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Unimolecular Reactions of Vibrationally Excited CF,CICHFCH 3 and CF,CICHFCD3:
Evidence for the 1,2-FCI Interchange Pathway
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Chemically activated GEICHFCH; and CRCICHFCD; molecules were prepared with 94 kcal miobf
vibrational energy by the recombination of LHCHF and CH(CDs) radicals at room temperature. The
unimolecular reaction pathways were 2,3-FH(FD) elimination, 1,2-CIF interchange and 1,2-CIH elimination;
the interchange produces EFHCICH;(CRCHCICDs) with 105 kcal mot! of vibrational energy. Rate
constants for CFEICHFCH; [CF,CICHFCD;] were (3.1+£ 0.4) x 10° s 1 [(1.04£ 0.1) x 10° s for 2,3-FH

[FD] loss, (1.54 0.2) x 1P s1[(8.3 & 0.9) x 1 s 1] for 1,2-CIF interchange, and (82 1.0) x 1P s?

[(5.3+ 0.6) x 10°P s 1] for 1,2-CIH [DCI] loss. These correspond to branching fractions of @:3506 [0.43

4 0.04] for 2,3-FH [FD] loss, 0.2% 0.03 [0.354 0.04] for 1,2-CIF interchange, and 0.#0.02 [0.22+

0.02] for 1,2-CIH [CID] loss. Kinetic-isotope effects were 300.6 for 2,3-FH [FD] loss, 1.6t 0.3 for
1,2-CIH loss, and 1.& 0.4 for 1,2-CIF interchange. The gEHCICH; (CFRCHCICD;3) molecules formed by
1,2-FCl interchange react by loss of HCI [DCI] with rate constants of §5®.9) x 10’ s [(2.1 & 0.4) x

1071 s~* for an isotope effect of 2.% 0.4. Density functional theory was employed to calculate vibrational
frequencies and moments of inertia for the molecules and for the transition-state structures. These results
were used with RRKM theory to assign threshold energies from comparison of computed and experimental
unimolecular rate constants. The threshold energy for CIF interchange is 57.5 kca| amal those for HF

and HCI channels are-5 kcal mol™ higher. Experiments with vibrationally excited &HCF,CF;, CF,-
CICF,CFR,CI, and CRCICF,CI, which did not show evidence for CIF interchange, also are reported.

1. Introduction (CRCF=CD,) from CI—F interchange followed by 2,3-CIH
elimination. The kinetic-isotope effedtz/krp, for the 2,3-FH/

The unimolecular reactions of a series of chlorofluoropropane N e X
FD elimination was 2.9, which is comparable to isotope effects

molecules are being systematically investigated by this labora- . N .
tory using chemical activation techniques coupled with elec- for other direct HF/DF or HCI/DCI elimination reactions from

tronic structure calculatioris® The vibrational frequencies and ~ Molecules withr95 kcal mot* of energy:*7"¢ For example,
moments of inertia of the transition state and molecule, which the isotope effects are @EFCICH/CRCFCICD;* = 2.0+ 0.2,
are obtained from density-functional theory (DFT) calculations, CFCH/CFCDs® = 3.0 + 0.1, CRCICH/CR,CICDs" = 3.0
were employed with statistical RRKM theory to calculate *+ 0.9, and GHsCI/C:DsCI° = 3.3 + 0.4. HoweverKei/kep
unimolecular rate constants for FH and CIH elimination. Was only 1.5 for the interchange process. The small isotope
Comparison of the experimental and calculated unimolecular effect suggested that the rate-limiting step did not involve
rate constants permits assignment of threshold energies. Theupture of the G-H/C—D bond. On the basis of electronic
CR.CICHFCH,(CDs) molecule was selected in the present study structure calculations, a rate-limiting 1,2-CIF interchange reac-
because DFT calculatiohdiad suggested the 1,2-CIF inter- tion to give CRCFCICH;, followed by a rapid 2,3-CIH
change would be competitive with 4-centered HX £XF or elimination reaction, was proposé8.The CIH and FH-
Cl) elimination reactions. Threshold energies are assigned for elimination reactions from GEFCICH;(CDs) now have been
1,2-FCl interchange, 1,2-CIH elimination and 2,3-FH elimination independently characterized, and the fast HCI-elimination reac-
from CRCICHFCH;, as well as for 2,3-CIH elimination from  tion has been confirmet.
CRCHCICHs. The CFZCICI-!FCI_-lg(CDg) molecules, which were As described above, the interchange product,
gen_erated by the recomblnatl_on o_f LHCHF anql CH(CDy) CFsCFCICH,(CDs), from CRCICF.CH(CDs) could not be
radicals, have 94 kcal mol of vibrational energy in a bath gas  experimentally detected.In search of direct evidence for
at room temperature. The @EICHFCD; data are used to 1 5 c|F interchange reactions, we selected@EHFCHz(CDs)
confirm the results from GEICHFCH. o for study in anticipation that GEHCICHs(CDs) might be
We previously measured rate constants, kinetic-isotope ,pcarved. The presence of theH atom is an asset, because

effects, and branching ratios for the unimolecular reactions s L .
o . additional HX elimination pathways are possible and threshold
of chemically activated GEICFCH; and CRCICRCD; energies are lowered for the interchange and for the HX

?&%fg%?iégseﬂgasgrg?gH péﬁg#ﬁ;’iovr\]’e;ﬁ d%;gﬂz elimipation reactions. Furthermo_re, the faster absqlute decom-
’ position rate for CEFCICHFCH; might enable experiments to

* The University of North Carolina at Asheville. be run at higher bath gas pressure, which could permit the
*Kansas State University. interchange product, GEHCICH;, to be collisionally stabilized.
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In fact, CRCHCICHs(CD3) was observed, and the 1,2-CIF

interchange reaction has been proven. A-Elinterchange

reaction also has been proposed to explain the products from

the decomposition of GIFCH,CI.1%11and CRCH,CI.10.1220n

the other hand, CIF interchange was not observed in experiments

to be reported here for chemically activated,CIEF,CF;, CF,-
CICF,CF.CI, and CRCICF,CI. Although the structural factors
that affect the threshold energy for €% interchange in

chlorofluoroalkanes have not been fully identified, the inter-
change reaction frequently can compete with HF and HCI

elimination or rupture of €Cl bonds.

The CRCICHFCH; molecules were prepared from photo-

lysis of CRCICHFI and CHI mixtures. Reactions 13 are

the expected combination and disproportionation processes.

