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The Thermal Unimolecular Decomposition of Methyl Chloride
behind Shock Waves
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The thermal decomposition of methyl chloride diluted in Ar has been studied behind shock waves over the
temperature range between 1680 and 2430 K and the total density range of 2.0 x 10—8—3.5 X 10~5 mol cm—3.
The decomposition rate was monitored by means of the UV absorption of the CH, radical produced. The initia-
tion reaction was found to be the C-Cl bond fission; the process proceeded in the fall-off region under the present

experimental conditions.

obtained by the application of a refined RRKM theory involving a weak collision effect.

expressions were given as:

From the fall-off data, low- and high-pressure rate constants (k,/[Ar] and %.) were

Thus, the Arrhenius

ko/[Ar] = 10558 exp (—247 k] mol™*/RT) cm® mol™* 571,
k. = 10'3:86 exp (—383 kJ mol™1/RT) s~
The collision efficiency factor, ., was obtained as 0.02 at the mean temperature of the experiment by comparing the

low-pressure rate constant with the strong collision-rate constant.

The high-pressure rate constant was well

explained by the maximum free-energy criterion presented by Quack and Troe.

The thermal unimolecular decompositions of halo-
methanes are very interesting in the following points:
1) They are important test cases for the theories of
unimolecular reactions; 2) There are two possible
reaction channels as the initiation reaction (i.e., simple
bond fission and molecular elimination) ; 3) The pressure
dependence of the unimolecular reaction varies depend-
ing on the channel and halogen. The thermal decom-
positions were previously investigated behind shock
waves for CHF;,1-% CH,F,» CHCIF,,% CHCI,,*® and
CH,IL.” It was found that the decompositions of these
molecules are initiated uia the molecular elimination
except for the case of CH;I. A common feature of
these reactions is that the heats of reaction, AH?, for the
molecular eliminations are always substantially lower
than that of the simple bond fissions. In most cases,
the unimolecular processes of the molecular elimination
were in the high- or falloff-pressure regions under the
usual shock-wave conditions.®)  According to the
experimental results obtained hitherto, the molecular
eliminations which have three-center activated com-
plexes have potential barriers above, but not more
than 40 kJ mol-%, the heats of reaction. However,
for the case of CH,I, the value of AH? for the C-I bond
fission is rather lower than that of the HI elimination
by about 159 k] mol-. Moreover, the unimolecular
process of this reaction was found in the low-pressure
region. The energy-transfer efficiency in the CH,I-Ar
system was found to be very small.

For the case of CH,Cl, the heats of reaction of the
two channels are very close to each other (the AH?
for the C-Cl bond fission is less than that for the HCI
elimination by about 25 k] mol-1). It can, therefore,
be expected that the decomposition occurs mainly
via the C-Cl bond fission, as has been proposed by
Shilov and Sabirova,” who investigated the pyrolysis
in a flow system. If the experimental data for a uni-
molecular reaction are obtained in a pressure region,
it is, in principle, possible to evaluate the rate constants
over the whole pressure region involving low- and
high-pressure limits by wusing currently proposed
unimolecular theories. Thus, we can discuss, in the

high-pressure region, the intramolecular energy distribu-
tion and the form of the activated complex, and, in
the low-pressure region, the intermolecular energy
transfer.

The present paper will report the thermal decomposi-
tion of methyl chloride behind shock waves by monitoring
the CH; behavior. In this work, we could determine
high- and low-pressure rate constants from the fall-off
data for the primary unimolecular reaction.

Experimental

The experiments have been performed in a shock tube 5
cm in internal diameter. A detailed description of the
procedure was given in a previous paper.® The UV-absorp-
tion system in this work consisted of a deuterium lamp (HTV,
L544) as a light source, a monochromator (Jarrell-Ash, 0.25
M), and a photomultiplier (HTV, R106UH). Output signals
from the photomultiplier were fed into a pre-amplifier (Iwatsu
DA-2A) and then recorded with a transient recorder
(Kawasaki Electronica, TM-1410). The resultant rise time
of the signal was about 5 ps, enough for the present purposes.
The physical properties of the shock-heated gas were calculated
from the incident-shock velocity assuming non-reaction condi-
tions. Although relatively high CH,Cl mixtures (3—5 mol %,)
were used occasionally, it was considered that the effect of
the enthalpy change during the reaction was negligibly small
in the early stage of the reaction, from which the rate data
were determined.

