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The rate constants on the thermal decompositions of CHsI and CDsl at the high pressure limit, k7, were
evaluated from the decomposition rates, measured as functions of the reaction time and the pressure of meth-
yl iodide. The values of k3(CHsl) at 606.8, 620.2, 633.5, and 649.5 K were 2.92, 8.22, 22.0, and 68.2X10-6 571,
respectively. The values of kg(CDsl)/ks(CHsl) were 0.290 at 620.2 K, 0.285 at 633.5K, and 0.279 at 649.5 K.
Meanwhile, the calculations for kg were carried out using a rate theory derived from the assumption that the
zero point energy and the vibrational energy are concerned in the entropy term of k;. From good
correspondence between the experimental and calculated values, the values of Do (chemical bond dissociation
energy)=243.7, AE, (energy change at 0 K)=230.6, and AH 5 (enthalpy change at 298 K)=236.3 k] mol—! were
obtained for the CHz-I bond dissociation. On the decomposition of equimolar mixture of CHsI and CDsl at
633.5 K and 10.67 kPa of the total pressure, it was found that the initial rate ratio of R°(CHs+CH3sD)/R°(CD4+
CDsH) is 1.94 and the excitations to the active molecules of CHsI and CDsl in the mixture are less effective than
those in the separated systems of CHsI and CDsl, respectively.
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Methyl iodide is one of such molecules that the
experimental and theoretical approaches for the
unimolecular decomposition rate are easy by the
following reasons: the bond dissociation energy of the
C-I bond is considerably low as compared with those
of the C-C and C-H bonds of hydrocarbons; so, it is
easy to control the reaction and to obtain the rate
constant at the high pressure limit, because the
decomposition proceeds at relatively low tempera-
tures; the reaction mechanism is simple, because the
main hydrocarbon product is methane only; the
presumption of activated complex model and the
theoretical calculation are easy.

On the thermal decomposition of CHsl, Butler and
Polanyi? have studied the pyrolysis of CHsl in Nz of
about 820 Pa and obtained 2.33 to 7.80X10-2s-1 as the
rate constant at 767 K. Horrex and Lapage? have
reported that the rate constant depends strongly on the
total pressure and is 2.8X10-2 s~ at 800 K and 80.5 kPa.
They have also obtained the rate expression of
ka(s1)=2.6X1018 exp {—54.7(kcal mol-1)/RT}. Saito et
al.® have investigated the thermal decomposition of
CHzsl diluted in Ar by means of the behind shock
waves in the temperature range from 1050 to 1500 K
and the total density range of 3.5X10-6 to 3.9X10-5 mol
cm~3. They have found that the initiation reaction is
the C-I bond fission, the rate constant decreases by
decreasing of the total density, and the rate constant at
the low pressure limit is given by kz.a(cm3mol-1 s—1)=
1015-40 exp {—42.56(kcal mol-1)/RT}. Saito et al.® have
also reported that the pre-exponential term of kong is
1015-0 for Kr and 1015-8 cm3mol-1s—! for He from the
pyrolysis of CHslI diluted in Kr and He.

Since both pre-exponential and exponential terms
of the rate constant vary with the pressure of the
system,® the experimental determination of the rate
constant at the high pressure limit is desirable to

obtain the thermodynamic values such as the bond
dissociation energy and the enthalpy change of
reaction. However, the experimental rate constants
cited above are not the values at the high pressure
limit. On the other hand, a rate theory was derived by
considering the contribution to the entropy term of
rate constant of the zero point energies and the
vibrational energies.® In order to examine the
propriety of the rate theory, it is advisable to study the
kinetic isotope effect together with the adaptability to
the experimental rate constants at the high pressure
limit. From these points of view, the pyrolyses of CHsl
and CDsl were carried out in this work.