\CH, + -CH, —> CH,CH, @)

2-CHFCFECI - CF,CICHFCHFCRCI  (2a)
X CF,~CHF + CF,CICHFCI

(2b)

\CHFCRCI + -CH, > CE,CICHFCH  (3a)

Iy
—> CF,—~CHF + CH,CI

A similar set of combination and disproportionation reactions
can be written for the GIEICHF + CD; system. Because the

product of reaction 2a has two chiral carbons, botse and

Burgin et al.
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Figure 1. Schematic representation of the threshold energies for the
various unimolecular processes. The differences in threshold energies
have been exaggerated for clarity of presentation. The average energy
of the initially formed CECICFHCH; molecules is 94.3 kcal mol

and the energy of the rearrangedsCHCICH; molecules is 104.8 kcal
mol~. The structure of the transition state for 1,2-CIF interchange also
is shown (the &C distance is 0.11 A shorter than for LTHRCHFCHp);

see Figure 1 of ref 4 for the transition state of JCFCF,CHs.

d,1-stereoisomers are formed. At the pressures of these experigeactivation is efficient for the C#HCF,CICHFI bath gas
ments, (CECICHFY; is stabilized by collisions. The absence mixture, i.e., the unit deactivation assumption, so that the slope

of any product that could be associated witheCHCI radicals
precluded the possibility that the @HCHF radical rearranged
prior to reactions 2 and 3. Vibrationally excited LARCHFCHs*

can eliminate HF (reactions 4a and 4c) or HCI (reaction 4b),
interchange CHF (reaction 4d), or be collisionally stabilized

(reaction 5). The 1,2-CIF interchange is about 10 kcalthol

2—-FH

k.
CF,CICHFCH;* — 7- and E-CFC<CFCH, + HF

(4a)
Ky o
—2= CF,=~CFCH, + HCI (4b)
K,
—2™. CF,CICH=CH, + HF (4c)
Ky o
—2%% CF,CHCICH;* (4d)
ku[M]
—~— CF,CICHFCH, (5)

exoergict and the CECHCICHz* molecules will eliminate HCI
or be stabilized by collisions:

escim
CF,CHCICH;* === CF,CH=CH, + HCI  (6)
kM)
—— CF,CHCICH, @)

of these plots provide limiting high-pressure rate constants.

A schematic overview of the unimolecular processes is
presented in Figure 1. The relative rates of the reactions are
mainly governed by their threshold energigs, We followed
the same procedure that has been adopted in previouswork
to assigriE for the unimolecular reactions. Electronic structure
calculations from DFT are used to obtain moments of inertia
and vibrational frequencies of the molecules and transition states.
Thus, the threshold energy is the only undetermined variable
in the RRKM calculation, and it can be assigned from matching
the calculated and experimental rate constants. Hjwealues
cited in Figure 1 are our assigned values. The threshold energies
for reactions of CECICHFCH; will be compared to those from
CR,CICFR,CHjs in the Discussion with emphasis on characteriza-
tion of the CIF interchange reactions. This study also provides
additional insight into the nature of 1,2-d and 2,3-XH
elimination transition states of C3;CHXCHs; (X, X' = F or
Cl) type molecules.

2. Experimental Section

Pyrex vessels with volumes ranging from 19.8 to 564.9 cm
containing 1.22umoles of methyl iodide or methyl iodidds
with 1.22 umol of 1-chloro-2-iodo-1,1,2-trifluoroethane, plus
small amounts of mercury and mercury(l) iodide were photo-
lyzed with a high-pressure 200 W mercury lamp at room
temperature. The presence of mercury(l) iodide in the vessels

The reverse isomerization and 1,2-FH elimination are not during photolysis aids formation of GKCD3) and CRLCICHF
competitive with reaction 6. The unimolecular rate constants radicals. Photolysis times, which depended upon the size of the
are obtained from plots of the ratio of the experimental yield vessel, were between 2 and 7 min. About 30% of the-CF
of the decomposition (pand stabilization (S) products versus CICHFI and 5% of the Ckl were photolyzed. All gas samples
inverse pressure for each activated molecule. Collisional were prepared on grease-free vacuum lines; an MKS 270C
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TABLE 1: Mass Spectral Data at 70 eV (m/e, Relative 15 ——rr
Abundance and Assignment) [ E
CRCH—CH, CRCH=CD, "/
m/e RA assignment  m/e RA assignment /d;" o
27 100 GHs* 29 100 GHD,* °
95 97 GFsH," 98 83 GFsDs* 4 /
96 89 GFsHs" 96 55 GFsHD™ o |
51 40 CRH* 97 49 GFsD," / . 1
69 38 CR* 48 42 GFHD,* )
46 37 GFHs* 79 35 GF.HD,* a o @ /
L Y 4
CR.CICH=CH, CR.CICH=CD, i % o /.-/E/
m/e RA assignment  m/e RA assignment 0s L / -
77 100 GFHs* 79 100 GFHD2* I o :Eg o ¢ g _+7 "
51 50 CRH* 29 31 GHD;* i o ,/: PR
27 32 GHs* 51 27 CRH' [ oe -
31 18 CF 97 26 GR*CIt I $ % o-%7
26 12 GH,* 52 23 CRD* - /<’>./ -% 3
15 11 CH* 31 18 CF g <%
CRCICHFCH; CRCICHFCD; 0 1 2 3 4 5 6 7 8
m/e RA assignment  nve RA assignment 1/P (Torr)
47 100 GFH,* 50 100 GFHD;":CR* Figure 2. Di/S versus reciprocal pressure plots for,CEEHFCH;.
27 25 GH3™ 100 22 GFsHDs™ Squares: 2,3-FH elimination with a slope of 0.220.01 Torr, an
97 14 GFsH4" 29 18 GHD,* intercept of—0.02+ 0.02, and a correlation coefficient of 0.98. Solid
77 7 GFHst 79 10 GF.HD," circles: 1,2-CIF interchange with a slope of 0.#10.01 Torr, an
45 4 GFH;" 51 9 CRH* intercept of —0.004 &+ 0.024, and a correlation coefficient of 0.95.
33 4 CFH* 85 8 CR3CI* Diamonds: 1,2-CIH elimination with a slope of 0.0390.004 Torr,
an intercept of~0.011+ 0.016, and a correlation coefficient of 0.96.
CRCHCICH; CRCHCICDs
me RA assignment e RA assignment and CRL=CCICH;, which would be products from 1,2-FH
63 100 G¥CIH,* 66 100 G¥CIHDs* elimination from CRLCICHFCH; and CRCHCICH;, respec-
27 99 GH3* 30 69 GDs* tively. The CRCHCICH;z is from 1,2-CIF interchange followed
65 31 CE37C|I14+ 68 22 Q37EIHD3+ by collisional stabilization (reactions 4d plus 7), andsCR=
EI % %Ea_'f gg g gﬁm CH; is from 2,3-CIH elimination (reactions 4d plus 6).
69 20 CR* 135 11 GHCIFsHD5" Analyses of the reaction mixtures needed for th&Splots

