from six different experiments is HFE 1-3) =
21:52:27. The distribution is strongly inverted as is true for
most H atom abstraction reactions by F. The population in
= 0 level was estimated using surprisal analysig.he surprisal
plot was linear and, and B depended on the prior model used.
Results from model 2 priét (correlation coefficient= 0.998),
which includes rotations of the polyatomic product (CHCI
in this case), ard, = —9.8 + 0.6, ,(HF)O= 0.6, and B—Ps
= 3:20:50:27. Table 1 compares the vibrational distributions
and surprisal results for severaHFHR reactions. The results

agreement with the value we use. However, for several of the from CH;COCI are very similar to those for G8l and GHé.
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TABLE 2: Relative Population in HF(», J > 8) Compared
to the Total HF(») Population from Some Experiments for»

TABLE 3: HCI( ») Distribution from H + CH,COCI and F
+ CH,COCI Reactiong

= 1 and 2 from the F + CH3COCI Reaction Systent

no. [F]/[H] [R] P At Pl Pz P3 P4
no. [F] [R] P At v=1  v=2 1 130 100 045 017 391 319 196 94
1 16 36 043 020 106 20 2 66 160 045 017 496 30.6 19.8
2 28 50 044 020 6.4 1.8 3 130 160 045 017 469 324 148 509
3 20 56 060 028 36 14 4 144 391 100 046 674 242 53 31
4 144 390 100 046 151 9.7 5 101 192 200 065 700 234 6.6 trace
5 144 558 200 092 126 12.9 6 144 558 200 092 776 183 29 1.1
7 144 651 200 092 792 180 23 05

a[F] and [R] give the concentration of the F atoms and reagent in
10" molecules cm?, P = pressure in Torr, andt = time in ms, the
last two columns give the percentage of kHFpopulation in thel >
8 levels. The HR{ = 1—3) distribution in experiments-25 were 25:

aExperiments +3 are for H+ CH,COCI and 4-7 are for F+

CH,COCI. The column titles have the same meaning as in Table 2.
The HF@p = 1-3) distribution from experiments-47 are 53:37:10,

52:23, 26:53:21, 53:37:10, and 68:26:6, respectively. These were not63:30:7, 68:26:6, and 68:26:6, respectively.

used in determining the nascent distribution given in Table 1. For
comparison, experiment 1 gave 19:53:28.

TABLE 4: HX( v) Distribution from Some Elimination

Reactiong
Tgis_co&nparison cltearly suggests that the #JHfistribution molecule B P, P, P, P, —A &0
obtained is nascent.
. T . . CH5COCI 39.0 319 196 9.4
c. HF(v) Rotational Distribution from.anary.F.Qeactlon ° 364 249 203 124 6.0 74 012
(R3). The HF@, J > 8) levels do not entirely equilibrate under  FcH,cocClI 67.4 242 53 3.1
our experimental conditions, and this fact has been used to 669 223 80 18 10 b 0.06
estimate the HF rotational energy distribution in several CHsCHCI® 39.0 29.0 220 10.0
reaction$ Some of the experiments resulted in emission from 299 223 203 154 71 101 018
HF(v, J > 8) levels, though the emission was weak. Table 2 CHCH;F 4Ll 8Ll 189 69
v 'S, though t ' 372 256 194 118 43 101 0.5
shows the relative population of HF(> 8) to the total CFCH# 530 320 120 3.0
population in they = 1 and 2 levels. For the conditions that 43.0 302 182 68 17 105 0.13

gave nascent vibrational distribution (entry 1 in Table 2), the
HF(J > 8) population was 10.6 and 2.0% for the= 1 andv
= 2 levels, respectively. Clearly, the HF rotational excitation

aFirst line gives the experimental distribution, and the second line

gives the results from surprisal analysis. The superscripts in the

molecules give the reference number for the data, angCCHE| and

from the primary reaction is rather modest. Several experiments FCH,COCI are from this work® For FCHCOCI, the surprisal plot was
were done for longer observation time to observe HCI emission not linear and the Pwas estimated as 3 times the. Rlso, the {0

from reaction R7, and the HFY rotational distributions showed
some interesting trends which are discussed below.
Comparing experiments 1 and 2 in Table 2, the hijh

population has decreased from 10.6% to 6.4%, and it is most

likely the result of rotational relaxation by [R], i.e., [GEOCI].

given here should be taken as a lower limit. By using the sum rule and

results from CHCOCI, we estimate thi, [for this reaction to be 0.11.
See text This reaction also givey = 5 with Ps = 2.0; after
renormalization, P= 1.7.