Methyl chloride (with a 99.5%, stated minimum purity) and
Ar (99.998%,) were used without further purification. Mix-
tures (0.2—5.0 mol 9%, CH,CI in Ar) were prepared in 10-1
glass flasks and were allowed to stand for more than 12h
before use. The experimental conditions behind shock waves
were as follows: temperature=1680—2430 K and total
density=2.0x 10-8—3.5 X 10-5 mol cm~3.

The methyl radical has an absorption band due to the 2A,«
2A, electronic transition which has a maximum at 216 nm.1»
Recent high-temperature measurements of the absorption
coeflicient at two laboratories have shown a good agreement,
within the range of experimental error.1®3 Glanzer ¢t al.12)
determined the absorption coefficient of CHj; produced from
shock-heated azomethane at 216 nm (FWHM=1.6 nm) in
the temperature range of 1200—1800 K.  Tsuboi'® also
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measured the absorption coefficient at 216 nm (FWHM=
1.4 nm) in a system of ethane—Ar mixtures in the range of
1500—2300 K. Since, in the present study, the absorption
measurements were performed at much the same wavelength
(FWHM=1.65 nm), it was considered that the absorption
coefficient and its temperature dependence reported by the
above investigators could be applied to the present analysis
of the absorption data without any corrections.

Results

Figure 1 shows a typical absorption record behind
reflected shock waves. The absorption intensity begins
to increase just behind the reflected shock front and
seems to approach a steady value as the reaction
proceeds. At the observed wavelength, there is no
absorption by the reactant. The products which are
considered to have absorptions around 216 nm are
C,H,, C,H,Cl, and HCI, besides the CH, radical. The
absorption coefficient of C,H, at this wavelength is
known to be as small as 1/15 that of CH,;.»® From the
data of the absorption coefficient of C,H,Cl at 230 nm
(e=2x10% cm? mol-! at 1600 K),'® we could estimate
that the value at 216 nm is about one-third that of CH,
at 2000 K. However, since C,H;Cl is not the main
product, as will be seen later in the computer simulation,
its contribution to the absorption profile is negligible.
HCI has an absorption band in the vacuum UV region
with a maximum at 150—160 nm (¢ (160.8 nm)=
1.8 x 108 cm? mol-! at 2000 K),' while around 200 nm
it has a weak absorption which is less than one-tenth
the maximum intensity at room temperature.'®) There-
fore, the contribution of the HCI absorption to the
CH; measurement at 216 nm is thought to be negligibly
small.

—

! 1 1 1 1 1
e

4
t 100 us R.S.

Fig. 1. Typical CH; absorption trace at 216 nm during
decomposition of CH,CI.
T;=2007 K, 0;=3.52x10~% mol cm-3, 0.5 mol %,
CHCI, in Ar. R. S. denotes the reflected shock front.

— .

absorption

The initial rate of the CHj production was determined
by the following relation:
Rate = {d[CH;]/dt},_o = rofel
ro = {dIn (I/I)[dt},,
where ¢ is the absorption coefficient; /, the optical path
length; I, the light intensity of 1009, transmission, and
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Fig.2. Arrhenius plot of £, (initial rate constant of CH,
production) for different mixtures and at a constant
pressure of 5.0 atm (1 atm=101325 Pa).

0:0.2%, @:0.5%, M:1.0%, A:2.0%, []:2.5%.

I, the intensity of the light that has transmitted the
sample gas. In practice, the initial gradient was deter-
mined from the initial portion corresponding to the
region within about 209, of the steady value. To
ascertain the order of the CH; production rate with
respect to the reactant concentration, the Arrhenius
plots of the first-order rate constant, k,,=Rate/
[CH;Cl],, obtained for various mixtures and at a
constant total pressure were made; they are shown in
Fig. 2. From this figure it may be seen that %, does not
show any systematic departure from a straight line

