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Rate Coefficients for lon-Molecule Reactions. .

lons Containing C and H

L. Wayne Sieck and Sharon G. Lias

Environmental Chemical Processes Section, Institute for Materials Research, National Bureau of Standards, Washington, D.C. 20234

A compilation is presented of experimentally determined bimolecular and third order rate coefficients
for the reactions of hydrocarbon ions with neutral molecules in the vapor phase. The literature covered
is from 1960 to the present, and both positive and negative ions are considered. Four hundred and
fifty-eight separate reaction-pairs are tabulated, and the ionic reaction products and experimental
conditions are specified wherever possible. Preferred values are suggested for a number of these

processes.

Key words: Chemical kinetics; data evaluation; gas phase; hydrocarbons; ion-molecule reactions;

mass spectrometry; rate coefficients.

1. Introduction

During the past decade, the detailed investigation of
the dynamics, rates, and mechanisms associated with
the interactions of ions with molecules in the vapor
phase has been characterized by an almost exponential
growth. The current widespread interest in these
processes can be attributed to their recognized role in
the upper atmosphere, combustion systems, in materials
exposed to high energy radiation, and their application
in organic and inorganic trace analysis, especially in
the area of air and water pollution. Recent reviews of
kinetic data[1,2]! have been restricted to those reactions
relevant to the chemical physics of planetary atmos-
pheres, which invelves principally the interactions of
atomic, diatomic, and triatomic inorganic ions. Although
the literature concerned with specific aspects of the
instrumentation, thermochemistry, kinematics, rates,
and mechanisms associated with vapor phase processes
involving complex ions, particularly those of organic
origin, is quite extensive [3-6], the available bibliogra-
phies incorporating rate data {7, 8] are wore thau five
years out of date as of this writing and no critical review
has ever been attempted. Furthermore, the overall
quality of the data cited therein necessarily reflects the
instrumental state-of-the-art characteristic of the late
1960’s, which has vastly improved recently both in the
variety of techniques and the overall accuracy and
precision with which rate parameters have been
measured.

Our goal in preparing these articles is two-fold. First,
we wish to provide a comprehensive, -up-to-date. com-
pilation of those bimolecular and third-order ion-

molecule reactions and the associated rate constants.

(coefficients) recorded under reasonable well-specified
experimental conditions at ion kinetic energies <0.5 eV.

'Figures in brackets indicate literature references at the end of this paper.
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We have restricted our entries to those data expressed
in ‘units of cm3 molecule~! s~1 or cm® molecule~2 s,
which encompass more than 95% of the recent meas-
urements carried out at thermal or nearly thermal
energies. Second, since rate coefficients for many
reactions have now been determined under a variety of
experimental conditions, it is possible, in many cases,
to subject the combined literature to critical evaluation
and to suggest a preferred value. We feel that this
objective is of prime importance since many investiga-
tors use reference reactions for instrumental calibration
purposes. Unfortunately, depending upon the particular
laboratory, different values have been assumed in many
cases for the same calibration reaction, and in several
instances the value chosen hy a given laboratory has
changed with time. One would hope that the assignment
of a preferred value with appropriate error limits would
provide a common reference base for use by the various
research groups.

This compilation and evaluation deals with the
reactions of ions containing carbon and hydrogen only
(including C* and C%). The following journals were
searched for entries from 1960 to the cut-off date,
approximately 1 September, 1975.

Journal of Chemical Physics

Journal of Physical Chemistry

Journal of the American Chemical Society

Journal of Research of the National Bureau of

Standards
The International Journal of Mass Spectrometry and
Ion Physics :

International Journal of Chemical Kinetics

Canadian Journal of Chemistry

Chemical Physics Letters

Transactions of the Faraday Society

Other pertinent entries were found by scanning Current
Contents, Advances in Mass Spectrometry, and the .
published proceedings of various symposia and meetings
dealing with this subject. Unpublished results are not
included.

J. Phys. Chem. Ref. Data, Vol. 5, No. 4, 1976
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1.1. Evaluation of Data

With respect to error limits and the reliability of data,
it is often difficult to make an objective judgment con-
cerning the validity of a particular rate coefficient.
However, it is our feeling that greater than 98 percent
of the tabulated values are most certainly correct to
within a factor of two of the true value at the stated
temperature and/or kinetic energy. Difficulties often
arise in assigning more stringent limits. For example,
one of the perplexing aspects of the chemistry associated

with complex ions is the fact that the reactivity of these

species may depend critically upon the internal energy
content of the reactant ion. Whenever specific reactions
have been shown to exhibit such effects it is so stated

in the compilation. Secondly, many of the older values
reflect the reactivities of ions which were translationally

excited due to the presence of electric fields within the
reaction zone. Although this condition would not neces-
sarily affect the Lolal reactivity of any given ion, it is
well established that resultant product distributions
are often seriously affected. Moreover, in many cases
the original authors did not properly state their experi-
mental conditions, particularly with respect to the tem-
perature of the bulk gas. Even when the temperature was
stated it is unlikely that the neutral flow component had
achieved equilibrium, especially in measurements
carried out at reduced pressures. Taken together, these
complications, as well as others discussed elsewhere
{9, 10], introduce a large and often undefinable uncer-
tainty in a number of the tabulated values.

When the accuracy limits given by the original authors
seem appropriate within the framework of the possible
sources of error, the original error limits are cited.
Otherwise, either a reasonable estimate is applied or
limits are simply not stated. In general, the most recent
values tend to be the most accurate for any given
reaction-pair. '

2. Reaction Rate Tables

Two tables are presented, table 1 covering positive
ion reactions and table 2, negative ion reactions. The
entries in the various columns are described as follows:

2.1. Reaction

The reactions are listed sequentially according to the
molecular weight (atomic number) of the reactant ion
except in those cases where certain ions should be
grouped together, as when deuterium is substituted for
hydrogen, for example. In order to conserve space, the
following abbreviations are used to define the structures
of ionic and neutral reactants in those cases when more
than one isomer may exist; n=normal, i=1iso, t=ter-
tiary, c¢=cyclo, tr=trans, o=ortho, p=para, and
m= meta.

J. Phys. Chem. Ref. Data, Vol. 5, No. 4, 1976
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More than one product ion is obtained for many of the
reactions which are cited. In some cases the ionic
product distributions (branching ratios) are given as the
percentage contribution of each product to the total
secondary ion spectrum. However, for most reactions
the branching ratios critically depend on the tempera-
ture and pressure. In these cases, the various product
ions observed in a given determination are simply
listed. Neutral products are not specified.

2.2. Rate Coefficient (k)

Rate coefficients are given in units of cm? molecule !
s~! for bimolecular reactions and ¢m® molecule~2 51
for third order processes. Unless otherwise stated, the
error limits given are those imposed by the original
authors (see Introduction for discussion). The most
recent experimental determination is listed first, the
others following in reverse chronological order. Prefer-
red values and the associated uncertainties are indicated
by an asterisk.