Experimental

The reaction cell used for the pyrolysis was a quartz cylinder
of 5.0 cm innner diameter and 11.5 cm length, with a volume
of 227.5 cm3. The reaction cell was inserted into a copper
vessel with a thickness of 9mm to make temperature
uniform in the reaction cell. The copper vessel was set in a
cylindrical electric furnace which can be heated from three
sides of the lower, middle, and upper parts to reduce the
temperature gradient in the furnace. The reaction tempera-
ture was observed using a chromel-alumel thermocouple
which was corrected with the melting points of Bi, Hg2Cly,
Pb, PbBrg, Cdl, Zn, AgCl, Lil, PbCls, LiBr, and CdClz. The
temperature in the cell was kept within +0.5 K during the
reaction period.

CHsl obtained from Wako Pure Chemicals was above
98.0% in purity. CDsl was obtained from Merk Japan, and
its minimum extent of deuterium was 99%. Both samples
were purified each time before use by means of condensation
and evacuation at 77 K.

The main products in the pyrolysis of CHs] were CH4 and
Io. Trace formations of CeHs, C2Hy, and C2Ha were also
found. The iodine-contained hydrocarbons could not be
detecied in the gas chromatographic analysis using a
Porapak Q column (3 m) at 428 K. The reaction products in
the pyrolysis of CDsI were also the same as those for CHsl.



878 Sukeya Kopama and Yasuhiro Oor [Vol. 63, No. 3

The thermal decomposition was carried out by intro-
ducing CHsl or CDsl into the reaction cell maintained at a
fixed temperature. After reaction, the reaction mixture was
removed to a trap at 77 K. Methane, passing through the
trap, was collected in a Toepler gauge, and its amount was
determined. The degree of conversion of methyl iodide
which was estimated from the ratio of the twofold amount of
formed methane to the introduced amount of methyl iodide
was less than 2.8% for CHslI and 4.7% for CDsl. The pyrolysis
of equimolar mixture of CHsI and CDsl was also carried out
by the same procedure as mentioned above. The separation

of methanes was performed using a mass spectrometer
(Hitachi, RMU-6E) at the ionizing voltage of 16 eV.

The vibrational wavenumbers of CDasl in the vapor phase
were observed by an infrared spectrometer.

Results

The amonnt of CHy forming in the pyrolysis of
CHsl, Vcn,, was measured as functions of the reaction
temperature, the pressure of CHsl, and the reaction
time (¢). The results are shown in Table 1. The results

Table 1. Formation Amount of CH4 from CHsl, Measured as Functions of the Reaction
Temperature, the Pressure of CHsl, and the Reaction Time

606.8 K 620.2 K 633.5K 649.5 K
Reaction Veny Reaction Vens Reaction Ven, Reaction Veny
time/min pmol time/min pmol time/min pmol time/min pmol

5.33 kPa 2.60 kPa 5.33 kPa 5.33 kPa
20 0.357 12 0.154 10 0.815 6 0.978
28 0.515 42 0.566 13 0.929 7 1.08
40 0.724 62 0.787 20 1.37 9 1.37
60 0.932 6.80 kPa 30 1.82 15 2.18
10.67 kPa 12 0.703 10.67 kPa 25 3.05
20 0.784 24 1.13 10 1.89 10.67 kPa
40 1.32 36 1.76 20 2.89 5 2.24
60 1.88 54 1.94 30 4.05 15 4.88
16.00 kPa 14.39 kPa 16.00 kPa 16.00 kPa
20 1.23 10 2.13 10 3.28 5 3.43
40 2.27 20 2.46 20 4.81 15 7.53
60 3.00 30 4.24 30 6.50 21.33 kPa
21.33 kPa 45 4.29 21.33 kPa 5 4.71
20 1.82 24.26 kPa 10 4.50 15 10.4
40 3.36 8 3.03 20 6.50 30 17.8
60 4.13 16 4.50 30 7.89
24 6.58
38 7.23

Table 2. Formation Amount of CD4 from CDsl, Measured as Functions of the Reaction
Temperature, the Pressure of CDsl, and the Reaction Time