L
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Fig. 3. Arrhenius plots of k, at different pressures.
Total densities in mol cm—3, averaged over a series of
experiments, (: 3.7x10-%, @: 1.35x10-5, []: 3.54
x10-8, A: 1.99x 10-¢ (incident shock waves).
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TABLE 1. ARRHENIUS PARAMETERS OF Ky
Total density T A E
mol cm -3 K st kJ mol-!
2.0x10-¢ 1892—2253 8.1x10% 23644
3.5x10-¢ 1790—2428 1.9%x10° 24748
1.4x10-5 1678—2119 1.5x 10 269410
3.7x10-5 1700—2117 8.5x101° 292414

as the initial concentration of CH;Cl changes by 12.5-
fold. The same results were obtained under the other
total pressures adopted. Figure 3 shows a total density
dependence of k,i,. Also in Table 1 the values of the
Arrhenius parameters of ki are listed for each total
density. From Fig. 3 and Table 1 it appears that the
apparent first-order rate constants of the CH; produc-
tion are in the fall-off region under the present experi-
mental conditions. In the fall-off region, both the
intermolecular energy transfer process and the intra-
molecular behavior are important equivalently. Thus,
it is necessary to evaluate the limiting rate constants for
the discussion based on kinetic theories.

Discussion

Reaction Mechanism of the CHZCl Decomposition.
In the case of methyl chloride, the following two
channels are probable for the initiation reactions:
(1) GH,Cl (+M) —» CH, + Gl (+M)
AHS, = 347 k] mol™
(la) CHCI(+M) — CH, + HCI (+M)
AHZ, = 372 k] mol™.
Channel 1 has no barrier above the heat of reaction
along the reaction coordinate if the potential barrier
due to the centrifugal force is neglected. On the other

hand, Channel la has an activation energy higher
than AHS, because, in this channel, a three-center
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activated complex may be formed during the course
of the reaction. Thus, the difference in the activation
energies between the two channels becomes larger than
the difference in the heats of reaction. Assuming that
the values of the preexponential factor are equal, a
rough estimation shows that the rate constant, k,,, is
smaller than k; by several hundredths at 2000 K.
Furthermore, in Channel la the CH, radical produced
is the 3B, state (a spin-forbidden reaction is known to
have a small 4 factor).

A mechanism of the thermal decomposition of methyl
chloride has been proposed by Shilov and Sabirova,®
who investigated the decomposition at around 1100 K
and at pressures of 10—15 Torr (1 Torr=133.322 Pa)
in a flow system. From the concentration ratios of the
products (HCl, CH,, and C,H,), they proposed the
following mechanism:

(1) CH;Cl — CH; + C1

(2) CH,CI + Cl —» CH,CI + HCl

(3) CH,Cl + CH; — CH,CI + CH,

(4) CH,CI + CH,Cl — CH,Cl, + CH,

(7) 2CH,Cl —s G,H,Cl,

(8) C,H,Cl, —> C,H,CI + HCI

(9) CH,Cl —» C,H, + HCl
To consider the reaction process in further detail,
several reactions including reverse reactions must be

added to the above mechanism. Thus, we selected the
following as probable reactions:

(1) CH;Cl(4+M) == CH; + Cl (+M)
(2) CH,CI + Cl == CH,Cl + HCl

(3) CH,Cl + CH, = CH,CI + CH,
(4) CH,CI + CH,Cl == CH, + CH,Cl,
(5) CoH, (+M) == 2CH, (+M)

(6) Cl,+M = 201+ M

TABLE 2. ELEMENTARY REACTIONS

. AHS, AG3 Rate constant Reference of
Reaction ¢ 0T 1] mol = cm® mol 1 51 rate constant
1 347 —1.3817T+4358.817 This work
2 —5.0 —0.02887T—5.581 ky=1013-83exp(—14/RT) a)
3 —9.2 17.231x 10-47—8.7316 k3=1010-4T"/2exp(—39/RT) b)
4 14 6.887x10-37T+13.23 See text
5 369 —0.164T4372.396 ky=10'"-Y"exp(—375/RT) c)
6 242 —0.11607T+242.534 kg=103-%6exp(—190/RT) d)
7 —372 See text
8 62.8 kg=10%3-%exp(—224/RT) e)
9 92.0 kog=1012-5%xp(—257/RT) f)
10 —376 See text
11 72.0 kyy=10%3-18exp(—236.2/RT) g)
12 72.8 kyy=10""-4texp(—331.7/RT) h)
a) T. Fueno, “Chemical Reaction Theory,” Asakura-Shoten, (1975). b) F. A. Raal and E. W. R. Steacie,
J. Chem. Phys., 19, 578 (1952). c) J. Troe, ‘Fifteenth Symposium (Int.) on Combustion,” The Combus-

tion Institute, Pittsburgh (1975), p. 667. d) M. van Thiel, D. J. Seery, and D. Britton, _J. Phys. Chem., 69,