2.3. Temperature (T)

When the system temperature was specified, then
that value is given in kelvins. Allion cyclotron resonance
measurements may be assumed to have been carried
out at ambient laboratory temperatures (295 =5 K).

2.4. Method

The nomenclature used to described the various
measurement techniques is similar to that used by
Ferguson [1].

Method See below for short description

DT Drift Tube
FA Flowing Afterglow

ICR Ion Cyclotron Resonance

MS Mass Spectrometer Ton Source
B Beam Apparatus

TI Ion Trap

R Radiolysis

a. Drift Tube (DT)

This is a relatively new technique which yields rate

- coefficients from thermal to several electron volts

kinetic energy. It has been mainly applied to the reac-
tions of inorganic ions of aeronomic interest.

b. Flowing Afterflow (FA)

This versatile method, which utilizes a buffer gas at
relatively high pressures, assures that the reactant ions
are essentially always in thermodynamic equilibrium
prior to reaction. The gas temperature is variable over
a considerable range (up to 900 K). FA has been especial-
ly useful for the determination of equilibrium constants
and other thermodynamic quantities pertinent to ionic
association and particle transfer reactions.
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c. lon Cyclotron Resonance (ICR)

Ion Cyclotron Resonance mass spectrometry is a low
pressure technique (107 to 10-3 N m~2) in which the
reaction time is usually the variable experimental
parameter. Most of the rate data have been obtained at
nearly thermal kinetic energies and at ambient room
temperature.

d. Mass Spectrometer lon Source (MS)

This is a catch-all category used to denote measure-
ments involving a single reaction chamber associated
with a mass analysis system. The application of this
popular technique varies considerably from laboratory
to laboratory. Some groups work in the pressure range
10 °10 10" N m 2, with or without pulsed chambers,

while others have extended the pressure range up to

nearly one atmosphere. Both photoionization and
electron impact have been utilized to produce reactant
ions. Many of the earlier low pressure studies involved
the application of a electric field across the reaction
zone for the purposes of ion extraction. Tn these cases
the reactant ions were continuously accelerated, giving
an epithermal kinetic energy distribution.

e. Beam (B)

Beam experiments involve the generation of a mass
and energy selected ion beam which is impacted on a
neutral target in a collision chamber coupled with a
second mass analyzer. The kinetic energy may be varied
from nearly thermal valnes up to tens of kilovolts.

f. lon Trap (T)

This relatively new technique usually involves the
trapping of ions for a variable period of time in the nega-
tive space charge of a continuous low energy electron

1125

beam. The reactant ions may have kinetic energies in
excess of thermal values, in some cases up to several
tenths of an electron volt.

g. Radiolysis (R)

Normally = experiments carried out at pressures
greater than 100 N m~2, and at ambient room tempera-
ture. Rate coefficients are derived from product distri-
butions obtained from end-product analysis.

In many cases characterization of an experiment as
being of the Beam type, Mass Spectrometer ion source
type, etc., is not sufficient for defining the exact measure-
ment technique. To provide more information we have
also included  a reference under Methods which best
describes the original instrument. The reader should
always refer to the specific literature citation associated
with the quoted rate coefficient for details of the varia-
tion used to generate any particular value.

h. Comments

This column is used to provide descriptive information
pertinent to the measurement such as “k varies with
temperature, 0.3 eV ions,” etc. When the quoted value
of k for any particular reaction was determined relative
to an assumed value for a calibration reaction, then the
assumed value for the calibration reaction is given. For
ions containing three or more C atoms, one or more
structural isomers may be present in any given experi-
ment. In those cases where the identity of the reactant
ions is not uniquely defined by the particular prepara-
tion technique, we have listed the neutral from which
the ion is derived. Comments pertinent to our choice of
a preferred value are also given in this column. Pre-
ferred values are suggested only for the reactivity of low
kinetic energy ions (thermal or nearly thermal). Although
coefficients obtained at high kinetic energies are includ-
ed for completeness, these values were not considered
in our determination.

J. Phys. Chem. Ref. Data, Vol. 5, No. 4, 1976
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Table 1. Rate coefficients for reactions of hydrocarbon cations
Reaction T k Method Comments Ref.
¢t ooy - 373 1.43 x 10°° MS, 11 Assumes k(CH," + CH;) = 1.20 x 1079 12
8.1 x 10710 MS, 13 13
~1.5 x 107° TI, 14 14
1.0¢0.2 x 107° FA, 15 15
¢t ¢ n-CyHy, + 1.0%0.2 x 107° FA, 15 15
C+ + CHSCl > 373 2.1 x 10.9 MS, 16 0.21 eV ion exit energy 17
373 2.7 x 107° ¥s, 16 0.46 eV ion exit energy 17
373 x 107°? MS, 16 0.65 eV ion exit energy 17
373 0 x 10'9 MS, 16 1.1 eV ion exit energy 17
¢t o+ CHSF - 373 1.77 x 10_9 MS, 16 0.24 eV ion exit emergy 17
373 2.95 x 10'9 MS, 16 0.65 eV ion exit energy 17
¢’ + cH; NH, - 373 3.8 x 107° MS, 16 3.4 eV ion exit energy 18
¢* + CH,0 + CH)® 8.2 x 10710 ICR, 19 Assumes k(CH,* + CH,) = 1.2 x 10°° 19
¢+ o, » 300 1.940.6 x 1077 FA, 20 21
300 1.46+0.15 x 1077 MS, 22 23
+ + -
o+ CO2 > CO 1.6 x 10 9 MS, 22 RF discharge in CO, 24
e om0 - con” 300 2.0+0.6 x 1077 FA, 25 28
¢+ o0, > 9.0+2.7 x 10710 MS, 26 27
300 1.140.3 x 107° FA, 20 21
C+ . N -+ eyt P . + . -9 . N . -1
SiH, - Si , SiH , 8iH, , SiH; , 340 4.36+0.9 x 10 MS,B,28,29 2.1 eV ion exit energy, 6.25 V cm 30
sicH", sicH,”
S N 300 1.3 x 1077 FA, 20 31
¢t o+ Xe » <5 x 10713 FA, 15 15
'+ cHy 373 1.64 x 10°° MS, 11 12 .
1.29+0.06 x 10°°  ICR, 32 33
1.7+0.1 x 107° T1, 14 Assumes k(CH,* + CH,) = 1.20 x 107° 14
CD" + CD, - 1.21 x 107° MS, 13 13
CH" + C,H, » CpHg" 8 x 10710 B, 34 34
CH + C,Hg » 2.6+0.5 x 10°° MS, 26 35
cHt o+ CH3C1 > 373 1.8 x 10'9 MS, 16 0.21 eV ion exit energy 17
373 2.2 x 10-9 MS, 16 0.46 eV ion exit energy 17
373 2.4 x 10~g MS, 16 0.65 eV ion exit energy 17
373 2.1 x 1077 M$, 16 1.1 eV ion exit energy 17
cH o+ CHSF - 373 1.72 x 10'9 MS, :16 0.24 eV ion exit energy 17
373 2.71 x 10'9 MS, 16 0.65 eV ion exit emnergy 17
cH® + CH:,>NH2 + 373 3.0 x 10'9 MS, 16 3.4 eV ion exit energy ) 18
cu® v a0 gt 3.2 x 10710 IcR, 10 Assumes k(CH," + CH,) = 1.20 x 1070 19
cH' o+ Hy + CHy” 295 1.01+0.4 x 107° ICR, 32 36
cH” + B,S » CHs' 6.6+0.6 x 10710 ICR, 32 Assumes k(cH,® + CH,) = 1.1 x 107 37
e’ + sin, - 817, san’, suyt, sunt, 4.5610.86 x 1079 M5,B,28,20 2.1 oV ion oxit onergy i
sicH,”, SiCHy"
cH" + SiH, » sicH,* 1.56+0.4 x 1071% 1R, 38 38
4 2 ha
CH.?* + CHy 323 1.21#0.12 x 1070 MS, 39 15V en? 39
. 1.20+0.06 x 1072  ICR, 32 53
373 1.33 x 1077 MS, 11 Thermal ions 12
373 1.55 x 107° Ms, 11 20 eV ions 12
1.53+0.1 x 107° TI, 14 Assumes k(CH,* + CH,) = 1.20 x 107° 14
1.31+0.13 x 10'9(*) Preferred Error is one standard deviation
- . Value
cp,* + o, > 1.3 x 107° MS, 13 13
CH,* + CoHg > 2.6+0.7 x 107° MS, 26 35
CH,* + CHCL 373 1.3 x 107° MS, 16 0.21 eV ion exit energy 17
373 1.4 x 107° MS, 16 0.46 eV ion exit energy 17
373 1.6 x 107° MS, 16 0.65 eV ion exit energy 17
373 9.7 x 10710 MS, 16 1.1 eV ion exit energy 17
CHZ+ + CH3F - 373 1.21 x 10—9 MS, 16 0.24 eV ion exit energy 17
373 1.74 x 107° MS, 16 0.65 eV ion exit energy 17
CHZ+ + CH3NH2 > 373 3.6 x 1()_9 MS, 16 3.4 eV ion exit energy 18