different, and we take the experiment 1 distribution as nascent

The observation time is the same for both experiments. From and itis R—P, = 39:32:20:9. The signal-to-noise ratio for the

results of experiment 3, it is clear that increasityt (P is the

v = 4 emission was poor, and experiment 1 gave the best

Ar pressure andht is the observation time) also causes rotational spectrum. Also, model 3 surprisal analysis, which includes all

relaxation, which has been observed eaflieHowever, for

the degrees of freedom for the polyatomic product, gave a linear

experiments 4 and 5 which correspond to longer observation surprisal plot with a correlation coefficient of 0.994 for this

time (0.5 to 1 ms), the, [R], and [F] have increased and the

distribution. The Bwas estimated as 36%, affHCI)Cwas

high J population fory = 1 and 2 havencreasedto 15 and 0.12. Table 4 compares the HX(istribution from haloethanes
10%. Under these conditions, the HJ(distribution had with CH3COCI, and the results show striking similarity. This
dramatically changed from the nascent 21:52:27 to 53:37:10 and the sum rule analysis discussed later in this section convince
for experiment 4. This could be due to two factors. The us that the HCl) distribution reported in Table 4, entry 1, for
vibrational relaxation of HF could proceed through—v R CH3COCl is nascent.
(vibrational to rotational) mechanism, wherein the HHOw The HCI@) emission could not be observed from reaction
J) goes to HF¢ — 1, highJ) in collisions with CHCOCI/F/Ar. R7 for observation times0.2 ms and it was observed for longer
Such v— R transfer has been observed in several ci#sEse observation time £0.5 ms) only. Table 3 lists the HGI(
other possibility is that 1,1-HF elimination from FGEOCI* distribution from FCHCOCI* in four experiments. The HCI-
is taking place which could contribute to an increase indHF(  (v) distribution shows relaxation as th& and [R] increase.
=1 and 2) as well as the highpopulation® However, results For the conditions used in all these experiments, thesHF(
from our ab initio calculations rule out the importance of HF distribution from primary reaction R3 was also affected by
elimination from FCHCOCI for energies below 115 kcal nd) relaxation, and the HCJ| distribution is not nascent. We
vide infra. choose the distribution obtained at 0.46 ms with lower [F], [R],
d. HCI(») Distribution from the Secondary Reactions R7 and P as the one closer to the nascent distribution. Not
and R8. Reaction R8 could be observed under conditions that surprisingly, the surprisal analysis of this distribution led to a
gave a nascent distribution, and hence it is discussed first. Thenonlinear plot (correlation coefficient 0.7), and so we assumed
HCI(v) rotational distributions are Boltzmann, and the vibra- the ratio of B/P; to be 3 (close to the j/, ratio). The
tional populations were directly determined as described above.distribution obtained is PP, = 67:22:8:2:1, and the lower limit
Table 3 lists the HCI) distribution from both reactions. The for f,(HCI)Cis 0.06. For comparison, assumingf® to be 2
distribution, as expected for a unimolecular elimination reaction, leads to,(HCI)Cof 0.07.
is monotonically declining. The HGCH distribution obtained The energy disposal from elimination reactions has been
from CH;COCI* in three different experiments were somewhat treated in detail by Zamir and Levié. The vibrational energy
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appearing in the HX product has contributions from the excess
energy,Ex, above the threshold energy and from the potential
energy Ep, which is basically the barrier for the reverse addition
reaction. i.e.,

E(HX) = aE, + bE, @

This sum rule was used to interpret the energy disposal from
HX elimination reactions of haloethane&* The b values
estimated were typically 0.240.3 for four-centered reactions.
For the HCI elimination from CECOCI, the barrier energy,
E°, is 48.9 kcal mot! (vide infra). From section Ill.aE, =

85 kcal moft andAH®°(0 K) = 19.9 kcal mot®. This implies
thatE, = E° — AH® = 28.3 andEx = Eay — Ep, = 56.7 kcal
mol~t. The “a” parameter in the above equation can be
estimated using the transition state frequentlesid the method

is described in detail in ref 5. For this reactiar= 0.05, and

it is typical for the four-centered elimination reactiondJsing . FCCCi=180.0
this “a” in eq 2, the 'b” is calculated to be 0.247, which is @ HTCS%CI:“‘I
almost identical to that for HF elimination from GEH.F and
CRCHz.5 This shows that the dynamics of HCI formation from
H + CH,COCI is very similar to that of the HX elimination
from haloethanes, i.e., HCl is formed from the vibrationally
excited CHCOCI and not by direct abstraction of Cl from gH
COCl by H. It should be pointed out that the-HCH,CH,CI
reaction, under very similar conditions, led to an inverted
distribution of HCI@) that would be expected for a ClI 54

abstraction mechanisf. Also, recently Leone and co-workers ~ Figure 2. Optimized geometries (MP2/6-31G*) for FGBOCI and

have studied the @ CH3;CH, reaction and observed inverted the transition states for 1,2-HCI elimination (TS1), CO elimination
OH(v) distribution exp?iainizng it in terms of a direct H (TS2), 2,2-HF elimination (TS3) and the transition state foLBEO