were conducted with a Shimadzu GC-14A with a flame-
ionization detector. A Shimadzu CR501 Chromatopac Integrator
acquired and integrated the area associated with each signal. A
Mxt-1 column of 105 m length and 0.53 mm diameter was used
with the temperature program cited above. Direct calibration
of the response of the flame-ionization detector was impossible,
because authentic samples were not available for most of the
products. We have foud that relative response factors for
halogenated propenes formed by elimination of HCI or HF from
corresponding halogenated propanes are nearly unity, and values
of 1.0 were adopted for the propanes and propenes of these
experiments. Thus, the data points of théSplots are just the
allyl radical cation atw/e = 95 and 97 formed by loss of H or :jatlos of the areas dOf thﬁlpegks assc()juated_rv;/]lth the de§|gnat¢fed
D from the parent ion. Agreement also existed with the mass ecomposition and stabilization products. The uncertainty o
the calibration factors could introduce a 10% uncertainty in the

spectra from CF=CFCH; and CRL=CFCD; in ref 6. The _ : 1 o .
temperature program began with an initial temperature of 35 !D./S ratios and, for the worst case scenario, a 20% uncertainty

°C for a period of 20 min, followed by a temperature increase in the product branching fractions.
at a rate of 2C per min until the column reached 10G; the
heating rate was then increased to a rate &€4er min until
the column reached a final temperature of 200The following 3.1. Experimental Rate Constants.The results to be
products and (typical retention times in minutes) were ob- presented include the reactions of LHCICH3(CD3;) mol-
served: GHg and CHF=CF;, (8.1 but not resolved) GEH= ecules. However, the reactions of LACHFCH;(CD3) will be

CH; (8.7), CRL=CFCH; (9.2), CRCICH=CH, (12.6), Ck- considered first. The products from reactions 4b, 4c, and 4d,
CHCICH; (13.8), CRCICHFCH; (14.5), CRCICHFCI (15.9), were detected; the 1,2-FH elimination pathway was not ob-
andmese andd,l-CR,CICHFCHFCRCI (32.6 and 35.8, butthe  served. The PS versus (pressure)plots, are given in Figures
specific diasteroisomer identity is not known). The retention 2 and 3 for CECICHFCH; and for CRCICHFCD;s. The D/S
times for CRCICHFI and CHI were 20.5 and 29.4 min, plotfor F—Cl exchange was constructed by combining the yields
respectively. Commercial samples of {lH=CH,, CHF=CF,, of CRCHCICH; and CRCH=CH, to obtain the total rear-
and GHg were available to confirm the identity of these rangement product. Theif/S values range from 0 to 1.5 in
products. We found no evidence f@r and E-CFCF=CFCH; Figures 2 and 3; these linear plots represent the high-pressure

electronic manometer was used to measure pressures $f CH
and CRCICHFI. The CHI was purchased from Aldrich and
CRCICHFI was obtained from PCR (now SynQuest).

Product identification was based on the mass spectral
fragmentation pattern obtained from a Shimadzu QP5000 GC/
MS equipped with a 105 m Rtx-1 column; see Table 1. It was
difficult to obtain a reliable mass spectrum of £FCFCH;
(CF=CFCDs) because this yield was the smallest of the
decomposition products. The products from reaction 4b were
identified by the presence of the parent ionsré = 96 and
99 for CRL,—=CFCH; and CRL=CFCD;, respectively, and by the

3. Results
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Figure 3. Di/S versus reciprocal pressure plot for LECHFCDs.
Squares: 2,3-FD elimination with a slope of 0.0%40.003 Torr, an Figure 4. Plot of product branching fractions for the SHCHFCH;
intercept of—0.006+ 0.007, and a correlation coefficient of 0.99. Solid  system vs pressuré Squares: fraction for 2,3-FH elimination.
circles: 1,2-CIF interchange with a slope of 0.0600.003 Torr, an Circles: fraction for 1,2-CtF interchange. Diamonds: fraction for
intercept of 0.019+ 0.011, and a correlation coefficient of 0.98.  1,2-CIH elimination. The products for CIF interchange include the yields
Diamonds: 1,2-CIH elimination with a slope of 0.0380.002 Torr, of both CRCHCICH; and CRCH=CH,. The average branching
an intercept of~0.009+ 0.006, and a correlation coefficient of 0.99.  fractions are 0.55 0.05, 0.29+ 0.03, and 0.16+ 0.02.

region and the slopes correspond to the average rate constants, 25 AR REAEE RAREE RREAE DR / T

kezn The intercepts are nearly zero in each case; the slopes from
the plots have standard deviations of less than 10%, and the I
rate constant values should be reliable. The unimolecular rate 20 Q
constants obtained from these data are summarized in Table 2 r
for CR,CICHFCH;(CD3).

A plot of the product branching fractions for ZHCHFCHs
is shown in Figure 4. This plot includes two sets of lower I |
pressure points than shown in thg®plots of Figures 2. The ¥ F A
average branching fractions are 0£5%5.06, 0.29+ 0.03, and o I |
0.16 + 0.02 for 2,3-FH loss, CtF interchange, and 1,2-CIH 10
loss, respectively, for GEICHFCH;. The kinetic-isotope effects [
for these three processes are 2:97.61, 1.83+ 0.37, and
1.55+ 0.31, respectively. The largest effect is for 2,3-FH(FD)
elimination, which is expected because only this process has a L
primary kinetic-isotope effect. The uncertainty in the kinetic- %{/‘

(o))

15 |

o]

o\ E;\
\
i
h

UUL.LLI L@}

—~
isotope effects were calculated from the rate constants in Torr o
units with £15% uncertainty. Because of the large kinetic- 0
isotope effect for 2,3-FH elimination, the branching fraction for
Cl—F interchange increases to 0.35, that for 1,2-CIH elimination 1/P (Torr)
increases to 0.22, and that for 2,3-FD decreases to 0.43 fer CF
CICHFCD;. I(:i_gulre ;3 Dészvserséls rcle_ciprotc_al p(ressure ?IO;&%%EE;%@EMO”
; circles) and 2,3-DClI elimination (squares) o -

dezg;gfsil_‘iili;h(ggg r;)(l)lje-czu_lsa fgrml;lsdz g){(r:elgcgfi)gi‘lnit(izgg- CHCICDs. The sI_ope is 4.1 0.2 Torr, the intercept is-0.24+ 0.63,