834 (1965).
Washington, D.C. (1970).
2487 (1964).
bustion Institute, Pittsburgh (1977), p. 961.

e) S. W. Benson and H. E. O’Neal, “Kinetic Data on Gas Phase Unimolecular Reactions,”
f) F. Zabel, Int. J. Chem. Kinet., 9, 651 (1977).
h) T. Just, P. Roth, and R. Dumm, “Sixteenth Symposium (Int.) on Combustion,” The Com-

g) W. Tsang, J. Chem. Phys., 41,
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Fig. 4. Comparison of the CH; concentration profiles
between the calculation ( ) and the experiment
(O)-
T;=2007 K, p;=3.52%x10~% mol cm-3, 0.5 mol %
CH,(Cl in Ar.

(7) 2CH,Cl —» C,H,Cl,

(8) G,H,Cl, —> C,H,Cl + HCI

(9) CHCl (+M) — G,H, + HCI (+M)
(10) CH,CI + CH, —> G,H,Cl

(11) C,H,Cl —» C,H, + HCl

(12) GH,+M — CH, + H, + M

The values of AHS, and AGS and the rate constants
are listed in Table 2. For the present purposes, we
need to know how the CH, production rate is affected
by the secondary reactions. This is important, par-
ticularly because we base the - decomposition-rate
measurement on the initial slope of the CH, absorption
records. Since there are no available kinetic data for
Reactions 4, 7, and 10, we first assumed that Reaction 4
was negligible and that the values of %, and k,, were
equal to the rate constant for the CH,; recombination.
The ki, value corresponding to the total density
considered was used as the rate constant of Reaction 1.
At 2007 K, a good agreement is seen between the
calculation and the observation over the whole range
of reaction times, as is shown in Fig. 4. At 1730K,
however, the CH; concentration profiles show that the
calculation gives a lower steady value, within a shorter
reaction time, compared with the observed profile, as is
shown in Fig. 5. It was, therefore, necessary to check
the rate constants of the reactions which were connected
with the CHg production. If the alternative reaction
channel of the initiation, i.e., Reaction la, is con-
sidered, a secondary reaction such as (b) CH,Cl+
CH,—CH;-+CH,Cl is needed for the production of the
CH, radical. An Arrhenius expression of &, was assumed
by the use of the BEBO method!? and the transition
state theory as:

ky = 10"-5 exp {— (41.8 k] mol™*)/RT} cm3 mol~t 571,

It was ascertained by simulations that the concentration
of CHj produced by the above reaction was quite low
compared with the observed value. Also, it was found
that Reaction 5 does not affect the overall reaction
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Comparison of the CH; concentration profiles
and --- , see text) and

Fig. 5.
between the calculations (
the experiment ().
T,=1730 K, p;=3.85x10-5 mol cm-3, 2.0 mol %,
CH,Cl in Ar.

profile of CH;. Thus, it is likely that the computed
low values of the steady concentration of CH, at lower
temperatures are ascribable to the assumption for the
ky, kq, and £y, values. Tentatively, if we use k,=—1011.3
cm?® mol~1s71 and k,=k;,=10% cm® mol-1 s~ at 1730
K, the calculation shows a-good agreement with the
observed profile (the dotted line in Fig. 5). However,
we could not determine a unique set of rate constants
which agrees with the profiles obtained over the tempera-
ture range and the concentration range employed in
this work. Consequently, from the simulation study
we found the following facts: (a) At lower temperatures
Reaction 4 affects the CHj profile seriously, so that it
cannot be neglected in considering the reaction mecha-
nism. (b) The recombination reactions 7 and 10 could
not be replaced by the recombination rate of CHj;
therefore, they should be évaluated independently. In
this respect, it seems unreasonable to use the collision
number as the recombination rate constant as in the
case of C,H;.!® (c) It was ascertained that the initial
slope of the CHy production corresponds fairly well to
the initiation reaction, i.e., Reaction 1.

