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Abstract

A theoretical study of the gas-phase reaction CH4 + OH →
CH3  +  H2O  kinetics  (energy  calculation  level  CCSD
(T)/6311++G**//B3LYP/631+G**)  in  the temperature
range 200 – 2000 K was performed. A discussion is held
within the framework of the non-equilibrium model, in
which at the d C.. O  distance  the tunneling H-atom
and system reorganization processes occur simultaneous-
ly. Kinetic analysis, performed with regard to a promoting

t of C(H)..O  bond oscillation and the lifetime of the
collision complex, leads to a close agreement with experi-
mental data.

Keywords: Methane, Hydroxyl Radical, Non-Equilibrium
Model, Promoting Vibrations, Collision Complex Lifetime
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1. Introduction

e reaction of methane with the hydroxyl radical (Eq. 1) has
attracted  the  attention  of  researchers  for  decades  due  to  the
key role this reaction plays both in the balance of atmospheric
methane and in hydrocarbon combustion processes.

CH4 + OH → CH3 + H2O               (1)

As  a  result  of  intensive  experimental  studies  of  the  reaction,
performed  by t c  groups  in  a  wide  range  of
temperatures,  reliable  kinetic  data  were  obtained,  character-
ized  by  mutual  consistency:  the  equations  recommended  in
the  reviews  of  1986  [1]  (Eq.  2)  and  2005  [2]  (Eq.  3)  lead  to
very close values of the rate constants.

k(T) = 2.49.10-18 T2.13 exp(-1230/T) 250 -2000 K                (2)

k(T) = 2.27.10-18 T2.18 exp(1350/T) 250 -2400 K                 (3)

in cm3 molecule -1 s-1

Recent theoretical studies have been aimed at high-level calcu-
lation  of  the  full-size  PES  of  the  reaction  [3-5]  and  descrip-
tion of its kinetics both regard to the variational TST with cor-
rection for  tunneling [6,  7]  and using dynamic  modeling [4,
6, 8-10] (only a few references are given).

e present work continues the study of gas-phase reactions
of hydrogen atom transfer  within the  framework  of  the non-
equilibrium approach. Previously, an attempt was made to use

the data on the kinetics of reactions of the methyl radical with
methane  [11]  and  methanol  (along  the  C–H  [12]  and  O–H
[13] bonds) to describe hydrogen atom tunneling dynamic as-
pects [13, 14]. e present work is devoted to examining the
system  dynamics  at  the  moment  of  reactant  collision  from
this point of view.

CH4 + CH3 → CH3 + CH4  (4)

CH3OH + CH3 → CH2OH + CH4  (5)

CH3OH + CH3 → CH3O + CH4  (6)

Figure 1:

[15-18] is based on the generalized Franck-Condon principle 
(GFCP) [19]: during proton tunneling, heavy atoms of the 
system retain their positions1. As shown by the study of the 
reactions of the methyl radical with methane (Eq. 4) and   
methanol (Eqs. 5, 6), for H-atom transfer reactions in the gas 
phase, the factor of constancy of the distance between the 
H-donor and acceptor atoms, during tunneling comes to 
the fore [13]. In the potential energy diagram (Fig. 1), this 
condition determines the motion of the reaction system along 
the abde route; sections ab and de correspond to the motion of 
the system along the minimum energy path (MEP) in the 
reactant and product valleys, respectively, and section bd 

  occurs in a double-well potential V(    ;r), where r 
is the tunneling coordinate2.

1It would probably be more accurate to talk about the unchanged system structure. 
2For reaction (1) Q is the distance C…O at the moment of closest approach of the reactants; r is the distance C-H. 