) i Sk ' Y2 and the correlation coefficient is 0.98 for EFHCICHs; the corre-
however, only HCI elimination was observed. The HCl elimina-  sponding values for GEHCICD; are 1.5+ 0.2 Torr, 1.04+ 0.46,
tion is much faster than the reverse-# interchange process, and 0.96.
and the reverse reaction need not be considered. Because a small
fraction of the CECHCICH;(CD3s) molecules were stabilized  propanes have not been measured. If the deactivation is efficient
in the 2.0-0.15 Torr range, a GEH=CH,(CD,)/CFCHCICHs- (CEO= 10 kcal mof™ per collision), as expected, then a linear
(CDg) vs (pressure)t plot could be constructed. The data of fit to the data of Figure 5 will be a close representation of the
Figure 5 cover the D/S range from 1.5 to 20 forsCHCICH; high-pressure rate constant. The data fos@CHCICD; probably
and from 1.0 to 12 for CZFEHCICDs. In this range for D/S, the  are the more reliable, because the D/S range is lower. The rate
consequence of cascade deactivation of the vibrationally excitedconstants based upon a linear fit to the D/S plots in Figure 5
molecules can cause upward curvature in D/S vs (pressure) are given in Table 2. These values should be considered as upper
plots1516The intercepts of-0.244 0.63 and 1.0+ 0.5 could limits to the limiting high-pressure rate constants, and we have
be from curvature in the plots and/or scatter in the higher assigned an uncertainty af20% to the rate constants. The
pressure data. The collisional deactivation efficiencies foglCH  kinetic-isotope effect is 2.7 for 2,3-CIH(CID) elimination, which
and CRCICHFI for vibrationally excited haloethanes or halo- is typical? The 18-fold larger rate constant for 2,3-CIH

0 1 2 3 4 5 6 7 8
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TABLE 2: Summary of Experimental Rate ConstantsP

CRCICHFCH; CRCICHFCD;
reaction Torr st Torr st
2,3-FH(FD) 0.22+-0.01 (3.1£0.3) x 1¢° 0.0744 0.003 (10.2£ 1.0) x 10°
1,2-CIF exchange 0.1 0.01 (1.5£0.2) x 1¢° 0.060+ 0.003 (8.3:0.9)x 1®
1,2-CIH 0.059+ 0.004 (8.2£1.0)x 10° 0.0384+ 0.002 (5.3 0.6) x 10°
1,2-FH not observed not observet
CRCHCICH; CRCHCICD;
reaction Torr st Torr st
2,3-HCI(DCI) 4.14+0.2 (5.64+ 0.9) x 10/ 1.54+0.2 (2.1+£0.4) x 107
1,2-FH not observed not observetl
1,2-FCl exchange not obsenfed not observet

aThe listed uncertainties in the rate constants (Torr units) are the standard deviations froi$ the [pessuré plots. The absolute uncertainty
is larger because of uncertainty in the collision diameters &ljdand the calibration of the response of the gas chromatograph. Therefore, the
uncertainties listed for the rate constants ofCIEHFCH;(CD3) in Torr units have been doubled for'aunits. Because the experimental uncertainties
were large £15%) for the CECHCICH; data, the same uncertainties were used nusits.® The rate constants in Torr units were converted to
s 1 using the following collision diameters artk values!314 CF,CICHFCH; (5.3 A and 410 K), CECHCICH; (5.3 A and 410 K), CH (4.6 A
and 405 K), and CFEICHFI (5.2 A and 360 K)ky = nd2w (8KT/muam)¥2Q2T)*. ©If the reaction was not observed, the rate constant is less than

one-eighth of the largest rate constant.

elimination from CECHCICH; vs 2,3-FH elimination from Cf
CICHFCH; is mainly a consequence of the higher energy

acquired from the isomerization, reaction 4d. The data of Figure

5 definitively establish CtF interchange as an elementary
reaction.

The rate constants in pressure units were convertedo s
from calculation of the collision constanky. The collision
diameters and/k valued3*used to convert rate constants from
Torr units to s units are given in footnotb of Table 2. The

The average energy of @QEHCICH; formed by reaction 4d
is given by

[E(CF,CHCICH,) (= [E(CF,CICHFCH,) [~ AH°0(4d)(9)

The enthalpy of reaction 4d was calculated-#%5 kcal mot?
from the Gaussian suf®of programs at the B3PW91/6-31G-
(2d,pY level and—12.4 kcal mot? at the B3PW91/6-31G(g')
level in the present work. We gave the larger basis set result

uncertainty in the collision cross sections augments the small 516 weight and selected10.5 keal mot? for AH%(4d) and

experimental uncertainty in the slopes of thgplots from
the CRCICHFCH;(CD3) data, and the rate constants irt anits

[E(CRCHCICHg)O= 104.8 kcal mot?.
In the Discussion the 2,3-FH elimination and-@& inter-

given in Table 2 show this larger uncertainty. The uncertainties change reactions of GEICF.CHs will be compared with those

associated with chemical activation rate constants measured iny¢ CF,CICFHCHs. Therefore [E(CFRCICF.CHs)formed from
this series of papers dealing with fluorochloropropanes are MorecH, + CR,CICK, is needed. Isodesmic reactions at the level

fully discussed in refs 1 and 6.
3.2. Thermochemistry.To assign thé&, values from the rate

described in ref 3 were used to obtaii°; 295( CF,CICF,CHz)
= —225 kcal mott. McMillen and Goldef give AH° 295(CF-

constants of reactions 4 and 6, the average internal energies of|cF,) = —164 + 4 kcal mol! andDgg CRCICFR—CHs)Cis

CFR,CICHFCHs(CD3) and CRCHCICHs(CD3) must be known.

The average energy for molecules formed by radical recombina-

tion with zero activation energy can be obtained from

[E(CF,CICHFCH,) = Dy(CF,CICHF—CH,) + 3RT+
[, (CHy) O+ [E,(CF,CICHF)I(8)

The RTarises from the 3 translational and 3 rotational motions
of the radicals that become vibrational motions in the molecule.
The [Ey(CHz)Oand [Ey(CFRCICHF)Oterms are the average
vibrational energy of the radicals at 298 K. The most important
term is the bond-dissociation energy, which is obtained from
enthalpies of formatiom\H®; 295(CHs) is well-known (35.0 kcal
mol~1)1” and we used isodesmic reactions to estimate
AH? 295 CR,CICHF) andAH®s 295 (CF,CICHFCH). The details

95.7 kcal mot?. This value is reasonable, because the extra F
atom, relative to CFCICFHCHs, would be expected to increase
the bond energy. The(CF,CICF,CHjg)for CH; + CRCICF,

is 98 4 3 kcal mof?.

