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A Kinetic Study on the Reaction of CHF; with H at High Temperatures
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The reaction of CHE(HFC-23) with H atoms has been investigated by using a shock-@atoenic resonance
absorption spectroscopy technique over the temperature range 1380 K and the total concentration range
5.5 x 10'—8.5 x 10'® molecules cm?®. Ethyl iodide was used as a precursor of hydrogen atoms. The rate
coefficient for the reaction CHF H — CFK; + H, (1a) was determined from the decay profiles of H-atom
concentration to b, = 10798%010exp[—(64.6 &+ 2.3) kJ mot/RT] cm® molecule? s7* (error limits at the

1 standard deviation level), which is 560% smaller than the value recommended by the NIST group. The

rate coefficient was also calculated with the transition-state theory (TST). Structural parameters and vibrational
frequencies of the reactants and transition state required for the TST calculation were obtained from an ab

initio molecular orbital (MO) calculation. The energy barriEsf, which is the most sensitive parameter in
the calculation, was adjusted until the TST rate coefficient most closely matched the observed one. This
fitting yielded E;* = 59.0 kJ mot?, in excellent accord with the barrier of 62.0 kJ miotalculated with the
ab initio MO method at the G2(MP2) level.

Introduction tube. This shock tube is structurally similar to that reported by

Halons, bromine-containing perhalogenated carbons such ad<0shi et al* and consists of a 19.3-cm diameter23.5-cm
CF3Br, CRBICI, and GF,4Br., have been used for many years Iong_ dr|ver_ section and a 6.2-cm d|am¢ter460_-cm long test
as gaseous fire-extinguishing agents. They have high fire-ex- section which are separated by an alummum p|st9n. Eagh shqck
tinguishing abilities because of their chemical suppression mech-Wave was generated by removing the piston rapidly. With this
anism, that is, bromine-containing species can catalytically re- SyStém, the inner wall of the shock tube could be spared from
move active species from the combustion zérBue to serious ~ Various contaminations because it was not exposed to atmo-
concerns about ozone depletion in the stratosphere, howeverSPheric components during the experiments. The test section
the production of halons has already been prohibited and theWas evacuated by a turbomolecular pump to pressures down to
development of alternative compounds is proceeding rapidly. 1 x 107° Torr, in which the residual gas was practically free

Recently, trifluoromethane (CHPHFEC-23) was noted as one from hydrocarbons. To measure the incident shock velocity,
of the candidates to replace halons. Nevertheless, its inhibitionthree piezoelectric pressure transducers were mounted on the
mechanism is unknown so far, due to the absence of kinetic shock tube wall at 25-cm intervals near the end of the test
data for high-temperature reactions in fluorocarbon combustion. section. The temperature and pressure of the shock-heated test
As a first step in our research on the flame suppression bysCHF gas were calculated from the incident shock velocity using
we focus on the kinetics of the reaction standard methods.

CHF, + H— CF, + H, ARAS. The time-resolved concentration of HSf, the
ground state) atoms was monitored by atomic resonance
absorption spectroscopy (ARAS). A microwave discharge lamp,
in which helium containing 1% hydrogen was flowing at a
pressure of 4 Torr, was used as a light source of H-ARAS. The
the NIST group, and later revised downward to kg = resonant radiatior?P;,—2Sy, 121.6 nm) from the lamp passed
10719831300 exp(—38.9 kJ mot/RT) cm® molecule! s13 through two Mgk windows (1-mm thickness) mounted on the
These rate coefficients are fairly uncertain because they haveshock tube walls at a position 2 cm from the end plate. The
been estimated from the rates of the reverse reaction transmitted light was isolated by a 20-cm vacuum ultraviolet
CF, + H,— CHF, + H (—1a) monochromator (Minutesman 302-VM), which was evacuated
to a pressure less thanx4107° Torr, and detected by a solar-