620.2 K 633.5K 649.5 K 665.5 K 681.5 K
Reaction Vep, Reaction Vep, Reaction Vepy Reaction Vep, Reaction Vep,
time/min pmol time/min pmol time/min pmol time/min pmol time/min pmol

5.33 kPa 5.33 kPa 5.33 kPa 5.33 kPa 5.33 kPa

20 0.381 12 0.459 10 0.742 5 0.893 3 1.17
40 0.759 20 0.730 15 1.04 12 1.89 9 3.09
60 1.23 40 1.20 25 1.75 15 2.33 15 4.62
10.67 kPa 48 1.51 30 2.09 10.67 kPa 10.67 kPa
20 0.861 60 1.87 10.67 kPa 5 1.96 3 2.45
40 1.34 10.67 kPa 10 1.47 11 3.73 9 5.95
60 2.01 15 0.980 16 2.11 15 4.64 15 9.70
16.00 kPa 30 1.65 30 3.35 16.00 kPa 16.00 kPa
20 1.21 45 2.32 16.00 kPa 5 2.81 3 3.48
40 1.85 16.00 kPa 10 2.63 10 4.34 5 4.76
60 2.57 15 1.32 16 3.51 15 6.54 9 8.40
21.33 kPa 30 2.62 30 5.20 21.33 kPa 15 15.1
20 1.53 45 3.47 21.33 kPa 5 3.76 21.33 kPa
40 2.53 21.33 kPa 10 3.45 9 5.32 3 5.16
60 3.7 10 1.28 16 4.47 15 9.05 7 8.55
15 1.62 30 7.11 9 10.8
27 2.97 15 19.0

45 4.82




March, 1990]

for CDsl measured with the same procedure are shown
in Table 2. As an example, the relations of Vcy, versus
t in the pyrolysis of CHzsI at 633.5 K are shown in Fig.
1, and it is found that the slope of Vcy, to ¢t decreases
with an increase of the reaction time. This trend was
found in all cases.

The initial formation rates of methanes were
determined by using various empirical equations. As
an instance, the equation

Veu, = at/(l + th.S)

was used for the pyrolysis of CHsl at 633.5 K, where a
and b mean the initial formation rate and a sup-
pression factor for the methane formation, respective-
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Fig. 1. Formation amount of CH4, measured as a

function of the reaction time in the pyrolysis of CHsl
at 633.5K. @, 5.33kPa; ©, 10.67 kPa; O, 16.00 kPa;
®, 21.33 kPa.
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Fig. 2. Plots of ¢/Vcn, versus t°-8 in the pyrolysis
of CHsl at 633.5K. @, 5.33kPa; ©, 10.67 kPa; O,
16.00 kPa; ®@, 21.33 kPa.
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ly. Above equation can be rewritten as
t/Vom, = 1/a + (b/a)to8.

The plots of t/Vcu, versus t°-8 are shown in Fig. 2 and
the initial formation rates (Rgu,) were obtained from
the intercepts.

The initial formation rates obtained by these
procedures are shown in Fig. 3 for CHsl and in Fig. 4
for CDal as functions of the reaction temperature and
the concentration of methyl iodide. Itis found in both
figures that the initial formation rate increases with
higher order than the first order for the concentration
of methyl iodide.
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Fig. 3. Plots of R2u, versus [CHsI]. @, 606.8K; @,

620.2K; ©, 633.5K; O, 649.5K.
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Fig. 4. Plots of R2p, against [CDsl]. @, 620.2K
(R2p,X10); ©, 633.5K; O, 6495K; ®, 665.5K; ©,
681.5 K.
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Fig. 5. Plots of Vi and t/Vn versus t in the pyrolysis
of equimolar mixture of CHsl and CDsl at 633.5 K
and the total pressure of 10.67kPa. O, Vu; @, t/ V.
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Fig. 6. Plots of the formation ratios of methanes
against the reaction time in the pyrolysis of
equimolar mixture of CHsl and CDsl at 633.5 K.
©, Rcuy/Repy; O, Reuns/Repy; @, Reny/Rensp; @,
R(CH4+CHsD)/R(CD4+CHDs3).