3.3. Assignment of Threshold Energiesin previous work,
threshold energies for reactions 4 and 6 were calculated using
DFT at the B3PW91/6-31HG(2d,p) level The Eq values for
1,2-FH, 1,2-CIH, 2,3-FH, and €IF interchange from GF
CICHFCH; were 66.7, 57.6, 59.6, and 55.0 kcal mgl
respectively. The 9.1 kcal mol higher value for 1,2-FH vs
1,2-CIH elimination explains why reaction 4a was not observed
in the present work, although these calculated threshold energies
are not sufficiently accurate to be used to calculate reliable rate
constants.

We have repeated the DFT calculations with the 6-31,@{d

for the isodesmic reactions are summarized in Table 3. Threebasis set to be in accord with previous calculattoh$ of

different reactions were used for gHCFH, and they gave
similar values foAH;(CF,CICFH); the average value is118.4
kcal molt. Combining this with AH°(CFR,CICFHCHs) =
—175.5 kcal mot?! givesDagg = 92.1 kcal moft. Converting
to Dp and using the terms in eq 8 givB§(CF,CICHFCHs) (=
94.3 kcal mot?; the [E(CFR,CICFHCDs)Cincreases by 0.3 kcal
mol~1. This [E(CFR,CICHFCH)LIs slightly lower thanE(CFs-
CHFCH)® = 97 kcal mot?! formed from CH + CRCHF;
both numbers have uncertainties of2 kcal mol ™.

structural properties of transition states. The calculated threshold
energies were 71.2, 56.4, 60.6, and 56.3 kcal thédr 1,2-

FH, 1,2-CIH, 2,3-FH, and CtF interchange, respectively. The
order of thesekp values is the same as from the 6-31G-
(2d,p) basis set, but the actual values differ by4lkcal mol=.

The frequencies and moments of inertia were employed to obtain
rate constants using the RRKM method, eq 10, Eglacting

ke = (ST)(IFNYAZP*(E — EL)INZ) (10)
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TABLE 3: Enthalpy of Formation of CF ,CICHFCH 3 and CF,CICHF?2
CR.CICHFCH; + CHzF — CFCHFCH; + CH:ClI

total energy —549, 890.6 —87, 658.7 —323,790.5 —313,772.6 AHrx = —13.8
AH% z9g*¢ (—175.5) —55.9 —225.6 —19.6

CRCICHF + C;Hg — CF,CICH,F + CoHs
total energ§ —524, 829.2 —50, 044.0 —525, 240.6 —49,632.1 AH°Rx =0.5
AHP p9g%¢ (—120.5) —20.1 —169.0 28.9

CH:Cl + CFsCH, — CF,CICHF + CH,

total energ§ —313,774.5 —236, 460.4 —524, 829.2 —25, 396.8 AH°rx = 8.9
AH® pog*® 19.6 —124.2 117.0) —-17.9

CzH5C| + CF3CH2 - CFQC'CHF‘F C2H5
total energ§ —338, 426.1 —236, 460.4 —524,829.2 —50, 044.0 AH°rx = 13.3
AHC; gie —26.8 —124.2 (117.6) -20.1

2 All entries are in kcal mol'. ® Calculated total electronic energy from B3PW91/G-3#1G(2d,p).¢ Calculated total electronic energy from
B3PW91/G-31%G(2d,p).¢ Experimentally determined enthalpies of formation. The number in parentheses was deduced fronHfsg.6fThe
AH?’s values for CHCI, CHsCl, and GHeg were taken from ref 18AH°(C,Hs) is from ref 17, AH°(CFCH,) is from refs 19 and 20, antiH°;(CH3F)
is from ref 21. TheAH°; values for CECFHCH; and CRCICH,F were obtained from isodesmic calculations following the examples given in ref
3.

as a parameter to be fitted. We treated the three overall rotationssimilar (2.3, 3.0, and 3.2 kcal midl) and we treated GEI as

as adiabatic, and th&/l term is the ratio of the principal a rotor with three equal barriers. By comparison with other
moments of inertia of the transition state and the molecule. The calculations in the literature, we suspect that the calculated
moments of inertia of the transition states are similar to those barriers are too low, and we used 4.0 kcal M@sVcgci. The

of the molecule, and thé/l in eq 10 was 1.3 or smaller for all  calculated barrier for Cwas 3.2 kcal mol%, which is similar
reactions treated in this paper. The reaction path degenerciesto that of other CECXYCH3 type molecule$:2 The Ck and

s, were 1, 2, 3, and 1 for 1,2-CIH loss, 1,2-FH loss, 2,3-FH CHs barriers of CECHCICHz were assigned as 4.7 and 3.0 kcal
loss, and CtF interchange, respectively, from @HCHFCH; mol~* by analogy to similar fluoropropanég2 The Vcg,ci and

and 3 for 2,3-CIH loss from GEHCICHs. Although two Vcn, for the transition states were taken to be the same as for
optically active transition states exist for 1,2-CIF interchange, the molecules. The calculated rate constants are not sensitive
each optically active molecule can access only one transition-to modest changes in barrier heights. For example, the rate
state isomer. The sum of states for the transition state and theconstants for free-rotor models were nearly identical to those
density of states for the molecule were calculated using hinderedcalculated with hindered rotor models with the barriers just
internal rotations (HIR) for the torsional modes of the molecules quoted.

and transition states. TH® values were assigned by matching Rate constants were calculated using the Multi-Well code
the kgpvalues to thek(expt) of Table 2 forlEdJequal to the generously provided by Professor BarkéiThis code has a
average energy. The threshold energies for reactions ¢f CF provision for calculating sums and density of states with
CICHFCD; and CRCHCICD; can be obtained from th&g hindered internal rotors. The reduced moments for internal
assigned to CfEICHFCH; and CRCHCICH; and zero-point rotation, l,eq, Were calculated using the method of PitZThe
energy considerations or from comparison of the calculleted CF.Cl rotor was treated as a symmetric rotor; i.e., the barriers
values vs the&(expt) for CRLCICHFCD; and CRCHCICD:. If to internal rotation were considered equal dprglvalues were

the data are self-consistent, both approaches should give theaveraged for the conformers. Thegyvalues are 41.9 and 3.15
same value for the threshold energy. amu A& for CR,CICHFCH; and 47.5 and 3.16 amu?4or CFs-