J. Phys.
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RATE COEFFICIENTS FOR ION-MOLECULE REACTIONS 1127
Table 1. .Rate coefficients for reactions of hydrocarbon cations--Continued
Rea;:tion T k Methoad Comments Ref.
CHZ+ + CHSCN - 300 1.76 x 10'9 MS, 22 Pressure varied 22
500 3.4 x 107° MS, 22 Time varied 22
€n,* + CDCN » 300 1.76 x 1079 MS, 22 Pressure varied 22
CHZ* + CyHgCN 300 3.12 x 1079 MS, 22 Pressure varied 22
CH,* o+ cHy0 - CHg' 6.4 x 10710 ICR, 19 Assumes k(CH,* + CH,) = 1.2 x 107° 19
CH* + CHySH 500  3.4+0.51 x 107° MS, 40 10 v en? 41
CHZ+ + CH3SQCH$ > 408 4.4+0.4 x 107 MS, 11 0.71 eV jon exit energy 42
. 408 4.0 x 10\9 MS, 11 1.07 eV ion exit energy 42
CHZ* + H, » CH3* 295 7.2+0.4 x 10710 ICR, 32 36
cH," + D, > cHD’,Cp,” 83 3.1 x 1010 MS, 43 Varies with T 44
CH," + NHy » CH,NH," 2.0+0.8 x 107° MS, 26 15
ony* + PSNm, - 1.51+0.29 x 10°%  1CR, 32 37
CH," + NHy > CH,NH," 1.2 x 107° ICR, 38 ‘ 46
CH,* + H,0 + CH,OH" 5.2¢0.9 x 10710 ICR, 32 Assumes k(CH," + CH,) = 1.10 x 307° 37
5.2 x 10710 ICR, 38 46
CH," + H,S » CH,SH", cHs® 5.9¢1.2 x 10710 ICR, 32 Assumes k(CH," + CH,) = 1.10 x 107° 37
6.0 x 10710 ICR, 38 46
CHZ" + SiHl, » si*, sin®, sin*, SiHS*, 5.49+0.89 x 1077 MS,B, 28,29 30
SicH,", sicH," .
cn,* 4 siH, » SicHgt 2.91+0.53 x 10710 1cR, 38 i 38
CH,* + CEy > 323 5.45+0.55 x 10710 ws, 39 15V cn™? 39
CH.® + CH, ~ C.H.® 323 8.6+0.9 x 10 20 MS, 39 15V enL 39
3 4 ™ Coflg . 10
300 9.5+1.5 x 10 TI, 47 Kinetic energy <1 eV 47
9.6+0.4 x 10710 ICR, 32 - 33
340 1.31+0.04 x 1077 TI, 48 49
9.0+0.08 x 10_10 ICR, 32 Assumes k(CH4+ + CH4) = 1.1 x 104; 37
8.9+0.3 x 10710 ICR, 32 Assumes k(CH,* + CH,).= 1.1 x 1072 32
1.240.1 x 10"9 ICR, 50 Assumes k(CH4+ + CH,;) =1.1x 10_9 50
1.15+0.05 x 1077 7I, 14 Assumes k(CH," + CH,) = 1.1 x 107° 14
1.040.1 x 107° ICR, 51 51
208 9.-10. x 10710 MS, 52 53
1.3+0.1 x 10 ° MS, 54 54
310 8.6 x 10710 MS, 16 55
300 7.0 x 10710 MS, 22 22
8.2 x 10710 MS, 26 35
9.67 x 10 *° MS, 26 56
9.87+1.80 x'10730(xy. Least squares, all values
.t v cp, > Cy0* .1.08+0.03 x 1077 TI, 14 57
1.2 x 107° ICR, 58 59
7.6+9.5 x 10 ° ICR, 32 32
9.3 x 10710 MS, 13 13
6.1 x 10710 MS, 16 55
9.16+2.37 x 10710(%) Mean of all
CH3+ + CZHZ > CSH:,’4L 310 2.12 x 10'9 MS, 16 3.7 eV ion exit energy; assumes 1<(CH4+ + 60
CHy) = 1.2 x 107
310 1.54 x 1079 MS, 16 1.7 eV ion exit energy 60
cr:3+ * CyHg > 1.7+0.3 a 1079 M3, 26 35
cns* + CHyBr -+ CH3+, cp,*, cH,Br', CD,Br" 3.9+40.42 x 10°° ICR, 38 61
TR I 9.7 x 10710 MS, 16 0.21 eV ion exit emergy, 17
3 3 10
4.2 x 10 MS. 16 0.46 eV ion exit energy 17
4.0 x 10710 MS, 16 0.65 eV ion exit energy 17
o 8.6 x 10710 MS, 16 0.45 eV ion exit energy 17
cns* + CHC1 » CH3+, cp; ", cazsr“, Cp,Br” 2.62+0.22 x 1077 ICR, 38 61
CHg* + CHgF + CH,r* ' 1.02 x 10”9 ICR, o2 63
€b," + CH.F » CH.*, cp.*, cHFY, co F* 1.86+0.24 x 1077 1CR, 38 61
3 '3 3 3 2 2 a
CHy" + CH,F, » CH,F" 6.4 x 10710 ICR, 62 63
eng* o ocnryg o 7.6 x 10710 T Y] 63
"+ cyT -+ oHyt, ng”, c,Tt, C It 2.2+1.0 x 10730 ICR, 38 61
CHy* + CHyNH, 1.2 x 1079 MS, 26 64
cu,* + cH.oN o 1.63+0.05 x 10”7 T, 14 0.4 oV ion exit enargy
3 3 *
J. Phys. Chem. Ref. Data, Vol. 5, No. 4, 1976
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Table 1. Rate coefficients for reactions of hydrocarbon cations--Continued
Reaction T k Method Comments Ref.
CHy® + (CHg) NH 9 x 10710 Ms, 26 64
CHg® + C,HON » 300 2.2 x 10°° NS, 22 Pressure varied 22
300 2.9 x 1077 MS, 22 Time varied 22
D" + C,DgCN + 300 2.4 x 1077 MS, 22 Pressure varied 22
300 2.3 x 1070 MS, 22 Time varied 22
CHS" + (CHg) N » 300 6.3 x 10710 MS, 26 64
CH:‘)1 + CH30H > 373 1.40+0.2 x 10°° MS, 16 3.4 eV ion exit energy 16
CHy® + CHyCHO =+ 2.49+0.05 x 107°  TI, 14 Assumes k(CH," + CH,) = 1.2 x 107° 66
CHS+ + CDSCDO > 3.10+0.3 x 10_9 TI, 14 0.4 eV ion exit energy; assumes k(CH4+ + 65
ey = 1.z x 1070
CH_,,+ + ¢-CD,CD,0 ~ 1.68+0.13 x 107° TI, 14 0.4 eV ion exit energy; assumes k(CH; + 65
cH) = 1.2 x 1070
Ci-13+ + (:H.J,OCH3 + 2.0+0.3 x 10‘9 TI, 14 0.4 eV ion exit energy; assumes 1<(CH4+ + 66
cHy) = 1.2 x 107°
’CH; + CDL0CD; - 2.58+0.31 x 107° I, 14 0.4 eV ion exit energy; assumes ](((31-14+ + 65
cH) = 1.2 x 1077