The pyrolysis of equimolar mixture of CHsl and
CDsl was carried out at 633.5 K and the total pressure
of 10.67 kPa. Plots of the total formation amount of
methanes (Vm) and t/Vn versus t are shown in Fig. 5.
The initial rate for the total formation of methanes,
R2, was found to be 9.35X10-12 mol ml-1 s-1 from the
intercept of the ¢t/Vn vs. t curve. Plots of Rcu./Rcp,,
Rcun./Rep., Ren/Renp, and R(CH4+CH3D)/R(CDst
CHD:s) against ¢t are shown in Fig. 6. Both initial rate
ratios of Rcu,/Rcu:p and Rcun,/Rep, were found to be
about 3.4 from the intercepts.
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Discussion

Reaction Mechanism and Kinetics. From the results
obtained above, the following mechanism was postu-
lated for the main reactions in the pyrolysis of CHslI,
where CHsI* and CHsI* mean the active molecule and
the activated complex, respectively:

CHsl + CHsl ——> CHal + CHal* 1)
CH;l* + CHsl —— CHsl + CHsl 2)
CHsl* —— CHsl* 3)
CHsl* —— CHl* (4)
CHsl* — CHs +1 (5)
CHs + CHsl —— CHy + CHl. (6)

Iodine atoms and CHolI radicals formed by Reactions
5 and 6 seem to disappear by the self-dimerization and
cross-combination reactions

I+1 M, 1,
I+ CHol ™ CH,lL,
CHlI + CHal - CoHLL,

where M is a deactivator molecule. The formation rate
of CH4 decreases with increasing of the reaction time
as is seen in Fig. 1. This suppression may be due to the
reactions of CHjs radicals with I and Iz which were
accumulated during the pyrolysis.®

CH:; +1 ¥, CHal
CHs + I, —— CHsl + 1

The trace formations of CaHs, C2H4, and C2Hg seem to
be caused by the reactions such as CHs+CHzl — CoHs 1,
CoHs+CH3sl — CoHg+CHol, 2CH3z — CeHe, CHs+CHoal
— C2H4+HI, C2H412 e C2H4+Iz, and C2H412 e d C2H2+
2HI. The reaction mechanism for the pyrolysis of
CDsl appears to be the same as that for CHsl.

From the mechanism of Reactions 1—6, the initial
rate for the formation of methane is given by

kuksks[CHsI]2 !
koks + ka(ks + ko)[CHaI] " )

o] —
Rcu, =

Equation 7 can be rewritten as

[CHel] _ 1.

1 1
R2u, ka T

kS k[CHaI] ®

Here, k; means the rate constant at the high pressure
limit, and it is given by
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re = kiksks

" ka(kat ks) ®

Plots of [CHsI]/R &y, versus 1/[CHsl] are shown in
Fig. 7. Figure 8 shows the relations of [CDsI]/R2p,
against 1/[CDslI]. The values of kg obtained from the
intercepts in Figs. 7 and 8 and the ratio of kg (CDsl)/
k3 (CHsl) are shown in Table 3.

Kinetic Isotope Effect. On the basis of Reactions
1—6, the following reaction mechanism was postulated
for the formation of methanes in the pyrolysis of
mixture of CHsl and CDsl:

kll
CHisl + CHsl or CDsl v——k—A CHsI* + CHsl or CDsl

l/105'-:.

o -
Ry,

(CH,D

0 5 10 15 20
(CH3D™"/10* dm’mot”