The vibrational frequencies and moments of inertia for the CHCICH;z; the smaller number is for the GHotor. Thel,eqfor
molecules and transitions states are provided in the SupportingCDsz increases to 6.21 and 6.24 am&f8r CR.CICHFCD; and
Information. The asymmetric rotor, @€, gives three conform- ~ CRCHCICD;, respectively; thé,eq for CRCl and Ck groups
ers for CLCICHFCH;(CD3) and for the transition state for 2,3-  for the deuterated molecules increased By8%. Although the
FH(FD) elimination. The calculated absolute energies for the changes relative to the molecules were snhaliyvere calculated
three conformers of the molecule differed by less than 0.3 kcal for each transition state.
mol~1. Therefore, the geometric mean of the frequencies and In addition to RRKM rate constants, thermal pre-exponential
moments of inertia of the three conformers were averaged, andfactors (in partition function form) were calculated for each
the results were used for calculating the density of states for reaction channel. These provide an overall measure of the
the molecule in eq 10. Two of the transition-state conformers structure of the transition states, relative to their parent molecule.
for 2,3-FH elimination were 23 kcal moi~! above the lowest  Pitzer's® tables were used to calculate the thermal partition
energy conformer. Nevertheless, an average of the conformerfunctions for the hindered internal rotors. These pre-exponential
frequencies and moments of inertia were used. Actually, the factors are summarized in Table 4. In general, transition states
differences among the frequencies of the conformers is small,for CIH elimination have approximately 2-fold larger pre-
and the average frequency hardly differs from that of any one exponential factors than transition states for analogous FH
conformer. Although the 1,2-FH process was not observed, we elimination3 but the difference between 1,2- and 2,3-
did calculations for that pathway. That reaction has two eliminatiorff2makes the HF and HCI elimination pre-exponential
geometric isomerdHandZ) as transition states; their frequencies factors nearly equal for GEICHFCHs. The pre-exponential
and moments of inertia were averaged to calculate the sum offactor for the CIF interchange reaction is 4 times smaller than
states needed in eq 10. The barriers to internal rotation fer CF that for 1,2-CIH elimination or 2,3-FH elimination.

Cl in CRCICHFCH; were estimated using the B3PW91/6 The threshold energies needed to match the calculated
31G(d,p") method by locating the tops of the internal rotation to the experimental rate constants are summarized in Table 4
barriers as transition states. Fortunately, the barrigsisd) were for CR,CICHFCH; with [EC= 94.3 kcal mot?. We expect these
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TABLE 4: Comparison of Calculated and Experimental mol™1) is reduced by the sum of states ratio, which is 3.7 and
Rate Constants 3.9 at 32 kcal mof! for 1,2-CIH and 1,2-CIF transition states,
pfre- respectively. The calculated isotope effects are 1.7 for 1,2-CIH
) exp factor; and 1.6 for 1,2-CIF; the experimental rate constant ratios of
reaction ke(exptp BB ked B 1087 1.6+ 0.3 and 1.8t 0.4 are in accord with the calculation. The
CRCICHFCH, . 94.3 5 calculated ratio is nearly the same for both the hindered-rotor
éi';'}'memhangesllé 105 iii 105 g?:g (2):4218 and \./ilbrational mode]s, and the calculated ratio's. are not very
1,2-CIH 8.2 10F 88x 10F 625 2.23 sensitive to the detailed structures of the transition states. In
1,2-FH not observed > 69 1.19 this study we have used the ZHCHFCD; data as independent
CRCICHFCD, 94.6 support for the threshold energies rather than trying to employ
él?’_";'?memhangelg_'éxl(lﬁos g:gi ig; gg:g g:ég kinetic-isotope effects as tests of trgns.ition-state structures.
1,2-CIH 5.3x 10° 46x10F 625 2.29 The rate constant for 2,3-CIH elimination from §FHCICHs
1,2-FH not observed >69 1.16 also was fitted, and thEp value is listed in Table 4. The larger
CRCHCICHs . 1048 . experimental uncertainty for the rate constant of reaction 6 leads
czfl?i-gi;'terchanges%g.x7lx°105)e 6:3x 10 (%658%;0 464 us to assigrig(2,3-ClH) = 59 + 2 kcal mot™. The calculated
1,2-FH not observed ~67  3.59 rate constant for 2,3-CID elimination with a 1.0 kcal mbl
CRCHCICD; 105.1 larger Eo satisfactorily matches the experimental result. Ac-
2,3-CID 2.1x 10 25x 10" 60.0  4.45 cording to zero-point energy changes, the difference in threshold
CI-F interchange #5.2 x 10°)° (~68y energies should be 1.09 kcal mél The similarity of Eq(2,3-
1,2-FH not observed >69%

. . . . FH) from CRCICHFCH; andEg(2,3-CIH) from CRCHCICH;
2In units of s °In units of kcal mot*, assigned by matching  js somewhat surprising. Considering the uncertaintiekejp

k(expt) andkgsfor CRCICHFCH; and CRCHCICHs. The Eq values 2 3-CIH). in the calculations and IE(CFCHCIC HCI
for CR,CICHFCD; and CRCHCICD: also were obtained from fitting (Oluld be)’lower than 59 kcal mol IgorFsexampI;b)aD IrEgEiucti)on
the experimental rate constants. Another method is to use the threshoIcP 4 >

energies of CFCICHFCH; and CECHCICH; plus zero-point energies N [E(CFsCHCICHg)[of 2 keal mol™* would require a 0.5 keal

(see text)¢ Thermal pre-exponential factor at 1000 K in partition func- mMol™* reduction inE, to have the samée. However, the
tion form. To make direct comparisons among the different channels difference betweeky(2,3-FH) andEy(2,3-CIH) is not large, as
of CRCICHFCHy(CD;), the symmetry number for internal rotation of ~ demonstrated by the detailed stéd§ CRCCIFCH; for which

CHs(CD3) was maintained as 3 for all calculations wifhas 1 for 1,2- the difference in threshold energies was just 2.8 kcal #nol

CIH, 1,2-FH loss, and CIF interchange. For ease of comparison with ; : :
2,3-FH loss from CECICHFCH;, the internal rotational symmetry num- The actual difference in threshold energies fopCIEHFCH;

bers for both CH and CF in CRCHCICH(CDs) were taken as 3; ~ and CRCHCICHs is probably around 2 kcal mot. The 1,2-
thus, the pre-exponential factor for 1,2-FH loss fromCIHCICH, must FH elimination reaction from GEHCICH; was not observed;

be divided by 3 for comparison to 1,2-FH loss fromyCIEHFCH(CDs). however, the threshold energy should be comparable to that for
d Although 1,2-FCl interchange was not observed, the rate constant was1,2-FH elimination from CECHFCH;,® which is ~73 kcal
estimated from the rate constants of the forward reaction and the equili- mo|-1, The 1,2-FCl interchange rate is very slow relative to
brium constant between the KRCHFCH(CD;) and CECHCICH(CD;) 2,3-CIH elimination from CECHCICHs: however, the reverse

molecules.Ey; was estimated a&o(CIF,CRCICHFCH;) — AH®g. L -
¢ Assigned from the claim thd{(1,2-FH) is equal to or less than one- reac_tlon is only 5660% slower than '_'eacuon 4d because of
eighth of thek(1,2-CIH) ork(2,3-CIH); see text. partial compensation for the energy difference by the effect of

the symmetric Ck rotor on the density of states of gF
absolute values fdgg(1,2-CIH) = 62.5,E4(2,3-FH)=59.5 and CHCICHs.