In the present study, the forward rate coefficient for reaction blind photomultiplier tube (Hamamatsu Photonics R1459). The
(1a) was experimentally determined by using a shock-tube signal was then recorded on a digital storage oscilloscope
atomic resonance absorption spectroscopy technique over thgHitachi VC-6165).
temperature range 116a350 K. To evaluate the validity of Measurements. Measurements of the rate coefficient for the
the experimental results, the rate coefficient was also calculatedcyr, + H reaction were carried out in a mixture of 2 ppm
via the transition-state theory. C;Hsl—0.2% CHR—Ar by monitoring H-atom concentration
in real time. The experimental temperature and total concentra-
tion ranges were 11001350 K and 5.5x 10'8—8.5 x 10'8

Shock Tube. All experiments were performed behind molecules cmd, respectively. Under the present experimental
reflected shock waves in a diaphragmless stainless steel shockonditions, H atoms were rapidly produced through thermal

(1a)

which is one of the most important inhibition reactions. The
rate coefficient for reaction la was reported to kg =
107195513.00 exp(—35.6 kJ mot/RT) cm? molecule! s71 2 by

Experimental Section
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decomposition of ethyl iodide. Hydrogen atoms might also have
been generated due to wall contaminations or resident impurities,
thus blank tests with argon alone were performed during the
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Wintergerst and Frafkhave experimentally confirmed that the

ratios of H and | atoms formed via the thermal decomposition
of ethyl iodide were 1.Gt 0.1 during the reaction time, and
-100 O 100 200 300 400 500 that the ethyl iodide could be exploited as a quantitative H atom
t/ us source if the absolute concentration of | atoms was found. In
Figure 1. Typical atomic absorption profiles in 2 ppmgldsl—Ar this work, the_absorptlon of | atoms at 183.'0 nfﬁs(z_ZP?’./z.)
mixture. (a) H-ARAS signal at 121.6 nm. (b) I-ARAS signal at 183.0 Was also monitored under the same experimental conditions as
nm.t = 0 denotes the arrival of reflected shock wave at the observation the H-ARAS measurements, as shown in Figure 1b. The
station of ARAS. comparison between parts a and b of Figure 1 shows that the
L . sensitivity for I-ARAS is lower than that for H-ARAS. Win-
measurements, confirming the absence of background S|gnalstergerst and Frafkperformed the calibration with I-ARAS at

Calibration f_or H'ARAS was perfo_r m(_ad in mixtures of :8 164.2 nm {Py>,—2P3) and obtained the same sensitivity as
ppm GH diluted in argon by monitoring both H and latoms. |, ApaAs We could not calibrate with I-ARAS at 164.2 nm
For the thermal decomposition of ethyl iodide, as mentioned because Cf was used as a source gas of the resonance lamp
later, equimolecular amounts OT Hand | atoms are form_ed. The and the light emitted from the excited carbon atoms overlapped
absolute concentration of iodine atoms was determined by ith th liaht of iodi ¢ 11642 H
I-ARAS (“Ps;2—2P3/2, 183.0 nm), for which the calibration was wi € resonance light of lodine atoms & L nm. .owever,
' ' the use of I-ARAS at 183.0 nm appears to give no serious error

previously discussed. for the determination of the rate coefficient. The calibration
Gases. High purity helium (99.995%) was used as the driver s ;
igh purity hefium ( ) was u v for I-ARAS at 183.0 nm was performed previously in shock-

as. Scientific grade argon (99.9999%) was the diluent gas.
g g gon ( ) 9 tube experiments that employed mixtures of {LHAr and

Ethyl iodide (99.0%) was purified by trap-to-trap distillation, s YR
while trifluoromethane (99.95%) was used without further CFsl—Ar.> Therefore, the calibration for H-ARAS was per-

purification. formed by making the H-at.om absorbance correspond to the
absolute |-atom concentration after both atom concentrations
Results reached steady states.
Calibration for H-ARAS. The calibration experiments for The calibration results for H-ARAS are shown in Figure 2.
H-ARAS were performed in mixtures of8sl highly diluted The Beer-Lambert law cannot be applied in the present study.