. . — CH,F + CO (TS4). Distances are given in angstroms and the angles
abstraction mechanisff. in degzrees. (TS4) 9 9 9

Theaandb values obtained above for GBOCI can be used
to predict the nascerif,(HCl)Ofor the HCI elimination from 2004
FCH,COCI. The threshold energy for HCI elimination is —|F+CHcoa
calculated to be 60.7 kcal mdl (vide infra). For a G-F bond 1000 !
energy of 108 and thermal energy of gBOCI (3.1),Ex = 51 w00 ]
andE, = 22, all in kcal mot®. Using the sum rule, eq 2, gives 7
f,0= 0.11 compared to our lower limit of 0.06. Clearly, the .|
observed HCIf) distribution has been affected by relaxation, _
and we prefer this estimate Gf(HCI)(For the HCI elimination 40.0
from FCH,COCI. However, the fact that HCI emission was —
observed from the F- CH,COCI reaction clearly demonstrates 29
that the reaction goes through vibrationally excited RFCEICI*. 00] ol _

e. CO@ = 1 — 0) Emission. In all the FCHCOCI o FCH 2€0C1 FoHaa o
experiments that produced H@)(emission, the CO emission  Figure 3. Schematic energy level diagram for the unimolecular reac-
could also be observed. Since only= 1 — 0 emission was tions of the chemically activated FGBIOCI (energies in kcal mot).
observed, there is no way of estimating the €Gf 0)
population from our experiments and hence the total CO
produced. However, the relative [COE 1)] was estimated
by measuring the area under the broad emission spectrum an
comparing it to the HCIK) emission intensity. The [CQ(=
1)] was only 2-7% compared to [HCIK > 0)], and clearly it is
produced in a minor channel. Quantum chemical and RRKM
calculations were done to identify the mechanism of CO
formation, and these are described next.

TS1

OCCCl=0.0

717988
HCCOC! + HF’,,;I_—

825, FCH ,+ COCY

" HF + CICH=C=0

"6l

calculated at the same level to characterize the nature of the
stationary points on the potential energy surface. We look at
he HCI elimination from CHCOCI in more detail compared

o ref 10 and our calculations for FGEOCI reported here, for
reasons described below.

The optimized structures of the various transition states and
the reactant, FCHCOCI, are shown in Figure 2. (The TS
geometries for CECOCI are given in ref 10, Figure 2, at the
HF/6-31G* level.) The bond lengths and bond angles are given
in angstroms and degrees, respectively. All the products were
optimized at the same level for thermochemical calculations.

All calculations were performed using the Gaussian 92 Figure 3 graphically summarizes the major conclusions of this
program3! All possible reaction pathways were considered for work. The zero-point vibrational energy corrected enthalpies
FCH,COCI in line with the earlier work on C$COCI10 of reaction and activation barriers are given in Table 5, along
Optimization of the geometries of the reactants and transition with the estimated enthalpies of reaction given in the previous
states were carried out at MP2 level using the conventional section. The differences between the two values=arekcal
6-31G* basis set. All electrons were included for the calculation mol™2, which is expected on the basis of the discussion in section
of correlation energy. Harmonic vibrational frequencies were lll.a. Experimental results are not available for the barrier

IV. Ab Initio Calculations
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TABLE 5: Thermochemistry for the Unimolecular TABLE 7: Bond Distances for the TS for HCI Elimination
Reaction Pathways of FCHCOCI# from CH 3COCI at Different Levels of Calculations®
products AHC() AH°(e) E° HF/ HF/ MP2/ MP2/ MP2/
F + CH,COCI 1152 108 115.2 bond 6-31G* 6-31G** 6-31G* 6-311G** 6-311++G**
HCI + CHFCO 41.1 39 60.7 H1-C1 1.209 1.199 1.177 1.175 1.182
CH,F + COCI 82.5 83 82.5 H2—-C1 1.080 1.082 1.091 1.091 1.091
CH,FCO+ ClI 78.4 83 78.4 C2-0 1.106 1.105 1.145 1.133 1.134
CHFCI+ CO 6.1 8 81.0 Cl1-C2 1.407 1.411 1.408 1.415 1.411
CH,CO+ FCI 76.8 70 >120 Cc2-ClI 3.390 3.285 2.953 2.836 2.832
HF + HCCOCI 98.9? 89.8 H1-Cl 1.796 1.813 1.891 1.864 1.849
FCHCO— CHF+ CO 47.9 42 47.9
CH,FCO— CH,F + CO 6.6 7 17.9 a For definition of the distances, see TS2 in Figure 2. Also see ref
COCl— CO+ Cl 2.4 7 2.4 10. H1 is the H combining with CI to form HCI.