Evaluation of Low- and High-pressure Rate Constants.

a. Strong Collision Assumption: In order to evaluate
the low- and high-pressure limit rate constants, we first
treat the fall-off data on the basis of the strong collision
assumption. Figure 6 shows fall-off curves of k, ., with
the temperature as a parameter. The solid lines in the
figure were calculated by the reduced-form Kassel
theory proposed by Troe and Wagner.!® For the
Kassel parameters, Sy and By, the definitions as suggested
by Troe?® have been adopted (Sy=U,;,/RT+1=5.4,
5.5, 5.7, 5.8 and By=B\(E,, T, Sy, v;)=15, 14.5, 14,
13 at 1800, 1900, 2000, and 2100 K respectively, where
U,ip is the vibrational energy content of CH,Cl; E,,
the zero temperature activation energy, and w;, the
vibrational frequencies of CH,Cl, as taken from Ref. 11.
The reduced fall-off curves were obtained using the
Kassel integral tables?® and fitted to the experimental

~ data points in such a way as to meet the following

requiremnents at the same time: (a) The calculated
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Fig. 6. Pressure dependences of k, at different tem-

peratures. Full curves are calculated fall-off curves.

curves fit the experimental data points reasonably well,
(b) the low- and high-pressure rate constants give
temperature-independent activation energies, E,, and
.E,., in the experimental region, and (c) the difference
between E,, and E,. values obtained is represented
approximately by this relation:

an - E:O = (Setf+0'5)Ri

where Ses=U,;,/RT and T is the mean temperature of
the experiments.

The rate constants for the high-pressure limit, &%,
and for the low-pressure limit, k§/[Ar], were then
determined at the four temperatures indicated in Fig. 6.
Thus, these respective Arrhenius expressions were
obtained:

& = 101178 exp (—315 k] mol™Y/RT) s,
K&/[Ar] = 1015-08 exp (—224 kJ mol~Y/RT’) cm® mol™! s,

The values of the rate constants evaluated by the above
procedure are considered to have an error factor of ca. 2.

At first sight, it is likely that the activation energies,
E,. and E,,, are somewhat lower than those to be
expected from the bond-dissociation energy. Also, the
preexponential factor of the high-pressure rate constant
is considered to be lower than the usual values for the
single-bond fission reaction, i.e., 4=1013-5*185-1  In
the literature there are experimental results which show
somewhat low values for the high-pressure-limit 4
factor, e.g., A=10"1"?5-1 for COF,—»COF4-F?) and
A=1012%5 5-1 for SF—SF,+F.22 It is noticable that
these experiments were performed in the fall-off region
and that the values of the high-pressure rate constant
were evaluated by the extrapolation of fall-off curves
based on the strong collision assumption. Later
Rabinovitch ef al.2® corrected the small 4 factor for the
above SF, dissociation by considering the weak collision
effect to obtain a reasonable value, such as 4=10%-11
s~1. Thus, the above unexpectedly low value of the 4
factor for CH;Cl-»CH,+Cl may be considered to be
the result of the strong collision assumption.
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b. Weak Collision Effect on Fall-off Curves: Recently,
Luther and Troe?¥ published an easy method to obtain
a reduced fall-off curve including the weak collision
effect. According to this method, the reduced-form rate
constant, k[k., is written by the product of three factors
as:

klko = FU8(ko[k) F5 (ko ko) F¥(Ko/k) I

where F“¥(ky/k..) is a simple Lindemann-Hinshelwood-
type fall-off curve, in which the rate constant of the
spontaneous reaction, k(E), is independent of the
energy,?® F%(k[k.) is a factor which includes an
energy dependence of k(E),?® and FY°(kyfk.) is a
factor pertaining to the weak collision effect.25¢) The
parameters used in the calculation of Eq. I are listed
in Table 3. Figure 7 shows reduced fall-off curves
calculated on the basis of Eq. I. Comparing the two
types of fall-off curves in Figs. 6 and 7, it appears that,
in the latter, the fall-off region is broad and that the
data points fit better than in the former. From the
revised fall-off curves in Fig. 7, the high- and low-
pressure rate constants are evaluated again, as re-
spectively:

TABLE 3. EVALUATED PARAMETERS USED FOR
THE CALCULATION OF £,

T

L Sk Be Fue  N® FEuD NV
1800 5.4 16.1 0.34 1.363 0.63 1.96
1900 5.5 15.6 0.34 1.368 0.62 1.98
2000 5.7 15.5 0.33 1.383 0.62 2.04
2100 5. 15.1 0.33 1.387 0.62 2.06

a) In the calculations of Fie,,, and N¥C, f. was taken
to be 0.037 at 1800 K (which was the experimental
value evaluated from the fall-off curve based on the
strong collision assumption) and to have a tem-
perature dependence of T-1-5,

I 1 T
2100K
o ke
2000K
§
ko
§/
—~ ? 100K
T i
=~ -
& — i/
- / 1800K
L
| 1

-5 -4
log ([M]/mol cm-3)
Fig. 7. Fall-off curves computed by considering the weak

collision effect.
Data points are the same as in Fig. 6.
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k. = 10'3:3 exp (— 383 k] mol™!/RT) s™,
ko/[Ar] = 1015-58 exp (—247 kJ mol™Y/RT) cm® mol ! s™1.