    ,

, tunneling
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Scheme 1

Scheme 2

Scheme 3

It is easy to show the e between this method of the re-
action description and that  one adopted in the classical  TST
and modern dynamic models.  Let us imagine that at point b
(Fig. 1) the  system  has  some  excess  kinetic energy. If  this
is the translational energy of the relative motion of the reac-
tants,  the  further  development  of  the  reaction will  occur  ac-
cording  to  a  dynamic  scenario:  the  system can pass  through
the  saddle  point  (SP),  s*,  or  tunnel  through  the  equilibrium
energy barrier on the way to it. On the other hand, if the en-
tire excess kinetic energy at point b is transformed into the C-
H bond vibrational energy, the system is able to pass to the
nal  state  as  a  result  of  tunneling  of  the  H  atom  from  some
excited vibrational level of the double-well potential V(   ;r).

    = 2.6 A; r01 = 1.1 A (Scheme 1), rb = 1.29 A (Scheme 2), r02 = 1.64 A (Scheme 3).

3In case of reaction 6, model 2 is not fully realized.

In studying reactions (1) – (3), two models of H-atom tunne-
ling were considered [13]. In model 1, it is assumed, in 
accordance with the GFCP, that the proton transition itself is 

preceded by symmetrization of the potential V(   ;r). At this 
stage, the system shi�s along the coordinate r (which is 
considered in this case as the structural coordinate of the 
reaction (coordinate ρ)) to a certain point c (Fig. 1); following 
this (slow) stage, at �xed distance    and structure of the 
system, a fast tunnel transition of hydrogen from the le� well 
of the potential V(r; ρ*,   ) (ρ* is the value of the coordinate ρ 
at point c) to the right one occurs. �is model describes well 
the kinetics of the symmetric reaction of methane with the 
methyl radical (Eq. 4). For the description of the asymmetric 
reactions of the methyl radical with methanol (Eq. 5 and 6), 
model 2, in which the processes of H-atom tunneling and 
system reorganization are considered to occur simultaneous-
ly, turned out to be more adequate3; the tunneling potential in 
this case is the asymmetric potential V(    ;r). It is assumed that 
the transition from model 1 to model 2 is associated with a 
tunneling process slowdown in the asymmetric potential (see 
Section 4.2).

V(r;   ). D(H4COH7)= 180o,
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Regardless  of  the  tunneling  model,  the  equation  used  to  de-
scribe the thermal rate constant of the reaction, k(T), is:

k(T) = σ ∫k(   )d  = σ ∫ νt(    ,T) exp[-ΔG*(   )/RT]d          (7a)

ΔG (   ) = ΔH (   ) - T ΔS***

*

*

* * * *

**

*

(   )           (7b)

ΔS ( ) = 1000{[Δh (   ) - Δg (   )]/T}          (7d)

Δh (   ) = h (   ) –h; Δg (   ) = g (   ) – g          (7e)

To calculate the tunneling frequency νt( , T) the following re-
lations are used:

νt(   ,T) = νt
00 (   ) + Σi  νt  (   ,T)  (8a)

νt
i(   ,T) = νt

ii(   ) exp(-ΔVi0(   )/RT) (8b)

Here νt
00 and νt

ii are the H-atom tunneling between zero and

i-th levels of the double-well potential V(r;ρ*,    ), respectively,

and ΔVi0 is the energy e between the i-th and zero lev-
els of the potential.

3. Calculation Details

All  calculations  were  performed  using  the  Gaussian  03
ware  package  [20]  at  the  energy  calculation  level  CCSD
(T)/6-311++G**//  B3LYP/6-31+G**.  Calculations  related  to
the  determination  of  tunneling frequencies  were  performed
on the basis of model 2. s is due, as   already noted, to the
preference of this model for the case of asymmetric reactions,
on the one hand, and to the impossibility of performing calcu-
lations on the basis of model 1, on the other hand. e reason
for this is an extremely high dependence of the system geome-
try on the structural coordinate ρ, which does not allow
the symmetrization point of the tunneling potential.