a AH°(t) = zero-point vibrational energy corrected enthalpies of . ) : T .
reaction calculated at the MP2 level with the 6-31G* basis set in kcal with a 4-31G basis for HCI elimination from ethyl chloride.

mol~t. AH°(e) = enthalpies of reaction estimated using experimental Thus, adding correlation makes a more significant change in
and/or theoretical enthalpies of formation from the literature (see section the TS geometry for C,COCI than for CHCH,CI. For CH-
lll.a). E°= zero-point vibrational energy corrected threshold energies COCI, MP2 level optimizations with larger basis sets were done

calculated at the MP2 level with the 6-31G* basis set. to see if there would be any significant change in the TS
o . structural parameters with the basis size, beyond 6-31G*. Table
TABLE 6: Unscaled Harmonic Vibrational Frequencies of : . : :
CH,COCI, FCH,COCI, and the Transition States TS1, TS2, ~ / 9Ives the bond distances at different levels. It is clear that
TS3, and TS5 (for HCI Elimination from CH sCOCI) at the using a Iarger basis set does not Iead_ to S|gn|f|ce_1nt changgs in
MP2/6-31G* Level the bond distances compared to adding correlation at a given
CHCOCI FCHCOCI TS1  TS2 1S3 TS5 ![ﬁvel:;IIDeZs/%eSC;_a]!g*Lnl thel ?hCI eagtljdH;O bond d'é‘tanctes-z SASEG
, ; - . e - evel, the istance goes down to 2.
146.1 1139 1098.2i 595.5i 609.3i 579.7i . . -
3558 5349 120.5 543 103.4 70.7 A Ad_dlng the diffuse functlons (MP2_/6-3%1—(’_§\**) makes
453.2 369.9 163.2 1616 1524 1771 little difference, and the €Cl distance is 2.832 A. The-€C
526.4 453.2 219.9 162.1 253.8 317.8  bond distance shows little variation at different levels of
624.6 488.8 304.4 180.0 430.6 4115  calculation. All the ketene dimensions«{&i, C=0, and G=
003 ga er TR 423 S33 ) iniech do otvay sgnicanty
11613 10521 8655 708 3 5015 10913 The barrier for HCI elimination from FCYCOCI, reaction
1450:1 1161:1 1017'_4 937:5 70029 1284..3 R7,is calculateo_l as_ 60.7 kcal mblat _the MP2/6-31G*//[MP2/
1526.9 1286.9 1154.8 1250.1 948.4 1403.9 6-31G* level which is 12 kcal mott higher than that for Ckt
1528.5 1448.1 1330.5 12679 10834 14484 COCI (48.9 kcal motl) at the same level. Interestingly, the
1869.1 15426 ~ 1363.8 15004 12429 1946.2  parrier energy for CHCOCI is very close to that reported in
8127.3 1880.5  1594.0 21104 1757.3 = 23045 010 (48.2) at the MP2/6-31G*//HF/6-31G* level. Optimiza-
3220.5 3125.6 2202.6 32920 3089.0 3161.4 . . .
32459 3190.6 32105 3462.9 32336 3247.3 ton .?t theI MPhZ Ie\;]el ri:as not changed thhe relr?tlve Znerghes
Zero-Point Vibrational Energies (kcal né) signi |cant_y, t oug t € TS structure has changed. The
305 259 20.9 226 20.8 26.8 difference in barrier energies between{TCIl and FCHCOCI

is consistent with the fact that halogen substitution at the
energies for any of these reactions for comparison. For ethyl f-carbon atom increases the barrier height for HX elimination
chloride, however, both experimental and theoretical estimatesfrom the haloethan€®.3> For example, the barrier energies
are availablé. At the MP2/4-31G level, the calculated value for HX elimination from CHF—CHF and CHCI—-CH,Cl are
was 4 kcal mot? higher than the experimental barrier for HCI  both 5 kcal mot* higher than those of CI€H,F and CHCH,-
elimination from CHCH,CI.! We expect the ordering of energy ~ Cl, respectively??32 The effect off- fluorination of CHCOCI
barriers for the different channels to be reliable. TheRbond ~ appears more dramatic, and our experimental results give only
energy was calculated as 115 kcal migland the F+ CHy- indirect evidence, vide infra. Direct experimental verification
COCI addition reaction was found to have no barrier. The is needed to conclusively prove this effect. The CHFEO
FCH,COCI* formed in this reaction has more energy than the CHF + CO reaction has a barrier of 48 kcal mélwhich is
unimolecular threshold energies calculated for all reactions equal to the &C bond energy in CHFCO.
except CHCO + FCI (Table 5). The unscaled harmonic The following subsections discuss the other possible pathways
vibrational frequencies of the reactants and transition states aréfor FCH,COCI*. Our objective here is to identify the mech-
listed in Table 6. The TS characteristics for all the reactions anism of CO formation and determine the importance of three-
are described below and compared to that ofsCEICI and centered HF elimination. In the GBOCI experiments, no other
haloethanes where applicable. emission but from HCI) could be seen and so other pathways

a. 1,2-HCI Elimination. The most probable reaction were not considered in detail.