in argon. A typical absorption profile of H atoms at 121.6 nm The apparent absorption coefficients, which mean the tangential
is shown in Figure la. Immediately after the arrival of a slopes of the calibration curves, decrease with the H-atom
reflected shock wave, the absorption of H atoms rapidly rises concentration due to self-absorption or self-reversal. At the
to reach a nearly constant value. At temperatures above 1100same H-atom concentration, the absorbance increases somewhat
K, ethyl iodide is decomposed via two channels: with the temperature, because the Doppler width of the
absorption line broadens with temperature. Assuming the
CoHgl =~ CHs + 1 (2a) modified Beefr-Lambert equation

C,Hgl — C,H, + HI (2b)
_ | In(ig/1) = aT’[H])”
Subsequently, the ethyl radical produced through reaction 2a
rapidly decays to become ethylene and hydrogen atom.
we determined values for the three parameterg( andy) by
CHs (+ M) — CH, + H (+ M) (=3) a least-squares method as follows:
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Figure 3. Energy diagram for CHF+ H system. The energies are

calculated at the G2(MP2) level and are corrected for the zero-point

vibrations.
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Figure 4. Typical absorption profiles at 121.6 nm in 2 ppraHzl—
0.2% CHR—Ar and 0.2% CHE—Ar mixtures.
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Figure 5. Typical concentration profile of H atoms in 2 ppmHd|—
0.2% CHR—Ar mixture. Curve A, B, and C denote the profiles
calculated by varyindua in the reaction scheme of Table 1.

TABLE 1: Reaction Scheme for the GHsl —CHF3; System

forward rate coefficierit
reaction logA n E/R ref
la CHR+H—CR+H; adjusted

2a GHsl — CoHs + 1 11.79 0.00 20200 11
2b GHsl — CoHy + HI 11.11 0.00 19500 11
3 GHs+H(H+M)— high —10.44 0.00 1030 12
CoHs (+ M)P low —19.76 —2.80 —24 12

4 CHR+M— 6.60 —4.00 34700 2

CR+HF+M

5 CR+H—CR+HF —10.04 000 O 2
6 CR+H—CF+HF —10.40 000 O 13
7 CHsl +H— CHs + HI —9.24 0.00 1760 1
8 CHsl +1—CHs+ 1, —10.18 0.00 8410 1
9 F+F+M—F+M —33.56 0.00 O 1
10 F+H+M—HF+M —29.58 —1.00 O 1
11 R+H—HF+F —9.70 0.00 1210 1
12 HF+H—H;+F —9.44 0.00 17000 1
13 I+1+M—I,+M —3457 100 O 1
14 1+H+M—HI+M —34.48 1.00 0 1
15 L+H—HI+I —-9.39 0.00 O 1
16 HI+H—H;+1 —-10.26 0.00 O 1
17 H+H+M—H;+M —29.56 —1.00 0 12

aForward rate coefficients in the forka = AT" exp(—E4/RT), in

cm?, molecule, s, and K units. Reverse rate coefficients were calculated

The calibration curves calculated from this expression ap- from the forward ones and the equilibrium constahRressure-

proximate the experimental data well, as shown in Figure 2. gependent falloff reaction. At any pressure, the rate coefficient was

Taking account of the light path-length for absorption, that is, calculated fromk = keo[(ko[M)/ k=)/(1 4 ko[M]/ Kw)] Where ko and k.,
the diameter of shock tube, we conclude that the sensitivity for were low- and high-pressure limit rate coefficients, respectively.