Fig. 7. Plots of [CHsI)/R2u, versus 1/[CHsI]. @,
606.8K; @, 620.2K; ©, 633.5K; O, 649.5 K.
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Fig. 8. Plots of [CDsl]/R, versus 1/[CDsl]. @,
620.2 K; (({[CDsl]/R2p,)/10); ©, 633.5K; O, 649.5K;
@, 665.5K; @, 681.5 K.
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k1o
CDsl + CHal or CDsl ==== CDsI* + CHsl or CDsl
kas
CHsl* == CHal* e, CHs 41

kap
CDal* k:a CDsI* %> CDs + 1

CHs + CHsl —— CH4 + CHal (6a)
CHs + CDsl —— CH3sD + CDql (6b)
CDs + CH3sl —— CD3H + CHal (6c)
CDs + CD3sl —— CD4 + CDa2l. (6a)

From the mechanism of Reactions la—6d, the
decomposition rates of CHsl and CDsl, RYCHsl)m and
RY(CDsl)m, can be estimated from the relations of

RS(CHsl)m = R% 0/(1 + @) (10)
and

R(CDsl)m = R /(1 + a). (11)
Here, Ry=R2%u+ReuptReutTREp, and a is given by

a = (R%u, + R&up)/(R%wu + Rep).  (12)

When the experimental values of R3=9.35 pmol ml-!
s~1 and «=1.94 at 633.5 K and 10.67 kPa of the total
pressure were applied to Egs. 10 and 11, R3(CHsl)m=
6.17 and R3(CDsl)»=3.18 pmol ml-! s~ were obtained.

On the other hand, the initial decomposition rate of
CHslI at 633.5K and 10.67 kPa of CHsl only, R§
(CHsI), was 20.76 pmol ml-ts-1.  Since the mole
fraction of CHsl in the mixture is one half, the ratio of
the initial decomposition rate of CHsl in the mixture
to that of CHsl only, n(CHzsl), was estimated to be
0.594 from the relation

n(CHsl) = 2RS(CHsl)m/RS(CHsI).

Similarly, the ratio of the initial decomposition rate of
CDsl in the mixture to that of CDsI only, n(CDsl), was
evaluated to be 0.772 using the relation

Table 3. Experimental Values of kq(CHsl),
k& (CDsl), and kg (CDsl)/ks(CHsl)

T k& (CHsl) k& (CDsl) ke (CDsl)
K 10-6 s~ 106 -1 kT (CHal)
606.8 2.92
620.2 8.22 2.38 0.290
633.5 22.0 6.27 0.285
649.5 68.2 19.0 0.279
665.5 54.5
681.5 149
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n(CDsl) = 2R%(CDsl)m/RS(CDsl).

and R3(CD3l)=8.24 pmol ml-1s~1 at 633.5 K and 10.67
kPa of CDsI only.

These results suggest that both excitations to the
active molecules of CHsI and CDsl by cross-collisions
in the mixture are less effective than those in the
separated systems of CHslI and CDsl.

On the other hand, the exchange reactions between
CHs and CDs radicals by the iodine atom abstraction
from methyl iodide are conceivable in the pyrolysis of
the mixture of CHsI and CDsl.

kiza
CH; + CDsl ==== CD; + CHsl  (13)

Since the relations of R$(CHsl)m>R§(CDsl)m and
hence [CH3]>[CDs] exist in this system, the reaction to
shift to the right side seems to proceed. The shift leads
to the increase of n(CDsI) and the decrease of n(CHslI).
Accordingly, if we assume ki3./(keatkev)=k13v/(Rectkea),

the value of kis./(keatke») can be estimated from the
equation

kisa _ B —a

kot F  (@— DB 1)

where 8 means the ratio of the real decomposition rate
of CHsl to that of CDsl in the mixture. When the
values of B=R$(CHsl)/R3(CDsl)=2.52 (n(CHsl)=
1n(CDsI)=0.645) and «=1.94 were applied to Eq. 14, the
value of kis./(keatkeb) was 0.175.

The result suggests that the rate of iodine abstrac-
tion is fairly slow as compared with the rate of
hydrogen abstraction, though the exchange between
CH; and CDs radicals by the iodine abstraction is
conceivable.