The error limits involved in these rate constants are
considered to be less than a factor of two. It appears
that the values of the activation energies and the
preexponential factors appearing in the above results
are not unexpected when compared with those of other,
similar reactions for the single-bond fission.

Calculation of the Unimolecular Rate Constants. In
order to ascertain the validity of the high- and low-
pressure limit rate constants determined above, it is
nescessary to calculate the rate constants theoretically
by using currently useful methods. Thus, we will first
perform RRKM calculations for the low-pressure rate
constant and discuss the intermolecular energy transfer
efficiency at high temperatures. Next, we will calculate
high-pressure-limit rate constants by evaluating the
maximum free energy in the course of the reaction path
for the simple bond-fission process.

a. Low-pressure-limit Rate Constant: The theoretical
calculation of the low-pressure rate constant was per-
formed by using the appropriate RRKM strong-
collision formulation given by Troe:26:29)

K = [M]Zy,;0015(E))RTQ o1, ™" €xp (— Eo/RT) FgFyoiF p

n
where Zp; is the Lennard-Jones collision frequency;
Pyib(Ey), the vibrational energy level density at Ey; E,,
the threshold energy of the reaction; Q,;, the vibra-
tional partition function; Fg, the energy dependence
of the density of states; F,,,, the centrifugal correction
factor, and F,,,, the anharmonicity factor.2®)  The
calculation of Eq. IT was performed at four different
temperatures. The calculated results are listed in
Table 4. The molecular constants used in the calculation
are shown in the footnote of Table 4.

Actually, at high temperatures the strong collision
assumption is not considered to hold; that is, the
average energy, <<AE>>, which is transferred during
collisions between the reactant and the diluent molecule
is much lower than RT, the thermal energy of the

TaBLE 4. VALUES OF k¢, Fg, f,, AND —<AE>/RT

T ke s —<CAE)
K Fy cm?® mol-1 s-1 Po B RT
1800 1.35 9.94x10° 0.026 0.037 0.042
1900 1.38 2.71x10'° 0.023 0.030 0.037
2000 1.41 6.59x10'® 0.020 0.025 0.033
2100 1.43 1.44x101 0.019 0.022 0.032

a) Input data for the calculation of £{¢: threshold
energy, E; =347 kJ mol-'; Lennard-Jones collision
diameter, ¢(CH,Cl-Ar)=2.847 A;» Lennard-Jones
well depths, ¢(CH;Cl)/k=355 K, &(Ar)/k=119 K;»
vibrational frequencies of CH,Cl, v/cm™1=732, 2928,
1355, 3047 (2), 1460 (2), 1020 (2).® b) J. O.
Hirschfelder, C. F. Curtiss, and R. B. Bird, “Mo-
lecular Theory of Gases and Liquids,” 2nd ed, Wiley,
London (1963). «¢) “JANAF Thermochemical
Tables,” 2nd ed, Natl. Bur. Stand., (1971). d) ¥
corresponds to the kX/k{ ratio, where k¥ is the rate
constant evaluated by the fall-off curve uncorrected
for the weak collision effect.
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system. This effect, the weak collision effect, causes a
reduction in the apparent reaction rate at high tempera-
tures. The parameter expressing the weak collision
effect is defined as the collision efficiency, 8.:

B, = kbsdjkse (I11)
and:

Bel(1—a/B.) = —<AE)|FekT, Iv)

where kg*? is the low-pressure-limit rate constant
obtained experimentally. The values of ., Fg, and
—<CAEY/RT are also listed in Table 4. The absolute
values of B, range between 0.019 and 0.026 in the
temperature range studied; this is considered to be
reasonable compared with other, similar reactions in
Ar (8.=0.015 for CH,l at 1400 K? and f,=0.02 for
CH, at 2000 K29). The temperature dependence of
B> t.e., B.oc T=29, is also reasonable when it is compared
with theoretical predictions.3®