H-ARAS measured in the present work is reasonable in

comparison with the results previously reported by other by using the Gaussian 94 progrénkigure 3 shows the energy

workers’

Rate Coefficient. The reaction of CHEwith H involves

two competing channels
CHF;+H—CF,+H,

CHF, + H— CHF, + HF

AH°, = 7.00 kI mal* (1a)

AH°y, = —42.2 kI mol*
(1b)

diagram for reactions la and 1b calculated at the G2(MP2)
level1° The energy barrier of reaction 1b is about 115 kJThol
higher than that of reaction 1a, although the enthalpy of reaction
1b is lower than that of reaction 1a. This difference in energy
barriers means that the branching rakig/ki, can be estimated

to be (0.3-3.5) x 107° at 1156-1350 K, assuming that their
preexponential factors are identical. Therefore, reaction 1a was
estimated to be the dominant channel and reaction 1b negligible.

Measurements of the rate coefficient for the GHF H

where the enthalpies of formation for these chemical species,reaction were performed with a mixture of 2 ppmHzl and
AH¢°ok, were taken from the JANAF thermochemical taBles 2000 ppm CHE, diluted in argon. A typical absorption profile

except that for CHE; which was taken from a NIST technical

at 121.6 nm is shown in Figure 4 together with a profile for a

report? To predict the branching ratio for the above channels, mixture that did not contain £Eisl. Due to relatively high
an ab initio molecular orbital (MO) calculation was performed concentrations of CH§-the absorptions of not only H but also
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TABLE 2: Summary of Rate Coefficients Measured for the Reaction CHR + H — CF; + H,

reflected shock region

P;2 Ul T [M] [C2Hsl]o [CHF3]o Kia
(Torr) (mms™?) (K) (molecules cm?®) (molecules cm?®) (molecules cm?®) (cm® molecule s73)
[CHF3]o = (1.144 0.02) x 10* molecules cm®
33.0 0.748 1341 5.64 108 1.13x 10 1.13x 10 5.31x 10713
33.0 0.744 1327 5.6 10'8 1.12x 10 1.12x 10 5.15x 10713
35.0 0.721 1255 5.74 10'8 1.15x 10 1.15x 10 3.32x 10713
35.0 0.718 1246 5.7 10'8 1.14x 108 1.14x 10 2.99x 10718
36.0 0.706 1208 5.7% 108 1.15x 10 1.15x 10 2.66x 10713
37.0 0.690 1159 5.7% 10'8 1.15x 10 1.15x 10 2.16x 10718
38.0 0.667 1090 5.6% 108 1.13x 10 1.13x 10 1.33x 10718
39.0 0.653 1050 5.64 108 1.13x 10 1.13x 10 9.96x 104
[CHF3]o = (1.654 0.04) x 10* molecules cm?
47.0 0.749 1345 8.08 108 1.61x 10 1.61x 10 498x 10713
50.0 0.737 1304 8.4 108 1.68x 10 1.68x 10 3.99x 10713
51.0 0.720 1251 8.3% 10'8 1.67x 10 1.67x 10 2.76x 10713
51.0 0.717 1241 8.3% 108 1.66x 10 1.66x 10 2.99x 10713
51.0 0.709 1218 8.2 10'8 1.64x 10 1.64x 10 2.49x 10718
52.0 0.704 1202 8.29 108 1.66x 10 1.66 x 10 2.37x 10713
52.0 0.695 1175 8.1% 108 1.63x 10 1.63x 10 2.04x 10713
53.0 0.687 1149 8.19 108 1.64x 10 1.64x 10' 1.65x 10713
53.0 0.677 1121 8.0% 10'8 1.61x 10 1.61x 10 1.58x 10718
57.0 0.653 1052 8.26 10'8 1.65x 10 1.65x 10 1.02x 10713

aPressure ahead of incident shock waimcident shock velocity.