When  optimizing  the  geometry  for  the  key  points  of  the
equilibrium potential V(   ;r) : the positions of the le  (r01) and
right (r02) minima, as well as the barrier top (rb) (schemes
1-3), along with the distance , the dihedral angle H1COH7

was also d (at a value of 180°). e values of r01 and r02

were taken to be equal to 1.1 and      - 0.96 A, respectively.

e  tunneling  frequencies  were  calculated  in  the  WKB  ap-
proximation using the Brickman method [21, 22]. e calcula-
tions  by  Eq.  8  are  carried  out  at  i≤8.  When  calculating  the
thermo-chemical  quantities, g  the  above  geometric  pa-
rameters of the system usually leads to the appearance of sev-
eral (from one to three) imaginary frequencies, which, as as-
sumed, s a change in the shape of the vibration poten-
tial, namely from a single-well potential to a double-well one.
When  determining  the  h*  and  g*  values,  the  imaginary  fre-
quency values were replaced by the corresponding real ones.

e values of the CH3 fragment umbrella vibration frequen-
cy, ν(CH3), as well as the C(H)..O bond vibration frequency,
ν(CO), in the collision complex (in the le  well of the V(r;    )
potential,  Scheme  1),  were  calculated  using  the  GaussView
program  in  the  process  of  calculating  thermo-chemical  h*
and  g*  parameters.

e  procedure  for  calculating  individual  parameters  (y)  in-
cluded in the integrand of  Eq.  7a  consisted of  two stages.  In
the t  stage,  the  y  values  were  calculated  for  the  studied
range of distances  with a step of 0.1 Å. In the second stage,
using  the  graphically  determined  dependence  y ( )  (in  the
form of polynomials of various degrees), the y values were ob-
tained with a step of 0.025 Å. e greatest data scatter was ob-
served when calculating the g* values; this required excluding
the  most  deviating  g*  values  when  establishing  the  depen-
dence  y(   ) ,  thus  limiting  the  number  of  variables.

4. Results and Discussion

4.1. Geometrical and Energetic Characteristics of the 

e results of calculating the reaction energy, ΔE00,  and the

barrier height at the saddle point, Eb
SP, are given in Table 1. At

the  selected  calculation  level,  the e  between  the
found parameter  values  and the  corresponding  data  from
high-level calculations [4] is 2.0 – 2.5 kcal.mol-1.

ΔH (   ) = Ea +  Δh (   )          (7c) 

i

where σ is the symmetry number; νt is the tunneling frequency 
in the symmetric potential V(r;   ,ρ*), ΔG*, ΔH* and ΔS* are 
the free energy, enthalpy and entropy of activation, respective-
ly, Δh* and Δg* are the thermal corrections to the enthalpy and 
the free activation energy, respectively, where h*(h) and g*(g) 
are the corresponding thermal corrections for the AC 
(reagents); R is the gas constant. �e calculation of thermody-
namic parameters is performed in the rigid rotor approxima-
tion without accounting for free and internal rotations of the 
AC and reactants.
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Fo
mined by the  energy  expenditure  in  the  section ab (Fig. 1),

r  model 2,  the energy Ea  is  an equilibrium value deter-

Ea
eq:

Ea = Ea
eq,                 (9)

e values of the electron energy Ea and the barrier height Eb

for the range of distances  from 2.5 to 3.0 A are given in

Table 2; the position of the barrier top on coordinate r,  is 
also given there.

Table 3 demonstrates the changes in the system geometry, the
value of the planar angle CH5O (see Schemes) depending on

the  distance and the H-atom position on coordinate r.

e  results  of  the  thermo-chemical  calculations  are  given in
the Appendix (Tables 1S – 5S).