pathway for CHCOCI/FCHCOCI is the molecular elimination b. 1,1 Elimination Giving CO. The 1,1 elimination of
to give HClI+ CH,CO/CHFCO as has been observed experi- FCH;COCI— FCH,CI| 4+ CO has a barrier of 81 kcal nid|,
mentally. It proceeds through a loose transition state, TS1 in about 20 kcal mol* higher than that of HCI elimination. For
Figure 3 for FCHCOCI. The most striking difference observed CH3COCI, the barrier for CO elimination is much higher at
in this structure compared to the TS structure reported for the 100.2 kcal mat?, 52 kcal mot! above that of HCI elimination.
HCI elimination from CHCOCI at the HF/6-31G* levé?is in This reaction proceeds through TS2 which consists of elongated
the C—ClI distance. It is 2.953/2.971 A for GBOCI/FCH- C—C (2.19 A) and C-CI (2.65 A) bonds. Analysis of the
COCI at the MP2/6-31G* level, about 0.4 A shorter than the eigenvector corresponding to the imaginary frequency (595.6i
value for CHCOCI at the HF/6-31G* level® This can be cm 1) suggests that the reaction vector is Cl—C bending. A
compared to the 0.15 A difference between HF and MP2 results qualitatively similar transition state has been observed for the
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dissociation of formamide to N¢-H CO®¢ and for the dissocia-  up to 30 kcal mot! and by Haarhoff approximation for higher
tion of acetaldehyd@ and acetyl chlorid¥ to CH, + CO and energie$? For either method, the vibrational frequencies of
CHsCl + CO, respectively. The €0 distance is 1.15 A in the molecule/TS (Table 6) were grouped in to seven different
TS2 and is identical to the equilibrium value for CO at this values by taking geometric averages with appropriate degenera-
level of calculation. This and the fact that the reaction coor- cies. The moments of inertia for the moleculg 4nd the TS
dinate is C-CI—C bending imply that CO, if formed from this  (I¥) were taken from our ab initio calculations. The reaction
process, will most likely be in its ground vibrational state. path degeneradf depends on the model for each reaction, and
c. 2,2-HF Elimination. The 2,2-HF elimination from FCH h is the Planck’s constant.
COC' |eadS to the unStab|e Carbene HCCOC' V|a TS3. 1t haS For Hcl el|m|nat|on from CHCOCL TS and molecular

a barrier of 90 kcal mot', about 42 kcal mof* higher than  parameters were available at HF/6-31G* and MP2/6-31G*
that for the 1,2-HCI elimination reaction. The eigenvector |evels. Both were used in a TST calculation to estimate the
corresponding to the imaginary frequency is a combination of yreexponential factor for unit reaction path degeneracy at 800
C—H and C-F stretches and FCH bending, clearly identifying k. The logA thus calculated was 13.67 and 13.99 at the HF
the TS as corresponding to HF elimination reaction. However, gnd MP2 levels, respectively. Scaling the HF frequencies
problems were encountered while obtaining the minimum energy yniformally by 0.89 for both TS and molecule did not result in
structure of the singlet carbene. Itis evident from the enthalpy any significant difference, the log coming out to be almost
of reaction in Table 5, which is larger than the barrier! jgentical. Both values are larger than the typical experimental
Optimization gives rise to a first-order saddle point instead of ygjye of about 13 for four-centered HCI elimination of haloeth-
a minimum. All our attempts to minimize this structure with anes, e.g., CKCH,CI (13.08)*1 CHsCCl; (13.15)3 CHyCRCl
respect to the negative force constant were proved futile. (12.85)34and CHCICRCI (12.0)42 Experimental data for Ci
Clearly, our estimate foAH® for this reaction is not reliable, COClI is not available to the best of our knowledge, and we
and hence Figure 3 and Table 5 have a question mark at thisprefer to use the HF frequencies for the TST and RRKM
limit. It may be that the triplet carbene is closer to the singlet ¢ajcylations. It should be pointed out that the TS structure is
in energy and advanced treatment (MCSCF or MRCI) is (ighter at the MP2 level compared to that at the HF level.
required. Detailed study on this carbene is beyond the scopepgyever, the MP2 results for the low-frequency vibrations are
of this work. _ too low even when compared to the scaled HF frequencies. The
_d. Bond Dissociation Reactions.The C-Cand C-Clbond  ree lowest frequencies for the TS are 79.8, 177.1, and 317.8
dissociation processes were found to be direct dissociation i the MP2 level compared to the unscaled HF frequencies
processes with no distinct barrier. Thus, TS structures could 126.7, 293.4, and 414.4 cth For the molecule this is not the
not be assigned. The-€Cl bond energy is 78 kcal mot and case, and hence the preexponential factor increases significantly.