CHFR; were found at 121.6 nm. So the net absorption of H atoms -11.5
was obtained by correcting the ARAS signal with the GHF

C,Hsl—Ar mixture for that due to absorption by the CEFAr

mixture that was obtained under the same experimental condi-

tions. The concentration profile of H atoms determined from

the net absorption is shown in Figure 5. In the presence of — _y0¢9 |
CHFs, hydrogen atoms formed initially in the pyrolysis of ethyl
iodide; namely, reactions 2a and3 decay mainly through
reaction la. The concentration profiles of H atoms were
calculated by numerically integrating the rate equations in the
appropriate reaction scheme of Table 1. The rate coefficient
for reaction lak;, was adjusted so that the calculated curve
most closely matched the observed one, as shown in Figure 5.
The observed rate coefficient was found to be independent of
the initial concentration of CHf= Rate coefficient values for
reaction 1a, derived under various experimental conditions, are
summarized in Table 2, and the Arrhenius plokgfis shown -13.0
in Figure 6. A least-squares fit of the present experimental data
yielded the following Arrhenius expression over the temperature [CHF3J5=1.1x10'® molecules-cm™
range 1106-1350 K B [CHF,],=1.6x10" molecules-cm™
- « - = Recommended by NIST (1995}
ky,= 10 %80 10exp—(64.6+ 2.3) -135 L . L

kJ mol /RT] cm® molecule s * 6 7 8 9 10
- . - T' /710K
where the error limits are given at the 1 standard deviation level. Figure 6. Arrhenius plot of the rate coefficienkq) for the reaction
As shown in Figure 6, the present results are-60% smaller CHF; + H — CFs + H,. (@) Present results measured at [GHF=
than the rate coefficient expression recommended in the NIST 1.1 x 106 molecules crm®. (W) Present results measured at [GHF
report? = 1.6 x 10' molecules cm?. (- - -) Recommendation by the NIST
To evaluate the validity of the experimental results, the rate group? (—) Results of TST calculation.

coefficient for reaction 1a was also calculated via the transition- ) N
state theory (TST). The TST rate coefficiektsST, can be The geometries for the reactants and transition state were deter-

expressed as follows mined by an ab initio MO calculation at the MP2(full)/6-31G-
(d) level. The vibrational frequencies were computed at the
S -
) TST:FI*E Q* ex;{—E—o HF/6-31G(l) level and scaled by a factor of 0.892%o0
1 h QCHFsQH RT,

TST (Ex*=51.3 kd-mol™)

-1 _-1

3
log [ ki, / cm’molecule™'s

-125 f

TST (E,*=59.0 kd-mol™)

compensate for known systematic errofswas roughly esti-
mated by using the Wigner expressiobased on the imaginary
frequency for motion along the reaction coordinatebecause

I* is the reaction path degenera&’ is the energy barrier at 0

K, and theQ’s are the partition functionsks and h are the 1 ()2 kgT
Boltzmann and Planck constants, respectively. All parameters I'~1- AT —
required for the TST calculation are summarized in Table 3. K E
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TABLE 3: TST Calculation Parameters for the Reaction

J. Phys. Chem. A, Vol. 101, No. 48, 1999109

1
CHF3 +H— CF3 + H2
reactant transition state (2a) @M-an
CHR;s H TS(1a) —
molecular weight, g moft  70.014 1.008 71.022 . 0 —
spin multiplicity singlet doublet doublet fn
Eo, kJ mol?! adjusted Ee)
structural parameters ~ -1} 4.6
point group Csy Cs, T
r(H'—H), A 0.879 ™
r(C—H), ﬁ\ 1.089 1.423 o (1a)
r(C—F), 1.343 1.332 ®©
O(H'—H—C), deg 180.0 -2 k 2pmezH5I—0.2%CHF3—Ar
0(H—C—F), deg 110.5 108.8 1251 K, 1.423 atm
6(F—C—F), deg 108.4 110.1 [C;Hst]o=1.67x10" molecules-cm™
moments of inertia 18 -3
=1. lecules*
la, g CT? 8.213x 10% 9.491x 107 [CHF4ly=1.67x10™" molecules-om =
Iy, g CITP 8.213x 10°% 9.491x 10°% -3
le, g Ccn? 1.498x 10738 1.505x 10738 0 100 200 300 400 500
vibrational frequencies, ch 3036 2147
1414 (2) 1441 t/us
1186 (2) 1302 (2) Figure 7. Sensitivity analysis of the rate coefficients for H-atom
1127 1146 (2) concentration in 2 ppm £Es1—0.2% CHR—Ar mixture. Numbers in
681 1005 the figure denote the reaction numbers given in Table 1.
492 (2) 662
gg? g; dominant pathway for H-atom consumption instead of the focus