On the formations of CH4, CH3D, CHD3, and CDy,
the rate expressions

R2u/R%up = kea/kev (15)

and

R2upy/R2p, = ke/ kea (16)
can be derived when [CHzsl] is equal to [CDsI]. Both
experimental values of ke./ke» and kec/kea were found
to be 3.4 from Fig. 6.

On the other hand, the wavenumber of doubly
degenerate stretching vibration of the C-H bond of
CHjsl is 3060.3 cm—1,” and the wavenumber for CDsl is
2160 cm~1. Therefore, the difference between the zero
point energies of the vibrations becomes 5385 J mol-1.
If the zero point energy is assumed to contribute to the
enthalpy term of the rate constant of the hydrogen
abstraction reaction,® the rate constant ratio of ke./keb
or ke./kes seems to depend on the factor of exp
(5385/RT), and the factor at 633.5 K was 2.8. Therefore,
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the kinetic isotope effect on the rate constant ratios
appears to be caused mainly by the zero point energy
difference, judging from the experimental value of
kes/kev Or kec/kea and the factor. Similar results were
also found on the hydrogen abstraction reactions by
CHs or CDs from Hz or Ds,® by CDs from CgeHs or
C2Ds6,19 and others.1V
Thermodynamic Considerations.
change of the thermal decomposition

The enthalpy

CHsl(g) — CHs(g) + K(g)

at 298 K, AH 554(CH3sl), is given by

AH 505(CHsl) = AH 505(CHs(g)) + AH {505(I(g))

~ AH?55(CHsl(g)) (17)
using the standard heat of formation (AH{fzg). The
energy change at 0K, AEo(CHasl), can be calculated
from the equation

6 Xi

s1ev—1

AEo(CHsl) = AH 504(CHsl) — RT[% + (

CHs

B
- §1 e — 1 )CHsl] (18)

derived using the principle of the equipartition of
energy for the translational and rotational energies,
RT3xi/(exp xi—1) for the vibrational energy, and
AH=AE+AnRT. Here, x/—hcv/kT and v; means the
wavenumber of i-th vibration.?

The dissociation energy at 0 K, Do(CHs-I), can be
calculated from

Do(CH3s-I) = AEo(CHzsl) + AE;(CHal), (19)

where

AE=(CHsl) = E,(CHal) — E¥(CHs)
—(8h-/2) — (Shews/2
= Z}l T/ 2| oH,1 ?:‘1 /2|y, (20)

Here, E,(CHsl) means the total sum of zero point
energies for all vibrations except for the stretching
vibration of the CHs-I bond. E;(CHs) denotes the
over-all zero point energy for the vibrations of CHs.

When the wavenumbers listed in Table 4 for the
vibrations of CHsl and CHs, and the thermochemical
values of AHT2(CHsl(g))=13.8, AH{s95(CHs(g))=
143.2,9 and AH 295(1(g))=106.912 kJ mol-1 are adopted,
the values of AEo(CH3I)=230.6 and Do(CHs-1)=243.7
kJ mol-1 were obtained from Eqs. 18 and 19. The
value of AH{a9s(CHzsl(g)) adopted above seems to be
reasonable, judging from the reported values of 9.6,19
13.8,19 14.2,19 and 15.919kJ mol-1.

The value of Do(CDs-I) can be estimated from the
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Table 4. Physical Constants for the Molecules and the Activated Complexes
on the Thermal Decompositions of CHsI and CDsl

Molecule Complex
CHsl CDsl (CHs---I)* (CDs---I)*
Wavenumber/cm™1 533.2(1 491(1)» 617(1) 463(1)
882.7(2) 514(2) 1396(2) 1026(2)
1250.8(1) 940(1) 3044(1) 2513(1)
1438.2(2) 964(2) 3162(2) 2381(2)
2953.2(1) 2085(1)
3060.3(2) 2160(2)
Moment of inertia/10747 kg m? 5.52(1) 11.02(1) 5.85(1) 11.68(1)
111.5(2) 138.6(2) 2.92(2) 5.84(2)

a) Stretching vibration of the C-I bond.