the C-C bond energy is 82 kcal mol. This is similar to the  5pigusly scaling the MP2 frequencies would not improve the
result for CHCOCI where these bond energies were 81 and 87 gy ation, unless one uses scaling factors above 1 for the low-

kcal motl, respectivelyl.ol For CH;,COCI, these values agree frequency vibrations of the TS. For FGEOCI, frequency
closely with the recent estimafésf 83 and 86 kcal mof-based  5jcyjations were done only at the MP2 level, and hence the

on experimental enthalpies of formation. RRKM rate constants for the individual reactions may be upper
The successive fission from GHCO/FCH—CO and CO- limits. However, in this case we compare MP2 results for all

Cl radicals can lead to CO formation. However, both@© 0 reactions, and hence the relative values are expected to be
fission reactions have significant barriers. The-C bond more reliable

fision in FCHCO radical has a barrier height of 18 kcal mi For the bond dissociation reactions R11 and R12, a TS was

and it proceeds through transition state TS4. This is comparable " ) .
to CHsCO and CECO for which the barrier for €C bond not found and we modeled the transition states following earlier

fission has been calculated as 18 and 12 kcalfat MP2/ work on similar systems_. For reaction R12 the TS fre_quencies
6-31G* level, respectivel{?3 It is noteworthy that Lee and 2/ éstimated by combining the two products’ frequencieskCH
co-worker4® have measured the barrier for gD dissociation and (_:OCD and adding two Iow-frequency doub_ly degenerate
to be 17+ 1 kcal mol?, in excellent agreement with Sumathi bending modes (110, 70 ct) plus |nterna_l rotation, tr(_aated
and Chandra’s calculatiod8. The C—Cl bond fission from  Nere as another low-frequency (S5 cintorsion. The ratio of

COCI has no distinct TS, and it is only 2.4 kcal mbendoergic =~ MOMeNts of inertia was chosen as 2.45. This led to a

i 6g-1 =
at this level. The CO formation could be from reactions R10, Preexponential factor, A, of 1.86 10'°s™ and logA = 16.27
R11,+ R16, R12+ R14, or R7+ R15. We carried out RRKM  Which is comparable to severaHC bond dissociation reactions.

calculations with the ab initio TS and molecular parameters to Forhreacftion R11, we add(fd two I(r)]w-frequency ';’?“d"?g modes
determine the importance of the different channels producing © that of FCHCO (70 cm), and the moments of inertia ratio
CO. Also, the importance of 2,2-HF elimination has to be WaS chosen to be 2.66. We fOHOW(;Sd the model devgloped by
ascertained to determine if it can account for the increase in Rakestraw and Holmes for @EH,CI.*> The logA for this TS

HF(» = 1 and 2) at longer observation time. The results are WS 14.62, and itis a(;mparable to that ofsCH,CI (14.6)°
given next. and CRCHFCI (14.7)¥ For CHCOCI, transition states for

C—C and C-Cl dissociation were chosen in a similar fashion.
V. RRKM Calculations For C—-C dissociation, the five frequencies added to those of

) . . . CHs; and COCI were 180(2), 130(2), and 80 and lagvas
The microcanonical rate constant for a given reaction was 1 02. For C-Cl, the doubly degenerate bending mode

calculated as frequency was 110 and lowas 14.6. For both these reactions,
I#(I#)WG# (E — E°) the recent estimates of bond eneriegere used as threshold
=—|-] ———= energies in the calculations.
“E=:01] e ) ’

The C-F bond energy in FCKCOCI is not known other than
The sum of states for the T&#(E — E°), and the density of by our calculations, which gave 115, and our estimate, which
states for the reactanti(E), were calculated by direct counting  was 108 kcal moil. The thermal energy for COCI at 300
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TABLE 8: RRKM Rate Constants for Unimolecular Reactions of FCH,COCI*/CH ;COCI2