reaction la.

The energy barriefss*, which is the most sensitive parameter

in the calculation, was adjusted until the TST rate coefficients CHR; +M —CR,+HF+ M (4)
most closely matched our experimental results and the values
recommended by the NIST grod@hese TST rate coefficients CFr,+H—CF+HF (6)

are drawn with two solid lines in Figure 6. The fitting to our
experimental results yielddgy* = 59.0 kJ mot?, in excellent
accord with the barrier of 62.0 kJ mdlcalculated with the ab

So the rate coefficient for reaction la had to be determined
indirectly by fitting the H-atom concentration profiles calculated

initio MO method at the G2(MP2) levé!. In contrast, the fitting ~ bY using the reaction scheme proposed in Table 1 to the
to the NIST’s recommended value ledEgf = 51.3 kJ mot?, observed ones. To check the influence of reactiond2on

which was beyond the limits of the average absolute deviation the determination dfy, sensivity analyses were made by using
at the G2(MP2) level. the CHEMKIN-I1'6 and SENKIN” program codes. Typical
time-resolved profiles of the normarized first-order sensitivity
coefficients for H-atom concentratiof(log [H])/(dlog k;), are
shown in Figure 7. The calculation shows that reaction 1a is
most sensitive for H-atom concentration and that the present
experimental conditions are suitable to derkgg In contrast,
diH the concentration of H atoms will never be affected by reactions
K= — 1 (H 3 and #~17. The kinetic data cited for reactions 2a and 2b
@, {CHF;[[C,Hel], dt l=0 have been directly measured by using a shock t#/RAS
techniqué! Even if they are not accurate, these rate coefficients
where®,, is the branching ratids,/(koa + Kop). This equation cannot create a large error in the determinatiorkaf The
can be applied on the assumptions that (i) the production of sensitivity coefficients for reactionsb are also not O, but they
hydrogen atoms from ethyl iodide is completed immediately at are very small. For example, an uncertainty450% fork,—
t =0 and (ii) the competitive reactions for H-atom consumption ks only causes an error 0f-3%% tok;, at 1250 K. Therefore,
are negligible. However, these two assumptions could not bewe can conclude thak;, has no serious error due to the
satisfied simultaneously in the present system. The times whenuncertainty of kinetic data for these side reactions.
99% of hydrogen atoms are formed through the reaction The TST calculation yieldeH," = 59.0 kJ mot? from fitting
sequence, reactions 2a an@, are estimated to be 51& at to our measured rate coefficient, in excellent accord with the
1100 K and 32s at 1300 K, respectively, which are too long barrier of 62.0 kJ mal* calculated with the G2(MP2) theo#).
to derivek;, directly from the above equation. At temperatures In contrast, the fitting to the NIST’s recommendation vafues
above 1500 K, although the formation rate of H atoms is fast led to Eo* = 51.3 kJ mot?. Curtiss et at? reported that the
enough, reaction 4 and its subsequent reaction 6 become average absolute deviation was6.61 kJ mot?! for various

Discussion

In the present study, we first tried to derikg directly from
the following equation