relation

Dy(CDs-I) = Do(CHs-1)
+ he[7(CHsl) — 74(CDsl)}/2, (21)

where 7 means the wavenumber of the C-I stretching
vibration. AEy(CDsl) can be calculated by the equa-
tion

AEo(CDsl) = Do(CDs-1) — [E(CDsl) — E;(CDs)]. (22)

The value of E,(CDsl)—E;(CDs) can be estimated by
the same equation as Eq. 20 for CHsl. By using the
wavenumbers listed in Table 4 and Do(CHs-I) ob-
tained above, the values of Do(CDs-1)=244.0 and
AEo(CDsI)=240.9 k] mol~1 were obtained from Egs.
21 and 22.

Calculations and Comparisons of k5. The calcu-
lations of k; for the thermal decompositions of CHsl
and CDsl were carried out using the equation

w_ kT QTq:e—DMRTIw as7/R o—EsRT g Lo
ke =7, a9, J, ce d(RT) ®)

derived previously.® The activated complex for a
single-bond fission should be very loose, because it
must have the same structure as that for the radical-
radical recombination which is a reverse reaction.
Thus, the Gorin model? which free methyl radical
and iodine atom are in an associated state by the
intermolecular force was adopted. The physical
constants for the molecules and the activated com-
plexes based on the Gorin model are shown in Table 4
for the wavenumbers of vibrations of CHsl,? CDsl,1®
CH3,19 and CDs,1® and the moments of inertia of the
rotations of CH31,20 CD3l,29 CHj3,20 and CD3.2V

The rotational partition function of the activated
complex, g7, is given by

FS

q: =

2
8n2l'(2/3)ukT ( 24 )1/3, (24)

o*h? kT

when the Gorin model can be adopted for the
complex.22 Here, u, 0%, and I" denote the reduced mass,
the symmetry number, and the gamma function,
respectively.  Since both free CHs (CDs) radical
(planar, Dsx) and I atom are nonpolar, the attractive
potential constant in the Lennard-Jones 12-6 inter-
molecular potential, 4, can be calculated from the
Slater and Kirkwood equation for the dispersion
term.5-29 The value of 4 calculated using the values of
a(CHs)=a(CD3)=2.24X10-3 m3,29 ¢(1)=5.04X10-3 m3,2%
and N.(CHz3)=N.CD3)=N(I)=7 for the polarizability
(@) and the number of outer-shell electrons (N.) was
2.01X10-77 J me.

The vibrational energy accumulated in all vibra-
tions of methyl iodide except for the stretching
vibration of the C-I bond, E., can be calculated from
the equation

E.=RT3x/(e* — 1). (25)

i=1

Meanwhile, the vibrational energy which is carried in
the activated complex, ET, is given by the relation®

E¥ = AEX — 3RT/2 + E.. (26)

The vibrational temperature in the complex, 77,
can be estimated by the procedure described previously.?
It is found in Fig. 9 that T is considerably higher
than the reaction temperature (7). As is found from
the relation of Eq. 26, the main contributions to Ty in
the lower and higher temperature ranges are due to
AE* and E., respectively. The increase of T7(CHsl)—
TF(CDsl) by decreasing of T is based on the relation of
AEF(CH3I)>AE;(CDsl). Meanwhile, the proximity of
TF(CDsl) to T3 (CHsI) by increasing of T is caused by
Eo(CD3l)>E.(CHsI).

The value of ASY can be calculated using Egs.
27—29

AS* = §*¥ — §* (27)

8
S¥ = R [xi/(e — 1) — In (1 — e™™)]

=1

(28)
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Fig. 9. Relations of the vibrational temperature in
the activated complex (77¥) and the reaction temper-
ature (T). —, CHsl; ——, CDsl.
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Fig. 10. Plots of S¥/R, S/R, and ASy/R as a func-
tion of E.. —, CHsl; ——, CDsl.