105 110 115
reaction k % k % k %

HCI + CHFCO (13.93) 7.45EP1 74.1 1.28E11 59.6 2.07E11 46.4
CH.F + COCI (16.27) 2.40E10 23.9 8.07E10 37.6 2.24E11 50.3
CH,FCO+ CI (14.62) 1.15E09 1.1 3.45E9 1.6 7.59E09 1.7
CHyFCI+ CO (14.79) 8.83E08 0.9 2.71E09 1.3 6.96E09 1.6
CHCOCI+ HF (13.96) 6.28E06 3.46E07 1.36E08

CH,CO+ HCI (13.67) 4.03E11 98.2 5.66E11 95.1 7.68E11 89.5
CH; + COCI (16.01) 6.79E09 1.7 2.75E10 4.7 8.65E10 10.2
CH3CO + ClI (14.62) 3.66E08 0.1 1.06E09 0.2 2.60E09 0.3

aColumn titles give the energy of the molecule in kcal mpk is the RRKM rate constant in§ given in scientific notation, and % is the

percentage contribution of the given reaction to the total rate constant at this energy. The number in parentheses next to the produdis gives log
the logarithm of the preexponential factor at 800 K calculated using transition state theory per unit reaction path degeneracy. Reactionrpath degene

is 2 for HCI and HF elimination and 1 for all other reactions. The last three lines are fg€Q€El. °? Read as 7.45 10,

K is 3.1 kcal mot?, and it should be added to the-€ bond
energy to obtain the average energt,) of the FCHCOCI*
produced. For FCKCOCI, thelEshould be between 110 and
115 kcal moft? in our experiments. For GCOCI, thelELin
our experiments is estimated as 105 kcal mhétom the C-H

the photodissociation is impulsive, occurring on a sub-
picosecond time scale leading exclusively to@l dissociation.
Thus it does not follow the usual Norrish type | mechanism for
aldehydes and ketones which predicts the cleavage of the weaker
o bond to that of the carbonyl group following internal

bond energy. Table 8 gives the calculated rate constants forconversion to the ground state. Our calculations show that if

five different channels from FCH£OCI and three channels for

CH3COCI. The percent contributions for each channel to the

total reaction affE(]= 105, 110, and 115 kcal mol are also
included. The first column is applicable to @EIOCI, and the
other two are representative results for RCCI.

Clearly, HCI elimination is the important channel for both
molecules at these energies. TheCdissociation is equally
important for FCHCOCI but not for CHCOCI. The critical

the Norrish type | mechanism is followed, one would expect to
see C-C dissociation rather than-&Cl dissociation. However,
C—C dissociation is important not because it is the weaker bond
in a traditional sense but because of the entropy effects leading
to a larger preexponential factor compared to that ferGT
dissociation. Thus, if thet bond energies are not too different
as in this case, the entropy factors should favor the dissociation
into two polyatomic fragments rather than to an atéma

factors are certainly the differences in the threshold energy polyatomic fragment.

between HCI elimination and-©C dissociation andElfor the
two cases. For FC¥COCI, the difference is 22, but for GH
COCl itis 38 kcal mott. The C-Cl dissociation channel does
not contribute significantly even though the critical energy for
it is 3—4 kcal mof! less than that of EC dissociation. The
larger preexponential factor for-@€C dissociation, compared
to that of C-Cl (log A = 16.2 vs 14.6), dominates the reaction
rates. For FCHCOCI, the CO elimination contributes1% to
the total reaction and the HF elimination reaction is not
important at all.

The above results clearly indicate that the CO formation from
FCH,COCI is mainly through €C dissociation followed by
COCI— CO + ClI. The later reaction has a very small barrier
(7 kcal molY) which supports our expectation. The—Cl
dissociation is less important and the FCD — FCH, + CO
reaction also has a larger barrier (18 kcal mpl virtually
eliminating reactions R16- R16 as a possible source for CO.
The CHFCO— CHF + CO reaction has a large barrier of 48
kcal molt. The HCI4+ CHFCO products have available energy
of 72 kcal motL. At least 67% of this energy has to remain in
CHFCO for this channel to be allowed. The 1,2-HF elimination
from CRCH; and CHCH,F lead to 60% of the available energy
as olefin's internal energy. It is clear that the CHFCO®> CHF
+ CO does not significantly contribute to CO formation in our
system.

The RRKM results on CECOCI give a reasonable explana-

After completion of this work, we came across the recent
paper by Maricq et & on the diode laser study of the &l
CH3CO reaction. They observed the HEICH,CO channel
only. From their experiments they could not differentiate
between additiorrelimination mechanism (G4€OCI formation
followed by HCI elimination) and direct abstraction of H by ClI
from CH;CO. Two of their observations need to be considered.
(1) There is no pressure dependence on thgGtHformation
rate constant in the range Q00 Torr. (2) The time
dependence of the IR absorption profile of £ did not show
any difference when the buffer gas was changed frosrta\
CoFs. This was verified to determine if the ketene formed was
vibrationally excited, and the conclusion was that ketene product
did not have any significant internal excitation.