TABLE 4: Comparison of Rate Coefficients for the Reactions CHF;—, + H — CH,—1F4—, + H>
D%ggk(C—H) rate coefficient at 1250 K

reaction I* (kJ mol?) ref (cm?® moleculel s™3) ref
CHsF + H— CH;F + H» 3 423.8 18 1.0« 10712 20
CHyF; + H— CHR, + H; 2 431.8 19 5.6< 10713 21
CHR+H—CRKR+H; 1 446.4 19 3. 10718 this work

6.9x 10713 3
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relative energies calculated at the G2(MP2) level. Inthe present  (6) Wintergerst, K.; Frank, PNineteenth Symposium (International)
study, the enthalpy of reaction 1a was calculated to be 9.42 kJon Shock Wees Vol. II; Springer: Berlin, 1993; p 77.
mol~! at the G2(MP2) level, of which the absolute deviation __(7) Just Th. InShock Waes in ChemistryLifshitz, A., Ed.; Marcel

. . Dekker: New York, 1981; p 279.
from the experimental data was only 2.42 kJ mol This (8) Chase, M. W., Jr.. Davies, C. A.; Downey, J. R., Jr.. Frurip, D. J

. , M. W., Jr.; Davies, C. A.; Downey, J. R., Jr.; Frurip, D. J,;

excellent agreement shows that the G'Z(MPZ.) energies for theMcDonald, R. A.: Syverud, A. NJANAF Thermochemical Tableard ed.
CHF; + H system can be calculated with a high accuracy and J. phys. Chem. Ref. Date985 14, Suppl. 1.
that the Ey* value obtained from fitting to the NIST recom- (9) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Gill, P. M. W.;
mendation is too small. Johnson, B. G.; Robb, M. A.; Cheeseman, J. R.; Keith, T.; Petersson, G.

Several kinetic studies on the reactions of other fluoro- A Montgomery, J. A.; Raghavachari, K.; Al-Laham, M. A.; Zakrzewski,
. . V. G.; Ortiz, J. V.; Foresman, J. B.; Cioslowski, J.; Stefanov, B. B.;
methanes with hydrogen atoms have been previously performedNanayakkara’ A.; Challacombe, M.; Peng, C. Y.; Ayala, P. Y.: Chen, W.:
at high temperatures. The rate coefficients for the reactions Wong, M. W.; Andres, J. L.; Replogle, E. S.; Gomperts, R.; Martin, R. L.;
CHnFs—p, + H — CHp—1F4—n + Hy at 1250 K are summarized  Fox, D. J.; Binkley, J. S.; Defrees, D. J.; Baker, J.; Stewart, J. P.; Head-

in Table 4 together with the reaction path degeneradies, ggLi%?éan';‘ﬁngt?slii’rg%; Ff’: plfé’gé'_ Aaussian 94W, Resion D.3

and_the dissociation energies of-@ bonds'DOZE?S'_((C_H),S' (10) Curtiss, L. A.; Raghavachari, K.; Pople, J.JAChem. Phys1993
Taking the present value fdg, these rate coefficients appear 9g 1293.

to increase as the number of abstractable H atoms from the (11) Okada, K. Master Thesis, Sophia University, 1996.
fluorocarbons becomes larger and as the dissociation energies (15 wilier, J. A.; Bowman, C. TProg. Energy Combust. Sc1989
of the C-H bonds become smaller. In contrast, the NIST 15, 287.

recommendation fdt; 5 does not fit this simple trend. Therefore, (13) Tsang, W.; Hampson, R. B. Phys. Chem. Ref. Datt986 15,
we conclude that the rate coefficient for reaction 1a determined 1087.

in the present study is more reasonable than the NIST recom-  (14) Foresman, J. B.; Frisch, M.Bxploring Chemistry with Electronic
mendation Structure Methods2nd ed.; Gaussian, Inc.: Pittsburgh, PA, 1996; p 64.

(15) Shavitt, 1.J. Chem. Phys1959 31, 1359.
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