Sr= Ril[x?/(exf —)—In(d—e)], (29
where xT=hcvT/kTy. Here, 77 denotes the wave-
number of i-th vibration of the complex.

The values of S$¥, ST, and ASy calculated using the
procedure described previously® are shown in Fig. 10
as a function of E.. Both values of E. and S¥/R at 0K
are zero. While, the values of ST/R and AST/R at E.=0
have positive value, because AE; and Ey at 0K are
positive from the relation of Eq. 26. However, it is seen
in Fig. 10 that AST/R decreases with an increase of E.,
because S¥/R increases more rapidly than S7/R.

The values of k3 (CHsl), kg(CDsl), and kg (CDsl)/
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Table 5. Calculated Values of kq(CHsl),
k3 (CDsl), and kd(CDsl)/ k& (CHaI)

T k& (CHsI) k3 (CDsl) k& (CDsl)
K s s71 ki (CHaI)
400 3.88X10~Y7 1.59X10-17 0.404
600 1.70X10-8 5.02X1077 0.293
800 2.87X107! 6.40X10-2 0.222
1000 3.28X102 5.76X101 0.175
1200 3.08X104 4.40X103 0.143
1600 6.48X108 6.93X105 0.107
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Fig. 11. Temperature dependence of ka(CDsl)/
kd(CHsI). Calculated value: —, calculated using
Eq. 23; ——, the RRKM theory; ———, the theory

of absolute reaction rates. Experimental value: O,
the present work.

k3 (CHsl) calculated from Eq. 23 using the values in
Table 4, Do(CHs-1)=243.7, and Do(CDs-1)=244.0k]
mol-! are shown in Table 5. The calculations of
k3 (CHsl), k3 (CDsl), and k3(CDsl)/k3(CHsl) on the
basis of the theory of absolute reaction rates?® and the
RRKM theory?® were also carried out using the
same activated complex model, the physical constants
listed in Table 4, the values of Dy exhibited above,
AEo(CH3I)=230.6, and AEo(CDsI)=240.9 k] mol-1, in
the same way as the calculations for the thermal
decompositions of methanes and ethanes.”

Figure 11 shows the calculated values of kg(CDsl)/
k7 (CHsl) together with the experimental values. It is
found in Fig. 11 that the values calculated using Eq. 23
are in well accord with the experimental values, but
the values calculated with the RRKM theory are too
high compared with the experimental values.

The Arrhenius plots for the calculated values of
k7 (CHsl) are shown in Fig. 12 together with those for
the experimental values, where the experimental
values!~ except for the values in the present work are
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Fig. 12. Plots of log ka(CHsl) versus 1/T. Calculated
value: —, calculated using Eq. 23; ———, the RRKM
theory; ——, the theory of absolute reaction rates.
Experimental value: O, the present work; A, Ref. 1
(ca. 820 Pa); M, Ref. 2 (80.5kPa); O, Ref. 3 (5.8
umol cm—3); @, Ref. 3 (13.2 pmol cm™3); A, Ref. 3
(27.3 pmol cm™3).  All experimental values except
for those in the present work (O) are not the rate
constant at the high pressure limit.

not those at the high pressure limit. In Fig. 12, it is
found that the values calculated using Eq. 23 consist
fully with the experimental values in the present work,
and the values calculated with the theory of absolute
reaction rates are fairly high compared with the
experimental values. The increase of k; depends
mainly on the decrease of the enthalpy term of kg by
the relation of AE;=D¢—AE; in Eq. 19. This fact
suggests that AET participates in the entropy term of
k7, but is not related to the enthalpy term.?

The temperature dependence of kg (CHsl) calculated
by the RRKM theory is fairly high compared with that
calculated from Eq. 23 in common with those on the
thermal decompositions of CHs and CoHg.® There-
fore, the conformity with the experimental values
grows worse in the lower and higher temperature
ranges as is seen in Fig. 12.
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