For the addition-elimination mechanism, if collisional
stabilization competes with the unimolecular reaction in the 10
200 Torr pressure range, the ketene formation rate constant
should be pressure dependent. From our RRKM calculations,
we estimate the rate constant for the HECH,CO channel at
83 kcal moi® (the C-ClI bond energy in acetyl chloride) to be
1.0 x 10" s71. Only the HCI elimination channel is expected
at this energy. The collision frequency in 200 Towrislabout
4 x 10° s71, assumingd = 6 A for the N,—CHsCOCI pair.
Clearly, the unimolecular reaction rate is much faster and point
1 above is consistent with the additiealimination mechanism.
However, their second observation is somewhat puzzling if this

tion for our not observing any CO emission in the experiments mechanism were to be followed. For HX elimination from
along with HCI emission. (Of course, our experiments cannot haloethanes, 5660% of the available energy goes to the internal
rule out CO formation in the ground vibrational state.) The@ degrees of the alkene prodictOur TS structure for HCI
dissociation contributes less than 2% to the total reaction at 105elimination from CHCOCI indicates that the ketene product is
kcal mol! energy. These results are also important in the not fully formed yet. Hence, one would expect to see vibrational
context of recent photodissociation experiments onsz-CH excitation of ketene. However, as the authors point out, their
COCI404445 These experiments have clearly demonstrated that experiment could not rule out excitation in modes that have
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little anharmonic coupling with the; mode they observed.
Direct observation of HCK) and CHCO internal energy
distributions are needed for definitive answers.

VI. Conclusions

Infrared chemiluminescence from a flow reactor has been
used to study the F CH3COCI and H+ ICH,COCI reaction

systems. The primary reaction in the former system leads to

an inverted HR{) distribution of R—P; = 21:52:27. From the
highest observed HE(J) product state, the €H bond energy

in CHsCOCI is estimated as101.2 kcal mofl. A linear
surprisal analysis using model 2 prior gives the complete
distribution as B—Ps; = 3:20:50:27 with{,0= 0.6, which is
typical for H abstraction by F from polyatomic molecules. From
the secondary F CH,COCI reaction, HClf) and CO¢)

Srivatsava et al.

(7) Kato S.; Morokuma, KJ. Chem. Phys198Q 73, 3900.
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(9) Raff, L. M.; Graham, R. WJ. Phys. Chem1988 92, 5111.
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98, 10779.
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1995 99, 11115.
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2742,
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1734.
(17) Langhoff, S. R.; Bauschlicher, C. W., Ir. Chem. Phys1995
102 5220.
(18) McMillen, D. F.; Golden, D. MAnnu. Re. Phys. Chem1982
33, 493.

emissions were observed, the latter being less than 10% of the (19) Chase, M. W., Jr.; Davies, C. A; Downey, J. R., Jr.; Frurip, D. J.;

former. The HCI¢) distribution, which was partially relaxed,
was estimated asoPP, = 67:22:8:2:1 with,0= 0.06. The

H + CH,COCI reaction resulted in only HGI{ emission, and
the nascent vibrational distribution wagHP, = 36.4:24.9:20.3:
12.4:6.0. Thef,Owas 0.12, and it was comparable to that from
unimolecular elimination reactions from haloethanes.

Quantum chemical ab initio calculations were carried out at
the MP2 level with the 6-31G* basis set to determine the
threshold energies for various reaction pathways for the
energized FCHCOCI* formed by the F+ CH,COCI reaction.
The HCI elimination from CHCOCI was studied at the MP2
level with larger basis sets up to 6-3t+G**. The ab initio
TS geometries for HCI elimination from both these molecules
are loose, leading to large preexponential factors in TST
calculations. Increasing the basis set to 6-8+1G** did not
make any significant difference in the TS structure forzCH
COCI. Our results are similar to that of ethyl chloride reported
in ref 1. These results do not agree with the available
experimental preexponential factors for ethyl chloritieFor
CH3COCI, experimental results are not available yet.

For FCHCOCI, the 1,2-HCI elimination channel leading to
HCl + CHFCO was found to have the smallest barrier of 60
kcal molt. RRKM calculations indicate that the HCI elimina-
tion channel dominates the unimolecular reactiorig&ak 105
kcal mol*L. The CO formation occurs through successive bond
dissociation i.e., CkF + COCI followed by COCI— CO +
Cl. For both these molecules, although the@ bond energy
is calculated to be smaller than the-C bond energy, the €CI
dissociation rate is slower than that of-C dissociation due
to entropy factors.
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