CHy" + CHyCOCH; » CHyCO"(463), CH,COCH;® 473  2.0+0.1 x 107 ICR, 51 Remaining 34% of reaction products are 67
{10%), (CHyCOCH,)H" (10%) 2.4 x 10°° MS, 67 unspecified 67
CHy" + CHySH » : 520 3.6+0.54 x 1077 MS, 40 10V el 1
CH," + (CHg),S » C,HS" 520 2.0+0.3 x 107° MS, 40 10V em! 41
Cl-lsT + CH3SOCH3 - 408 4.8+0.5 x 107° MS, 11 0.71 eV ion exit energy 42
408 4.6+0.5 x 10°° Ms, 11 1.07 eV ion exit energy 4z
CHg" + COS » CHyS”(78%), CH,S' (1189, 300 6.45 x 10710 MS, 53 68
cHS* (11%9)
CHt v €S, » CHyS®, cHgcs' <10710 ICR, 69 69
T 295 5 x 10713 ICR, 32 36
i’ + D, » cHDY, cHp,” 83 1.7 x 10710 MS, 43 44
373 6.1+#0.1 x 107V MS, 16 70
et v H, - cp,H*, coH,” 295 5.1+0.5 x 10710 ICR, 32 36
CH;" + NHg > CHNH," 6.6 x 10710 ICR, 38 46
cH' + NHg > NH,"(208), CHNH,"(80%) 8.3+0.8 x 10710 ICR, 32 37
cx—ls+ + NHg > 2.0+0.5 x 107° ICR, 50 Assumes k(CHS+ + CHp) = 1.1 x 107° 50
CH* + NHg » NH,*, CH,NH," 1.3+0.2 x 1077 MS, 26 45
8.3+1.0 x 10_10(*) Correcting data of ref. 46 for NH4+
. production gives same value as ref. 37.
CHy" + H,0 » CH,oH" <1 x 10711 ICR, 32 k refers to specified channel only 37
CH," + D,0 + 4.2+0.9 x 10710 MS, 71 72
cH," + PHy > PCH," (63%) PCH,'(37%) 300 1.11+0.1 x 107° ICR, 73 73
CH '+ HyS » CH,SH' 5.0+0.3 x 10710 ICR, 32 37
cH,* + SiH, -+ sms*, SiCHS*, sich 343 2.39+0.73 x 1077 MS,B,28,29 2.1 eV exit emergy, 6.25 V enl 30
> Sing* 1.11+0.18 x 107°  ICR, 38 38
cHg” v NO + NOT 1.1:0.1 x 1077 B, 74 Assumes k(CH," + CH,) = 1.1 x 107° 75
cH® ¢ N0 - 340 5.3+0.1 x 10710 TI, 48 Electron energy = 20 eV 49
340 5.0+0.2 x 10710 TI, 48 Electron energy = 18 eV 49
310 4.3:0.2 x 10710 TI, 48 Electron energy = 16 oV 49
340 3.440.2 x 10_10 TI, 48 Electron energy = 15 eV 49
340 No reaction TI, 48 Electron energy = 14 eV 49
CH4+ + CHy » cns* 323 1.01#0.10 x 107° MS, 39 10 Ven! 39
1.0540.15 x 2070 TI, 47 K.E. less than 1 eV 47
300 1.14+0.03 x 1070 ICR, 32 33
1.22+0.02 x 107 TI, 48 49
1.10 x 1072 ICR, 50 37
296 11.8+0.8 x 10 *°  1ICR, 76 76
1.11+0.04 x 10°°  ICR, 32 32
1.22+40.02 x 10°°  TI, 48 48
455 1.0+0.04 x 10°° MS, 77 77
1.1+0.4 x 107° I, 78 78
373 1.0 x 107° ICR, 51 $8
1.05 x 107° MS, 79 73
1.240.1 x 1077 ICR, 80 80
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Table 1. . Rate cc;efficients for reactions of hvdrocarbon cations--Continued
Reaction T k Method Comments Ref.
CHA+ + CHy » CH' 1.23 x 10°° MS, 16 81
1.2+0.1 x 107° ICR, 51 51
300 1.140.1 x 1072 ICR, 73 73
1.39 x 10°° uS, 82 83
0.95(1.15) x 10'9 ICR, 84 Upward revision to 1.15 x 10'9 84
in ref. 10.
3.1 x 10710 ICR, 85 86
1.2¢0.1 x 107° MS, 54 54
298 1.0+0.1 x 107° MS, 53 53
520 1.12+0.04 x 102  Ms, 40 10V ent 40
1.25+0.02 x 10‘9 MS, 87 0.7-1.5 eV ions, k invariant 87
310 1.20 x 107° MS, 16 60
1.13 x 10°° MS, 88 89
373 1.22 x 107° MS, 16 16
300 1.25 x 107° MS. 22 ‘ 22
450 8.8 x 10710 MS, 88 9.1V emn™l, 0.9 eV exit energy 90
1.07 x 107° MS, 91 92
1.11 x 107° MS, 93 93
1.26 x 1077 MS, 93 94
1.03 x 107° MS, 26 35
450 1.07 x 107° MS, 95 0.86 V/en'! 96
1.16 x 107° Ms, 97 97
8.93 x 107190 MS, 26 56
1.13+0.08 x 10°° Mean of all values
1.15+0.04 x 107° Mean of all ICR values
1.11+0.04 x lD'9 Mean of all MS, TI values
1.1420.06 x 10°9¢%) Error is 95% confidence limit.
cp," + co, » e, 9.8+0.2 x 10710 TI, 14 57
1.1 x107° ICR, 58 59
8.0+0.7 x 10710 ICR, 32 37
7.9+0.3 x 10710 ICR. 32 32
7.3 x 10710 MS, 13 13
373 8.2 x 10710 MS, 16 16
4.65 x 10710 MS, 16 10.5 V cm™l, 3.7 eV exit energy 98
9.2+1.4 x 10—10(*) Mean of all, neglect value of ref. 98 )
CH,D,* + CH D, » CH.D,"(55%), CH,D,"(45%) 9.2 x 10710 ICR, 84 84
202 202 30z D3 10
373 8.5 x 10 MS, 16 16
CHyD' + CHgD + CHyD* (779), CH3D2+(23%) 3735 1.01 x 1077 MS, 16 16
o0 "+ cHDy » CHDSt(33%) ) CHD,T(678) 373 8.8 x 10710 uS. 16 16
o, ey ’ 5.4 x 10710 MS, 60 3.7 eV ion exit energy 60
1.7 x 10710 MS, 16 1.7 eV ion exit- energy 60
CH," + CyH, C,H, (30-40%), C,H,"(57-70%) 2.9 x 10°° MS, 79 Photoionization 79
CHA’ +CH, > CZHS?’ c2ﬂ4*, czns*, c3n7* 2.9 x 1077 MS, 79 Photoionization 79
CH,* 4+ CHyON » 3.9240.15 x 1077 TI, 14 0.4 eV ion exit emergy; assumes k(CH," + 65
CHy = 1.2 x 1077
CH4+ + CD3CDO > 3.68+0.46 x 10'9 TI, 14 0.4 eV ion exit energy 65
CH4+ + C-CDéCDZO -+ 2.29+0.27 x 1[)-9 TI, 14 0.4 eV ion’'exit energy 65