Table 1. Reaction energy, ΔE00, and barrier height at saddle point, E SP
b  (kcal. mol-1)

Parameter work
a)

[4]
b

ΔE
00 10.91 -13.3

E 8.52 6.4

a) CCSD (T)/6-311++G**//B3LYP/6-31+G**;

Table 2: Electronic activation energy Ea, height of direct (Eb1) and reverse (Eb2)
a) barriers; the barrier top on the r coordinate (rb)

    , A E
a

E
b1

E
b2

r
b
, А

2.5 4.216 4.331 11.225 1.205

2.6 2.805 6.572 15.15 1.29

2.7 1.823 10.168 19.979 1.36

2.8 1.146 14.634 25.336 1.419

2.9 0.675 19.708 31.021 1.479

3 0.339 25.165 36.866 1.537

a) Energy values in kcal.mol-1

4.2. Tunneling of the H-atom [13, 14]

e description of the H-atom tunneling dynamics in the po-

tential  V(r; )  is  associated  with  the  concept  of  tunneling
time, τt [23 ] . In this regard the WKB Buttiker and Landauer
equation [24] for the tunneling time of a particle in a symmet-

ric double-well potential V(r) was used as the basis:

τsim = ∫a
b {0.5 m/[V(r) – Vi ]}0.5 dr  (10)

(Vi  is the energy of the ith vibrational level and m is the re-
duced mass of the particle).

Based on the results of kinetic calculations for reactions (4) –

(6), it was suggested that in the case of an asymmetric poten-
tial  barrier,  the  expression  for  the  tunneling  time  should  be
corrected  for  the  asymmetry  factor  η  used  in  the  Brickman
WKB model [21, 22]:

η = [1 + (πΔVmin /hν0) 2T -2]-0.5  (11)

where ΔVmin is the e in the energies of the minima in

the potential V(r; ),ν0 is the zero-point frequency of the H

atom vibration in the le  well of the potential, and Ttr is the

SP
b

Ttr = exp{-2π(2m)0.5h ∫a
b [V(r) – Vi)0.5 dr}            (12)
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According  to  this  assumption,  the  tunneling  time  of  an  H

atom in an asymmetric potential V(r; ) should be described
by the equation

τt  = τt /η 

where τt  is the tunneling time in the potential V(r; ) with-

out taking into account the value of η.

In the case of the exothermic reaction of methane with the hy-

droxyl radical, the value of τt was calculated for the zero level

in the le  well of the V(r; ) potential and for the distance 

corresponding to the maximum of the rate constant k( ) (Eq.

7a), m.

For this reaction (as for reactions (4)–(6)) the main change in
the structure of the system is associated with the transition of

the C atom from the sp3 to the sp2 state. Accordingly, the fol-
lowing parameter can be used as a criterion for the dynamic
behavior of the system during the tunneling of the H atom:

n = τt /T0.5  (14)

where T0.5 is the half-period of the umbrella oscillation of the

CH3 fragment in the le  well of the potential V(r; ); the T0.5

3) value (Section 3).

e τ t, T0.5 and n values calculation results are given in Table

4. e acquired value of n (> 1) is in agreement with the as-
sumption that in an asymmetric potential the tunneling time

of the H atom is relatively (compared T0.5) large; in accor-
dance with model 2, this enables the system structure to adapt

cant change in the CH5O angle (Schemes 1 – 3, Table 3).

Table 3: 5O values (degrees) at the characteristic points of the potential V(r;   )a)

    ,A r
01

r
b

r
02

2.5 113.6 174 160.6

2.6 119.4 177.2 163.2

2.7 125 177.9 165.1

2.8 130.7 178.4 166.5

2.9 136.3 178.5 167.7

3 141.9 178.6 168.2

a) 01 = 1.1 A; r02=   -0.96 A; rb (see Table 2)

Table 4: Calculation of the H-atom tunneling time, τt, and the half-period of CH3 fragment umbrella vibration, T05; 

    , A τ
t
 , s η τ

t
 , s ν(CH

3
), cm-1 T

0.5
, s n

2.6 4.2(-15) 0.0865 4.85(-14) 1314 1.27(-14) 3.82

4.3. Kinetics and Mechanism of the Reaction

4.3.1. Calculation of the Rate Constant within the 
Framework of the Initial Model

e calculation results  of  thermal rate constants of  the reac-

tion  obtained  by  Eq.  7  are  presented  in  Table  5  (column  2)
and  Fig.  2  (curve  1).   With   the   exception  of  the  region of
high  (1500  –  2000  K)  temperatures,  theoretical  values  are
three to six times lower than the experimental ones (Table 5,
columns 9, 10) and Fig. 2 (curve 7).