Eo(CI—F) = 57.5 kcal mot? to be reliable to withint-1.5 kcal
mol‘l._ The basis for the assignment of this uncertainty was 4 piscyssion
given in ref 6. However, the differences betweenByevalues
should be more reliable, because they depend only on the 4.1. Comparison of 1,2-CIF Interchange and 2,3-FH
branching ratios. The €IF exchange reaction has the lowest Reactions of CRCICF,CH3; and CF,CICHFCH 3. In this
threshold energy. Because the 1,2-FH reaction was not observedsection we will compare threshold energies, which requires
the rate constant must ke8 times smaller than for 1,2-CIH  fitting the experimental rate constaht®r CRCICF,.CH3; by
elimination, which sets a lower limit tdco(1,2-FH) of ap- the same methods used for LHKCHFCH;. Thus, new DFT
proximately 69 kcal moll; which is consistent with 71.2 kcal ~ calculations were done using the 6-31Gfd basis set. The
mol~! calculated from the 6-31G(g@') basis set. calculated threshold energies were 64.2 and 65.1 kcal'mol
The experimental rate constants from ,CECHFCD; first for CIF interchange and 2,3-FH elimination, respectively; the
were treated as an independent data set, Bndalues were corresponding values from the 6-3&G(2d,p) basis sébwere
assigned to give satisfactory matches between experimental and2.5 and 63.8 kcal mot. The I 4 for the HIR models were
calculated rate constants for the three observed reaction chaneonstructed from the calculated structures. The pre-exponential
nels. The assigne, for 2,3-FD elimination is 1.0 kcal mot factors for the reactions of GEICF,CHz were quite similar to
higher than thé, for 2,3-FH elimination from CECICHFCHs. those given in Table 4 for GEICFHCH;. The main difference
On the basis of the zero-point energies calculated from DFT, between the two systems is the higher density of states, because
the difference should be 1.0 kcal mé| and the agreement is  of the additional F atom, for GEICF,CHg; see Table 5. The
excellent for the 2,3-HF(DF) reaction. The fittég values for experimental rate constants, adjusted to the collision parameters
1,2-CIH and 1,2-CIF interchange reactions frompyCIEHFCD; used in Table 2, for CJEICFR,CH;z arek(1,2-CIF)= 4.3 x 10*
are the same as from @EICHFCH;. Zero-point energy andk(2,3-HF)= 6.5 x 1(° s~ Fitting these experimental rate
considerations also predict that the threshold energies for CF constants foflEC= 98 kcal mot? gives threshold energies of
CICHFCH; and CRCICHFCD; should be identical for these 67 and 65 kcal mol* for the 1,2-CIF and 2,3-HF channels,
two channels. The kinetic-isotope effects for the 1,2-CIF and respectively. These threshold energies are higher than those from
1,2-CIH processes are purely statistical secondary kinetic-isotopeCF,CICHFCH;, as expected for transition states with an
effects. The molecular density of states ratio (7.6 at 94 kcal additional F atom on a carbon atom that is in the four-centered
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TABLE 5: Comparison of 2,3-FH Elimination Reactions transition state are extended by about 50% relative to the CF
ke(expt),  [ED N g5 = CICHFCH, the entropy of activation is-1.3 cal mot! Kt at _
molecule st kcal/mol statesicm!  kcal/mol 800 K for the HIR model, and the transition-state structure is
CRCHFCHP  37x1C° 97 0.96x 10 60515  relatvely rigid _ _
CRCRCHz* 7.7x 10° 98 14x 106 65+ 2 We also searched for CIF interchange in some ethane and
CRCFCICH*  5.6x 10° 94 48x 10t 61.3+15 propane molecules containing only fluorine and chlorine

ggg:ggﬁﬂb" 21x g o ig‘; 295+15  atoms®®Vibrationally excited CECICF.CFs, CRCICR,CRCI,

2 o X and CRCICF,CI molecules were generated by (i) photolysis of
~ *Density of states for hindered internal rotor model at 95 kcaftol  (CF,CI),CO, (ii) co-photolysis of (CE),CO with CRCICF,I,
|nter'nal energy. Symmetry numbers of 3 feCEg and —CHjs rotors and (iii) co-photolysis of CH with CF.CICF,l. Experiments
are included; the symmetry number feiCF,Cl is 1."Reference 6. a6 done over the (0.241.1) x 104 Torr range of pressure.
“Reference 3: This work.©Data from ref 5 withke(expt) adjusted The expected radical recombination products were observed at
to the collision cross sections used in the present weylyas assigned . A
in this work. high pressure. However, no evidence was found for molecules

formed by CHF interchange. At the lowest pressures, the total

ringé2or on a C atom that is part of the bridged transition state. number of products increased, anetCl bond rupture probably
Just as for CFCICHFCH, the DFT calculated threshold energy Was occurring. Apparently, the threshold energy for-El
for CIF interchange for CfEICF,CH; is slightly below the interchange is quite high for these three molecules. DFT
experimental value. The calculat&g(2,3-FH) values, for the  calculations’ for CRCICF.CI at the B3PW91/6-31£G(2d,p)
lowest energy conformer of the transition state, are close to thelevel gave 70.4 kcal mot as the threshold energy for GF
experimental values for both molecules. The largest discrepancyCFCk formation, and the true value may be even higher. For
between the experimental and calculated threshold energies ighese three molecules, CIF interchange is not competitive with
for 1,2-HCI elimination. C—Cl bond rupture fofEf~ 95 kcal mot™.