cH," + CcDj0CD, 2.24+0.32 x 10°°  TI, 14 0.4 eV ion exit energy 65
un4" + cnsuucnz > 4.08%0.45 x .lU‘Q 11, 14 0.4 ev ion ex1t energy 05
CH," + CHyCOCH,CH,CH; > CgH, 10" 3.5 x 10710 B, 74 £.3+0.3 eV ions 99
CD,* + CHSH » CigSHD', CH,SH', csiy’ 2.86+0.18 x 10°7 T, 14 0.4 eV ions 100
w,t o+ co - 7¢1 x 107" 11, 14 57 .
cp,* + co - cop® 5.22 x 1070 Ms, 98 10.5 V cn™}, 3.7 eV exit energy 98
ch," + Co, 340 8+1 x 10710 TI, 48 49
6 x 10710 TI, 14 57
c,* + €O, » Co,p° 4.86 x 10710 MS, 98 98
cH," + €3, + CS,H" 3.451.7 x 10710 ICR, 69 69
cH," + H, » CH' 295 4.1+0.2 x 1071 ICR, 32 36
cH," + D, » CHD* 9 x 10712 ICR, 85 86
-9 37
iyt + By - T5um, " (49%), L5y, * (519) 1.3520.16 x 10 ICR, 32 o ‘ ‘ .
YCD; . NH3 e 1.2 x 107 MS, 101 10.5 V cm ©, 3.7 eV ion exit energy o5
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Table 1. Rate coefficients for reactions of hydrocal;bon cations--Continued
Reaction T k- Method Comments Ref.
cH," v NHg > NHg, NH,* 2.2+0.7 x 107° MS, 26 45
+ + -
CD4 + NHS > CD4H 3+#0.7 x 10 11‘ ICR, 32 Rate constant refers to one channel only 37
e, + Hy0 > HO 2.440.5 x 107° ICR, 32 37
+ N :
e, o+ HO0 > 5.7 x 10710 MS, 16 101
+ -
cH,* + D0 » 1.6+0.5 x 107° MS, 71 72
cH Y s HoS H5§+(§<%), st"(M&) 121417 x 1079 ICR, 32 37
D, + HyS » CD,H" 9 x 10711 ICR, 32 37
1.5 x 10710 MS, 26 102
cH," + siH, > siH,’, siH ", sicw,”, sicH" 2.04+0.48 x 107°  Ms,B,28,29 30
CHA* + SiH, -+ su—ls*, SiCH4*, SiCH," 2.56+1.04 x 107° ICR, 38 _ 38
,” + N, » N, 511 x 10711 MS, 98 10.5 V em Y, 3.7 eV exit. 98
+ + - -
cH," + NO + NO 2.8 x 10710 B, 74 Assumes k(CH," + CH,) = 1.1 x 1077 75
cH," + N,0 + N,0H"(97%), NOH'(3%) 1.04 x 107° ICR, 103  Assumes k(CH,  + CH,) = 1.0 x 107° 103
+ -
CH® + BgHy » BgHy " 373 1.93 x 1070 MS, 43 104
cHS® + CFy » CFg" 323 2.3:0.3 x 10730 Ms, 39 15V en’t 39
CHg® + CH, » Products other than CH," <1072 MS, 26 105
+ : -
cHD" + CH, » CH" 83 2.7+0.2 x 107° MS, 43 44
‘ 83 3.7+1.0 x 107° MS, 43 44
cogt + e, o ot 300 3.3 x 10711 B, 7 0.340.3 oV ions 106
cHg" + CH, > 295 1.4+0.3 x 107° B, 107 Less than 0.1 eV ions 108
CH5+ + C2H4 > 1.5 x 10—9 B, 107 Less than 0.1 eV ions 108
c”s: +CyH, - C2H5++ 1079 Ms, 26 109
D" + C,Hy + C,H,D 1.51+0.08 x 1070 TI, 14 110
D"+ CyHg » 1.07+0.04 x 10°°  TI, 14 111
CH* + CHCHCH, » 2.0 x 107° B, 107 108
cHg* + c-CgHg » 1.7 x 107° B, 107 108
CH* + CHyCD,CHy 1.71#0.1 x 107 TI, 14 Assumes k(CH," + CH,) = 1.20 x 107° 112
CHZ* + CD GH,CD; 1.51#0.2 x 107° TI, 14 Assumes k(CH," + CH,) = 1.20 x 107° 112
CH5+ + CzDg + 1.5440.15 x 107° TI, 14 Assumes k(CH; + CHy) = 1.20 x 1079 112
D" + CgHg + 1.53+0.2 x 107° TL, 14 Assumes k(cH," + CH,) = 1.20 x 107° 112
CHg* + CHyC1 » CHyCIH" 300 2.60+0.39 x 107 ICR, 76 113
CH5+ + CyHCL ~ CZH5C1H+ 300 3.0240.45 x 1079 icr, 76 113
CHg" + CCI,CH, ~ 300 1.9740.29 x 1077 ICR, 76 114
€p;" + CCL,CH, ~ 300 1.69+0.25 x 10°° . ICR, 76 114
CHg" + tr-CHCICHC1 ~ 300  1.78+0.27 x 107°  ICR, 76 114
cpg* + tr-CHCICHCL ~ 300 1.54+0.23 x 10710 1cRr, 76 114
CHg" + cis-CHCICHCL » 500 2.00+0.31 x 10" ICR, 76 114
"+ cis-CHCICHCL + 300 1.80+0.27 x 1077  ICR, 76 114
CH® + CFCH, » 300 1.27+0.19 x 107° IR, 76 114
' + CFCH, » 300 1.14+0.17 x 0% 1cR, 76 114
CHg" + tr-CHECHF ~ 300 1.02+.15 x 10°° ICR, 76 114
p," + tr-CHECHF » 300 9.s+1.4 x 10710 Icw, 76 114
CHg® + cis-CHFCHF + 300 1.57¢0.23 x 1070 ICR, 76 114
cpg* + cis-CHFCHF ~ 300 1.35¢0.20 x 10°°  ICR, 76 114
CH* + n-CgH,C1 » CoH C1H 300 3.11+0.47 x 10°°  ICR, 76 114
CH” + CHyCHCICHy »+ CgH,C1H" 300 3.1040.47 x 1077 ICR, 76 114
CHg" + n-CyHyCl + C, HoC1H" 300 3.2040.48 x 10°°  ICR, 76 114
cH* + sec-C HgCl » CyHgCIH 300 3.14+0.47 x 10°°  ICR, 76 114
CH" + t-C,HgCl » €,HyCIH 300 3.28+0.49 x 1077 ICR, 76 114
CHg" + n-CgHy €1 » CoHy CIH' 300 3.29+0.49 x 1077 ICR, 76 113
cH* + t-CgHy C1 + CHyCH’ 300 3.2940.49 x 10°°  ICR, 76 113
CHg" + p-CgH,F, 300 1.91+0.29 x 1077 ICR, 76 114
co* + p-CeHyF, > 300 1.50+0.22 x 10°%  1CR, 76 114
CH* + m-CgH,F, » 300 °2.12:0.32 x 1077 ICR, 76 124
€D + m-CoH,Fy + 300 1.65+U.25 x 107°  ICR, 76 114
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Table 1. Rate coefficients for reactions of hydrocarbon cations--Continued