(13)

r

n=τt/T05
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Figure 2: l rate constant for reaction СН4 + ОН. Without promoting (curve 1); with promoting (given C…O bond promot-
(curve 6);

experiment [1] (curve 7).

Table 5 -1.s  -1)a

T, K Experiment

k k
0

k
1

k
2

k
3

k
4

k
1 [1] [2]

2000 1.02(10) 1.43(10) 3.84(10) 6.32(10) 9.27(10) 1.17(11) 8.27(9) 8.73(9) 1.09(10)

1500 3.10(9) 4.60(9) 1.32(10) 2.24(10) 3.84(10) 4.35(10) 3.45(9) 3.86(9) 4.66(9)

1000 5.01(8) 8.29(8) 2.59(9) 4.53(9) 7.14(9) 9.31(9) 8.85(8) 1.08(9) 1.23(9)

800 1.70(8) 3.03(8) 9.78(8) 1.74(9) 2.79(9) 3.72(9) 3.88(8) 4.94(8) 5.39(8)

600 4.48(7) 8.77(7) 2.85(8) 5.15(8) 8.26(8) 1.11(9) 1.37(8) 1.60(8) 1.64(8)

500 1.75(7) 3.65(7) 1.18(8) 2.15(8) 3.43(8) 4.63(8) 6.40(7) 7.22(7) 7.03(7)

400 5.00(6) 1.13(7) 3.59(7) 6.54(7) 1.03(8) 1.40(8) 2.26(7) 2.43(7) 2.20(7)

350 2.25(6) 5.36(6) 1.66(7) 3.02(7) 4.73(7) 6.37(7) 1.15(7) 1.17(7) 1.02(7)

300 8.54(5) 2.16(6) 6.49(6) 1.17(7) 1.80(7) 2.40(7) 4.95(6) 4.71(6) 3.81(6)

250 2.46(5) 6.71(5) 1.92(6) 3.41(6) 5.13(6) 6.74(6) 1.66(6) 1.41(6) 1.04(6)

200 3.98(4) 1.23(5) 3.31(5) 5.76(5) 8.43(5) 1.08(6) 3.31(5) 2.56(5) 1.66(5)

In  studies  devoted  to  proton  transfer  reactions  in  solution,
the  heavy  atoms  vibration  of  the  three-center  subsystem
A(H)..B  is  considered  as  one  of  the  promoting  factors  [25].
Assuming that this mechanism retains its e for the
reaction in the gas phase (see the next Section), we took as an
initial condition that C(H)..O bond e vibrational levels par-

ticipate  in  the  reaction:  the  zero  and  four  next excited  ones.  
e  cause  of  the  reaction  acceleration  is  the  decrease

in the tunneling distance achieved during the vibration of the
C… O bond: the initial tunneling point b (distance )
to the position b0 (distance 0) for the zero vibrational level,

promotin
b1  (distance 1

g factor, Fj(   ), for a given distance  and vibration-
al level j is determined by the relation:

a) k – calculation by Eq. 7, k0 – k4 – taking into account C…O vibration (the index corresponds to the upper vibration level 

lifetime of the collision complex (Eq. 21).
involved in the reaction (starting from the zero level) explanation in the text), k1  – rate constant k1 with correction for the `
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Figure 3: 4 + OH: comments in the text.