It is interesting to compare the value of —<{AE>
evaluated from the experimental data for different
reactions in the same diluent gas. For the CH,I-Ar
system, for instance, —<{AE> ranges from 0.043 to
0.023 in the temperature range of 1100—1500 K.”
Although the temperature ranges of these systems do not
overlap, it appears that the value of —<AE> for the
CH;Cl-Ar system is larger than that for the CH,I-Ar
system by a factor of more than two. For the CH,~Ar
system, a value which is comparable to that of the
CH,I-Ar system can be estimated from the data in
Ref. 26 (—<{AE>/RT=0.019 at 2000 K). It may be
seen that, in the case of the collinear collision of two
rigid spheres, the energy-transfer efficiency per collision
is largest when the masses of the two spheres are equal.3))
The relative differences in —<{AE>> for the above
three systems (i.e., CH3Cl-Ar>CH,I-Ar= CH,-Ar)
may be explained, in part, by the relative differences
in mass between the reactant and Ar. In this respect,
it is also interesting to observe the —<CAE> values for a
given reaction in various diluent gases.

b.  High-pressure-limit Rate Constant: A conventional
method of estimating the preexponential factor, 4, is
by the use of the following relation:

A = (ekT}h) exp (AS*/R)

AS*, the entropy change of the activation, was evaluated
to be 6.7 Gmol-1.32  Consequently, 4=1015.525-1 a¢
2000 K.

A theoretical prediction of the rate constant for the
high-pressure limit may be given by the transition-state
formula:3%

ko = (ET/R)(QY/Q)

where Q and Q* are the partition functions of the
reactant and the activated complex respectively. It is
difficult to predict the form of the activated complex
precisely although, in a simple bond fission, it does not
take so limited a form as a three- or four-center reaction.
In this situation, it is considered to be most suitable to
apply the method of the maximum free-energy criterion
(MFC method) proposed by Quack and Troe3? for the
calculation of Q*. This method is based on the statistical
adiabatic channel model for the activated complex.35)
Strictly speaking, the rate constant calculated with the
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TaBLE 5. CALCULATED AMFC vALUES

Y

T A q#a)
K A
0 0.75 100
1800 480™ 4.5
1900 40.7 2252 3749.8 4.5
2000 173.7 9059 15200 4.4
2200 98305 4.4
a) ¢* is the C-Cl bond distance of the activated

complex. b) Ins-1,

L 1 ]
45 50 55

10* T-1/K -1

Fig. 8. Comparisons of the high-pressure rate constants.
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MFC method, k4%, corresponds to the upper limit of
the true rate constant.3¥ Moreover, the activated
complex is defined by the molecular constants of the
reactant molecule with only one unknown parameter,
y. Therefore, one could easily calculate the value of Q*
without any large error by using an appropriate y
value. In our calculation, the molecular constants of
CH,Cl and CH, were taken from Ref. 11. The C-Cl
bond axis was taken as the reaction coordinate. The
parameter y(A-1) appearing in the equation of the MFC
method has the following characteristics: y=0 corre-
sponds to the limit of the tight activated complex, and
y=100, to the limit of the loose activated complex.
For many reactions, the calculated values of k¥ are
in good agreement with the experimental values when
y=0.75.39 In Table 5, the calculated results are listed
for y=0, 0.75, and 100. In Fig. 8, a comparison is
shown between the observed rate constants, k., and
KM, showing a good agreement when y=0.75.

Holbrook3®® analyzed Silov and Sabirova’s data and
evaluated the rate constants for Reaction 1 as:

ko/[M] = 1.86%10% cm?® mol™ 571
and:
ko=1.5x10"25712at1116.7 K.

Since the experimental data were near the low-pressure
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limit, and since he evaluated the limiting values by
means of the Hinshelwood plot (i.e., the plot of 1/k
against 1/P), the high-pressure value is considered to
involve a large error. The extrapolation of the low-
pressure rate constant determined in this work leads
to ko/[Ar]=9.2 x 103 cm3 mol-1s-1 at 1116.7 K. Con-
sidering that the collision efficiency is large in Shilov
and Sabirova’s system (M=CH,CI), these two experi-
mental values are in good agreement with each other.
The value calculated by Forst and St. Laurent3? is also
close to these experimental values.

It was found, in the present study, that the evaluation
of the high- and low-pressure-limit rate constants from
the fall-off data tends to lead to erroneous results when,
especially at high temperatures, the fall-off curve is used
without correction for the weak collision effect.
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