Reaction - T k Method Comments Ref
CHg" + 0-CHF, 300 2.3840.36 x 10°°  ICR, 76 - 114
D"« 0-CeHyF, : 300 1.9130.29 x 10°° IR, 76 114
CHg" + CHoNH, ~ 300 2.25 x 1077 ICR, 76 115
CH' + CHyON 4.90+0.24 x 1077 TI, 14 0.4 eV ions; assumes k(CH,* + CH,) - 65
1.2 x 1077
CHg™ + (CHg) NH + 500 z.15 x 107° ICR, 76 115
CHS+ + CDSCDO > 4.2040.35 x 10>9 TI, 14 0.4 eV ions; assumes k(CH4+ + CHA) = 65
1.2 x 107°
CHS* + C-CDZCDZO - 3.11+40.13 x 10-9 TI, 14 0.4 eV ions; assumes k(CH4+ + CHA) = 65
1.2 x 107°
CHg" + CD0CD; > 2.97+0.24 x 1077 TI, 14 0.4 eV ions; assumes k(CH," + CH,) = 65
' -9
' 1.2 x 10
CHS+ + CH:,lCOCH3 -+ 5.26+0.18 x 107 TI, 14 0.4 eV ions; assumes k(CH; + CH4) = 65
1z x 1070
CHg" + CgHCH,0COCH; » 2.9+0.3 x 107° MS, 16 116
CH® + o s.r40.2 x 10710 11, 14 57
it + co » Heo® 3206 5.54 x 10740 NS, 22 11.5 V em”? 117
cHt + O > 300 »1.0 x 10710 FA, 118 119
gt o ‘ 3.040.3 x 10710 TI, 14 57
CHg" + €O, » CO,H” 296  3.6+1.0 x 10°1% ICR, 62 76
300 3.2:0.2 x 10711 FA, 118 120
CHg® + NHg 300 2.3 x 107° DT, 20 121
300 2.33 x 1072 ICR, 76 115
CH5+ + Hy0 » 1078 MS, 26 45
cH" + SiH, » Sifty" 1.99+0.40 x 1070 MS,B,28,29 . 30
1.78+0.25 x 1070 ICR, 38 38
1.90+0.30 x 10'9(*] Error is 90% confidence limit
cH* o+ sing > . 9+3 x 1071} ICR, 38 122
CHg" + N,0 » NoH" 340 . 7.9¢1.0 x 1070 1, 48 49
et e N0 %00 >1.0 x 10710 FA, 118 119
Cz* + CZHZ > : ) 2.65+0.1 x 10_9 TI, 14 0.3-0.5 eV ions; assumes k(CH’;,* + CH4) = 14
: 1.2 x 107°
+ + -9
R 5 x 10 B, 34 34
c,” + CyH, » : 1.02 x 10°° MS, 26 56
’ 1.9 x 10-9 TI, 14 0.3-0.5 eV ions; assumes k(CH4+ + CH4) = 14
: 1.2 x 107°
C,t + Hy > O 295  1.12+0.11 x 1070 ICR, 32 36
CH" + CHy » 1.47+0.15 x 107 TI, 47 Less than 1 eV ions 47
CHY + CyH, » , 1.3+0.3 x 107° MS, 26 123
2.45+0.1 x 10'9 TI, 14 0.3-0.5 eV ions; assumes k(CH4+ + CH4) = 14
' 1.2 x 10°°
CH' + G, » CyHyY, c iy’ 2.4 x 1077 B, 34 0.3-0.5 &V ions; assumes k(CH," + CH,) = 32
' 1.2 x 107°
CH" + Coly = CoH" 5.8 x 10710 MS, 26 56
1.7140.1 x 1[)'9 TI, 14 0.3-0.5 eV .ions; assumes k(CHa‘ + CH4) = 14
1.2 x 107° :
CH' + CpHg > 2.9+0.6 x 107° MS, 26 35
G+ CaHg » 4.0%0.5 x 1079 M3, 26 35
C H" + CHCN - 300 . 3.64 x 107° Ms, 22 v 22
C,0" + CDGON » 300 4.8 x 1077 MS, 22 22
CHT v Hy - 295 7.8+0.5 x 1070 ICR, 32 36
. + + + + + -10 . . - 79
CoHy  + CH, - C3H6 N (331-l5 , C3H4 » CyHg 9.1 x 10~10 MS, 79 Photoionization
+ CgHg” 310 3.8 x 10 MS, 16 60
310 1.64 x 10710 MS, 16 55
4.6+0.7 x 10710 MS, 26 105
Gy, + gty - CyHyY, CH” 1.15+0.15 x 1072 TI, 47 <1 eV ions 47
: 1.52+0.10 x 10°°  ICR, 124 ‘ 124
+ ", o7, on,’ 1.38 x 107° MS, 79 11.4 eV photons 79
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Table 1. Rate coefficients for reactions of hydrocarbon cations--Continued