Fj(   ) = ν t( j)ν t(   )
-1 {exp{-[E j(   ) – E 0(   )]/RT} 

t t j

H-atom tunneling at distances  and j, respectively; E0( )
and Ej( ) are the energies of the zero and j vibrations at point
b.

e rate constant value k( ) taking into account promotion,
kpr(   ), was obtained from the relation

kpr(   ) = k(   ) F(   )              (16)

where F (   ) is the promotion factor for a given    :

F (   ) = Σj Fj(   )                  (17)

By substituting the kpr( ) value into Eq. 7a, the resulting val-
ue of the thermal rate constant, kpr(T), was determined.

kpr(T) = ∫Q kpr(   ) d                   (18)

e calculations according to Eqs. (15) – (18) were based on
the energy e of the  system along the MEP, presented as
a dependence on , V(   ) , the corresponding dependence for
the frequency νt, νt( ), and the energy E0( ), determined by
the v(CO) values (Section 3). When calculating the Ej( ) val-
ues,  the  distance  between  neighboring  vibrational  levels,
ΔEj,j+1

+1

 ( ), was considered equal to twice the value of E 0( ):
ΔEj,j ( ) = 2 E0(   ) . e j values for the νt( j) function (Eq.
15) were found using the inverse V( ) dependence (V) and
the energies Ej( ). In general, the number of vibrational lev-
els in the equation grows up with increasing interval  - min,
where min (= 2.5 A) is the minimum value of  available for
calculation.

e values of E 0( ) are given in Table 6. Table 7 provides, as
an example, the calculation details of the values of Fj(   ), F(   )
and kpr( ) at T=500  K  and  =2.8  A.  Fig. 4  demonstrates
the rate constant k( ) changes at T=500 K depending on the
number of C(H)…O vibrational levels j participating in the re-
action.

Figure 4: Reaction rate constant kpr(   ) (Eq. 16) at T = 500 K as a function of C…O bond promoting vibration levels (curve num-

(15)

where ν ( ) and ν ( ) are the tunneling frequencies of the

k
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Table 6: Zero level energy (E0) and period (Tcol) of C(H)..O vibrations

    , A E
0 T

col
 10

-13

, S-1

cm
-1

kcal.mol
-1

2.5 304.9 0.436 1.09

2.6 255.9 0.365 1.3

2.7 213.8 0.306 1.56

2.8 177.5 0.254 1.88

2.9 148.4 0.212 2.25

3.0 132 0.188 2.52

Table 7: Calculation Fj(   ), F(   ) and k pr(   ) values (Eqs. 15 -18 ); Т=500 K     =2.8 A, νt(   )=3.68(9) s-1, k(   )=2.64(5) l.mol-1.s-1

j E
j
, kcal.mol

-1

j
, A ν

t
(

j
) f

j 

a)

P
j
 

b)
F

j
(   ) F(   ) k

pr
(   )

0 0.254 2.759 2.47(10) 6.7 1 6.7 6.7 1.764(6)

1 0.762 2.661 1.06(12) 287 0.464 133.3 140 3.688(7)

2 1.27 2.611 4.58(12) 1244 0.279 346.6 487 1.282(8)

3 1.778 2.57 1.19(13) 3235 0.167 540.4 1027 2.706(8)

4 2.286 2.534 2.24(13) 6094 0.1 610.6 1638 4.314(8)

a) fj = νt( j)/νt(   ); b) P i = exp{-[E j(   ) – E 0(   )]/RT}

creas
In   the  plot  for  the  thermal  rate  constant  (Fig. 2),  an  in-

e in the number of vibrational levels involved in the reac-
tion leads to the kinetic curve upward ; as a result, the en-
tire  region  of  the  experimental  rate  constant  is  covered.  At
the  same time,  the  course  of  the  change in  the  experimental
dependence  (curve  7)  retains  a  noticeable e  from
those predicted by the calculation: at low temperatures, curve
7 is close to curve 3 (the zero and t vibration levels partici-
pate  in  the  reaction),  and  at  high  temperatures,  to  curve  1
(there is no promotion). In the next section, the observed be-
havior of the experimental dependence is considered in con-
nection with the lifetime of the collision complex.