We also took this opportunity to use the molecular and  On the basis of the somewhat limited number of examples,

transition-state structures from the 6-31G(2d,p) basis set to the variation of the threshold energies for CIF interchange with
calculate RRKM rate constants for @ECF,CHs. These rate substituents on carbon atoms 1 and 2 seems to follow those for
constants differed by less than 15% from those described aboveHF or HCI elimination® That is, the presence of H atoms or
and the assignety(1,2-CIF) andEy(2,3-FH) would be un- CHs; groups on the carbon atoms in the bridge seems to lower
changed. This comparison supports previous claims that ratethe threshold energy for interchange. A systematic computational

constant calculatiod$ are not very sensitive to the basis set investigatiod’ of threshold energies for £F,Cl, molecules
used to obtain structures of the transition states. shows that CtF interchange usually needs to be included as

The rate constants, density of states, and threshold energie®N€ Of the possible competing unimolecular reactions.
for 2,3-HF elimination of several fluoropropane molecules are ~ 4.3. Comparison of Transition States for 1,2-FH and 1,2-
summarized in Table 5. The density of states increases as heavycIH Elimination Reactions. A previous stud§of CF;CHFCH;
atoms are added to the molecules, but this effect on the ratedemonstrated that the pre-exponential factor is a factor of 2
constants is partly counterbalanced by an increase in the sumdarger for 1,2-FH elimination than for 2,3-FH elimination, which
of-states for the transition state. Providing that the internal corresponds to a higher entropy (1.4 cal moK™1) for the
rotation modes are similar, the net effect on the overall ratio is 1,2-FH transition state. This is somewhat counter intuitive given
a factor of 1.7 for exchange of one H atop&®F atom and 2.0  the presence of a GHnternal rotor in the 2,3-FH transition
for exchange of one H atom by a Cl atom, and the main factor State versus a CHotor in the 1,2-FH transition state. However,
that determine&e is still the threshold energy. On the basis of the 1,2-FH transition state has low bending frequencies associ-
the CRCHFCH,—CRCICHFCH; and CECFR,CH;—CRCICF- ated with the CEgroup in proximity to the F atom in the four-
CHs pairs, the substitution of a Cl atomrfa F atom in the Cf membered ring. The: 10 kcal mof* higherEo(1,2-FH) ensures
group does not change thkg for 2,3-HF elimination. However, that 2,3-FH elimination is still the dominant reaction path.
the threshold energies for @ERCH; and CRCFCICH; are Transition states for HCI elimination generally have larger pre-
not equal, and the effect of a Cl atom in the secondary position exponential factors than HF elimination, if all other factors are

is similar to that of the H atom in GEHFCH. constant;® and the calculated pre-exponential factors fog-CF
4.2. Nature of CIF Interchange ReactionsThe observation ~ CHCICHs in Table 4 show that 2,3-CIH elimination is favored
of CRsCHCICH; from reaction 4d proves the 1,2-€F inter- by both the pre-exponential factor and the low threshold energy.

Change mechanism for %lCFHcl-b The observed final The 1,2'FH and 1,2'C|H processes are in Compe“tlon fO,_i'- CF
products also are convincing evidence for 1,2-Elinterchange ~ CICHFCH; and, as expected, the transition state for CIH
in CR,CICF,CHs,45 CFCH,CI,10.12 and CRHCH,CI.10.11 The elimination is less rigid with a 2-fold larger pre-exponential
transition state for GIF interchange is a double-bridged factor. The pre-exponential factor for the overall 2,3-FH
structure with the F and C| atoms near|y equidistant from each elimination becomes Comparable to that for 1,2'C|H elimination
C atom; see Figure 1. The-& distances are 1.85 and 1.79 A, for CR.CICHFCH; as a consequence of the presence of the CF
for carbon atoms 1 and 2, respective|y, and the Correspondingcl rotor for 2,3'e|iminati0n. Because threshold enel’gies are
C—Cl distances are 2.38 and 2.36 A The geometry around theintrinsica"y lower for 2,3-XH than 1,2->H elimination from

two carbon atoms is quasi planar, and the carbon atoms haveCX'sCHXCHs type molecules, CIEICHFCH; is an unusual
nearly sp geometry with a G&C distance that is midway example for which HF elimination is dominant over HCI
between that of the parent molecule and the product olefin. The elimination.

transition-state structure from the 6-31G(2d,p) basis set was The experimentally assigned value fig§(1,2-CIH) is 62.5
nearly identical to that from the 6-31G(g) basis set. One way  kcal mol%, which is ~5 kcal mol?! higher than the DFT

of thinking about the transition state is to imagine the simul- calculated value from either basis set. The calculated values
taneous free-radical addition of one Cl atom and one F atom toare only 2-3 kcal mol® higher than theEy for CHzCH,ClI,
CF,=CHCH;. Although the C-F and C-CI bonds in the which seems too low given the presence of three out-of-ring F
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atoms in the 1,2-HCI elimination transition state for £F  state than in the parent alkane. This somewhat resembles the
CICHFCH;.6 Because reaction 4a was not actually observed, halogen atom migration process for halogenated alkyl radi-
Eo(1,2-FH) could not be experimentally assigned. On the basis cals32-37 The DFT calculations at the B3PW91/6-31G()

of a limit of k(1,2-FH) < Ygk(1,2-CIH), theEq(1,2-FH) must or /6-311G(2d,p) levels underestimate the threshold energy
be =69 kcal mot?. This estimate would place the threshold for 1,2-CIF interchange, but only by-2 kcal mof.

energy close to the DFT calculated values, which also are typical
for 1,2-FH elimination from CECH;R (R = X or CHj3) type

molecules The DFT calcul_atl_ons_ are usually more_re_llable for provided by the U.S. National Science Foundation under grants

threshold energies of HF elimination than for HCI eliminatién. CHE-0239953 and MRI-0320795. We thank Mr. Brian Winslett
In principle a comparison of thres_hold en_ergies between CF ¢, permission to quote the studies of LHCHCI and Ch-

CICHFCH; and CRCICHs should be illustrative. Unfortunately, CICR.CF; and Mr. Jason Batchelor for his preliminary work

the published results for GEICH; are not self-consisteri£?-30 with the CRCICHFCH, and CRCICHFCD; systems.
although the dominance of HCI elimination with a lower

threshold energy can be accepted. Thermal activation studies ) ) ) )

are complicated by a chain reaction. The most recent sfudy, ~ Supporting Information Available: Table S1 contains
which modeled the simultaneous unimolecular HCI loss and the frequenices and moments of inertia computed for the reactants
radical reactions, favordg,(HCI) = 55.3 kcal mot®. However, and transition states for GEICFHCH; and CRCHCICH; and
earlier work2® which tried to eliminate the radical chain this material is available free of charge via the Internet at http:/
complication, gaveEJ(HCI) = 60 kcal mof?, and an unpub-  Pubs.acs.org.

lished work® gave E{(HCI) = 69 kcal motl. Two chemical
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