Reaction T k Method Comments Ref.
CH,  + CyH, 1.38 x 10779 MS, 79 13.4 eV photons 79

-+ + + + -9
ST A AR RS 1.25 x 10 MS, 79 16.2 eV photons 79
> CuHgt, cn,t, cpngt 1.94 x 1077 B, 34 34
: 1.41+0.7 x 107° T1, 14 0.3-0.5 eV ions; assumes k(CH,” + CH,) = 14

-9
. 1.2 x 10

+ + -9
- CyHg", CyH, 1.22 x 10 ICR, 84 84
9.0 x 10710 MS, 16 3.7 eV ion exit energy 60
7.9 x 10710 MS, 16 3.4 eV ion exit energy 125
3.3 x 10710 MS, 60 1.7 eV ion exit energy 60
> CgHg*, C,H,* 7.51 x 10710 MS, 55 55
: 8.5 x 10710 MS, 26 123

+ + + + -9
CoH," v CoHy » CoHs”, CHCY, CH, 1.35 x 10 MS, 79 11.4 eV photons 79
> Cglg", C4H5+ 1.30 x 107° MS, 79 13.4 eV photons 79

1.58+0.1 x 10'9 T, 14 0.3-0.5 eV ions; assumes k(CH4+ + CH4) =
: 1.2 x 1079
Ol 2.5 x 10710 MS, 126 . : 126
> CgHy", Gyt _ 4.1 x 10730 Ms, 26 56
czuz" + CoHe 323 5.82%0.6 x 10710 MS, 39 15 v em™? 39
1.3+0.2 x 10°° I, 14 111
2.140.4 x 107° MS, 26 35
CH,* + CHACL » CoH 1" 373 1.9 x 107° S, 16 ‘ 127
CH," + CoHF > CoHF(978), Cgh *(5%) 373 1.95 x 1070 MS, 16 128
CH," + CLHCON » 2.7 x 107° MS, 22 Pressure varied 22
2.2 x 107° MS, 22 Time varied 22
C2D2+ + CZDSCN > 2.5 x 1079 MS, 22 Pressure varied 22
2.9 x 1072 MS, 22 Time varied 22
CH," + CHyCOCH,CH,CHy > CcH, 0" 6.5 x 10710 B, 74 0.3+0.3 eV ions 99
CH,* + €05+ CpHyS” 300 4.7 x 10711 MS, 53 : 68
C2H2+ +H, > CZH; <2 x 10712 ICR, 124 k varies with vibrational energy of c2H2¥ 124
6.3+1.8 x 1071} ICR, 124 124
cH," + No + NO¥ 3x 107! B, 74 C,H," gemerated in C,H,, C3Hg 75
c,p," + No » NoO¥ 6 x 1011 B, 74 c,b,” generated in C,D, 75
c,H," + SiH, > si’, siH’, sin,*, $iH,", sicHy", 1.1140.34 x 10°°  Ms,B,28,29 129
S1C,H", SiCHy", SiC,H " v . ‘
1.79+0.71 x 107 MS,B,28,29 1.4 eV ions “130
CoHg" + CHy 9+1 x 1071 MS, 26 _ 108
CyHy* + CoH, » 7.1+0.8 x 10710 ICR, 124 v : 124
8.5 x 10711 T, 47 <1 eV ions Y
3.140.2 x 10720 71, 14 111
C it + Cylty > 8.4+0.5 x 10720 . 71, 14 0:3-0.5 eV ions; assumes k(CH,* + CH,) = 14
1.2x 107 '

-1N a
6.5 x 10 MS, 91 02
T I 3.8 x 10710 Ms, 126 126
' 3.82 x 10710 MS, 26 : : 56
CoH" + CH > CHg* 325 5.71¢0.6 x 1070 ms, 39 15V em ! 39
3.7+0.1 x 107! TI, 14 111
4.8+0.9 x 10710 MS, 26 35
Cyly" + Gyl > 6.7+¢1.6 x 10710 MS, 26 35
CyHy "+ i-CyHg » 1.59+0.06 x 10°°  Ms, 16 131
CZH; + c-CyHg ~ 520 1.44 x 107° MS, 40 10V en? 132
CH T+ neCyHjg > 8.5+1.0 x 10710 MS, 26 133
C "+ -Gy 1.14+0.13 x 107 mMs, 26 - 133
G, + Cgltg » Cgy* 3.55 x 10710 MS, 82 83
C2H3+ + C HgCN > 7°x 10710 Ms, 22 Pressure varied 22
1.6 x 107° ~Ms, 22 ‘Time varied 22
C2D3+ + C,DGCN » 1.2 x 107° MS, 22 Pressure varied 22
2.3 x 1077 MS, 22 Time varied 22
CHy' + CHCL » C,H,C17(218), Cyligt (798) 7.1 x 10710 MS, 16 - 127
CZHS+ + CyHgF - CZHAF+ 3.0+0.5 x 10710 MS, 16 Rate refers to one channel only 128
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Table 1. Rate coefficients for reactions of hydrocarbon cations--Continued