4.4. Collision Complex Lifetime (τlf )

e Bunker equation [26], obtained on the basis of real gases
physical properties, predicts a decrease in the τlf value with
temperature:

τlf = 1.50 σ μ1/2 ε1/6 (2kBT) -2/3  (19)

Here σ is the collision diameter, ε is the well depth for the Len-
nard-Jones  potential,  μ  is  the  reduced  mass  of  the  complex,
and kB is the Boltzmann constant. e values of the σ and ε pa-
rameters for the reaction collision complex were obtained on
the basis of tabulated values for the reactants [see, for exam-
ple, [27]): σ  as the arithmetic mean, and ε  as the geometric
mean (Table 8)4. As the calculation shows, in the temperature

range from 200 to 2000 K, the τlf value changes from 4.1 to 1.0.

10 -13 sec (Table 9). For comparison, the oscillation period of
the C(H)...O bond, Tvb, at  = 2.6 A (corresponding to the
maximum of the k ( ) value at all temperatures) is 1.3.10-13

sec.  Accordingly,  with increasing temperature  the  ratio  p=
τlf/Tvb  changes  from  3.5  to  less  than  1  (Table  9). e
changes are in obvious agreement with the transition from
the promotion to its complete absence described in the previ-
ous section.

e  variable  parameter  f  (Table  9)  shows the change in  life-
time relative to its value at 200 K:

f = τlf/τlf(200 К)               (20)

4 d to the 
xplanation 

may apparently be that the promoting vibrations of the C(H)..O bond are directed not strictly along the MEP, but at some angle to it.
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Table 8: σ and ε values

 σ ,cm ε,cm-1

CH
4 3.41 14.9

OH 2.66 19.9

H
3
C(H)…OH 2.86 17.22

Table 9: Collision lifetime τlf (Eq. 16); р= τlf/Tcol
a) and f= τlf /τlf (200 K) ratios

T, K τ
lf 
10

-13

, S р f T, K τ
lf 
10

-13

, S р f

2000 0.97 0.75 0.215 400 2.85 2.19 0.63

1500 1.18 0.91 0.261 350 3.12 2.40 0.689

1000 1.55 1.19 0.342 300 3.45 2.66 0.763

800 1.8 1.38 0.397 250 3.9 3.00 0.862

600 2.18 1.67 0.481 200 4.52 3.48 1

500 2.46 1.89 0.543     

a) Here Tcol (1.3.10-13 s) is period of C...O collision at 2.6 A.

e rate constant k 1 adjusted for this correction, k1  (Eq. 21), shows a close agreement with the experiment for the entire
studied temperature range (Fig. 5, Table 5).

Figure 5: 4 + ОН: calculation using Eq. 21 (curve 1); experiment: [1] (curve 2) and [2]
(curve 3).

k1  = k1 f (21)

e  direct e  of  the collision complex lifetime on the
reaction  rate  observed  in  this  case  apparently s  a
change  in  the  population  of  the  C(H)…O  bond  vibrational
levels.

, the performed kinetic analysis allows us to identify sev-
eral dynamic characteristics of the reaction:

(1) e process of H-atom tunneling at a d C...O distance
occurs with simultaneous reorganization of the system.

(2) e reaction process occurs with the formation of a colli-
sion complex;

(3) e motion of the system along the MEP occurs both due
to  the  translational  energy  of  the  reagents  and due  to  vibra-
tions of the C (H)..O bond;
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(4) Two vibrational levels of the C (H)..O bond mainly partici-

(5)  When temperature  increases,  the  promoting t  of  vi-
bration is limited by of the collision complex lifetime.

Taking into account t accuracy of some calcula-

tions (Sections 3 and 4.1), it appears that the observed agree-
ment between theory and experiment for the thermal rate con-
stants   (Fig. 5  and  Table 5)  should  be  partly  attributed  to
the mutual compensation of calculation errors. It seems, how-
ever, that the obtained results are t and in total con-

m the realism of the non-equilibrium approach to studying
the gas phase H-atom transfer reactions.
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