Reaction- T k Method Comments Ref.
€ M" ¢ CDL0CD; » (CDZ0CD )K" 4.0+0.5 x 1077 TI, 14 Rate refers to one channel only 110
CoHyt + CHySCH, » CoH,S" 500 2.3:0.35 x 107°  Ms. 40 10V en? a1
. + o -10
€ Hy" + €08 > CH S 1.8 x 10 MS, 53 68
+ + 12
CpHy" + Hy > CoH, <1 x 10 ICR, 124 124
C.H,' + SiH, - Sim,*(89%), si# *(11%) 2.8+0.9 x 10710 MS.B.28,29 129
23 4 2 5
+ ~-12
CZH4 + CHd > <3 x 10 MS, 26 105
CZH4+ + CZHA - 295 8.0+0.1 x 10'10 ICR, 124 k varies with internal energy 134
+ + + -9
c,H," ¢ €D, » CHD, Y, €D, 1.6+0.2 x 10 ICR, 76 135
CH, "+ CHy (c4u§*) 1.13 x 1077 ICR, 76 76
C,H, "+ CoHy » CoHo', CoHy™, CyHg" 1.24 x 1077 MS, 79 11.4 eV photons 79
+ -
» CgH®, CuH.Y, CH 8.8 x 10720 MS, 79 13.4 eV photons 79
CoHy "+ CHy 8.3+0.2 x 10710 TI, 14 111
C Mt e CHy C3H5+, 8", c3r14* 9.6+0.2 x 1070 MS, 136 10.6 eV photons 137
CH,  + Gy v CHY, CyH,T, CoH, T 8.5+0.2 x 10710 MS, 136 11.7 eV photons 137
CHy "+ CH, » CgHg v 3.7¢1.0 x_ 10710 TI, 78 : 78
ot ¢ Gyl > Cuig”, ", CoHt 7.3 x 10710 MS, 138 Error: "Within factor of 2.5", photo- 138
ionization
C,H, "+ CHy > 8.5+0.4 x 1071Y TI, 14 0.3-0.5 eV ions, assumes K(CH," + CH,) = 14
v 1.2 x 10°°
+ + -10
CoH, "+ Gy, + Cqlg 43015 x 10710 1er, 130 140
CyHy™ + CyHy 300 4.4 x 10710 ICR, 141 142
cu,t o+ O, > CoHY, CHY, i 8.3 x 10710 MS, 16 0.85 eV ion exit energy 143
, ,
24, 24 IS e 5.7 x 10710 MS, 16 3.5 eV ion exit energy 143
CH,* + CH, » »
2 a 1.0 x 107° MS, 52 144
8.3 x 10710 MS, 145 145
-10 : 1
Cz“f . CH, > csus“ 2.8 x 10 1o MS, 26 122
> 1, * * 4.1 x 107 MS, 126
CHy "+ CHy + Colg N
+ + + + -
CH, Y % CoHy > CLHCT, CuHeY, CyHy 6.3 x 10 MS, 26 56
»
CH," ¢ CyHg + Products other than CH," 189 2.5 x 10730 MS, 147 148
410 1 x 10712 MS, 147 148
5 x 10712 1, 14 111
> gt oL ot oyt 4.3 x 10711 TR, 149 Acsmmes k(C,Hg* + o) = 1 x 10710 149
Cy, v ey > CpDy 295 1.1 x 10710 MS, 136 Photoionization 150
+ -10
CHy' + CHg 3.5+41.2 x 10 MS, 26 35
C Y+ Cytly > 8.5+0.5 x 10710 TI, 14 112
CH," + Cgty 6.3+1.0 x 10710 ws, 26 “35
+ -10
€ HgD" + CHiCD,CH, > 7.9+0.5 x 10 TI, 14 112
€ H,D," "+ CHyCD,CHy » 8.5+41.0 x 10710 1, 14 12
C,H,D," + CDyCH,CD; » 8.9+0.3 x 10710 1, 14 112
- -10
C,H," ¢ CDCH,CD, > 8.4+0.2 x 10 I, 14 112
+ B -9
L o 2.05+0.12 x 10 MS, 16 131
CHy" * c-CyHg » 3.01 x 1077 Ms, 40 132
- ~9
CyH, "+ n=CyH o » 1.14%0.13 x 10 MS, 26 133
CH, Y+ CHCL » CH.CLY(51%), C,H,*(24%), 300 5.25 x 1070 ICR, 62 151
2Hy 2ts 23t 4ty
€ Hg' (16%), CH,C1" (99)
oMy "+ CygE 1.970.2 x 1079 ICR, 76 Toral rate 135
- + -10 + Yy oo
CoHy ' + CoHgF » CH F 5.3 x 10 ICR, 139 Assumes—lﬁ)czﬁ4 + CpHy + CiH.") 152
: 8 x 10
C " + CHCE, + 1.8 x 1077 ICR, 76 - Total rate 135
+ + -9 + L
C,H," + CH,CE, + CH,CF, 1.0 x 10 ICR, 139  Assumes 11<((J§2H4 « CHy » CiHT) = 152
8 x 10”7
CH," + cis-CHFCHF » : 1.8 x 107° ICR, 76 Total rate 135
CjH,* + cis-CHFCHF » CHFCHF" 5.2 x 10710 ICR, 139  Assumes k(C,Hg" + CpH, » CH.*) = 152
8 x 10710
CH," + CHFCE, » 2.2 x 107° ICR, 76 Total rate . 135
C,H," + CHECE, » 7.3 x 10710 ICR, 139  Assumes k(C,H,* + C,H, » C.H ") = 152
2Ma 2 Kt ATIRGRY L
8 x 10
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Table 1. Rate coefficients for reactions of hydrocarbon cations--Continued
Reaction T k Method Comments Ref.
C2H4+ + CZHSCN - 300 S x 10-10 MS, 22 Pressure varied 22
300 1.76 x 107° MS; 22 Time varied 22
CZD4+ + CZHSCN > 300 1.5 x 10"9 MS, 22 Pressure varied 22
300 2.0 x 107° MS, 22 Time varied 22
¢,H, " + D50CD; » CDL0CD," 2.68+0.25 x 10°°  TI, 14 110
-9
3.140.3 x 10
+ : + - .
C,H," + CHyCOCH,CH,CH; » CcH; 00 2.6 x 1079 B, 74 0.3+0.3 eV ions 99
C,H," + siH, » sin,*, C H. ", SiH,", SiC,H 1.41+0.44 x 10°%  Ms,B,28,29 129
M g > SiHly, CyHlg . SiHy 2 +
SiCyHg", SiC,Hg _ _ .
C,H," + NO > No¥ 3.6+0.4 x 10710 B, 74 10.3+0.3 eV ions; assume K(CH,” + CH,) = 75
_ 1.1 x 107°
CoH, "+ CyF, » 1.4 x 107° ICR, 76 135
: 3.5+0.5 x 10 1° ICR, 139 Assumes k(C,H," + C,H, + CsH.") = 152
-102 4 .
8 x 10
CHg" + CHy » <0712 MS, 26 105
CH  + CHy » CoH,* 86 1 x 10714 S, 53 153
+ -10
CHs" v CHy + 1.040.1 x 10 TI, 14 111
CH" » Gy - 2.9+0.5 x 10710 TI, 14 CHy" formed from (CH;" + CH,) 110
3.2+0.2 x 10710 TI, 14 Assumes k(CH," + cH,) = 1.2 x 107° 14
C,b." + C,H, + C,H,D' 6.2+0.9 x 107 ° TI, 14 110
s+ Cally » CollgD z 10
C,HDY + CH, » C,H, 5.6+0.4 x 10 TI, 14 110
CoH* + CH, » C.H,Y, CiH 323 1.6+0.2 x 10710 MS, 39 15 V cm™1 39
Ms ale > C3Hy 5 CyHg 0.2 x 1 :
189 2.5 x 10 MS, 147 148
400 5 x 10711 MS, 147 148
CCHT + CyHe » CyHg 300 4 x 10711 ICR, 149 Assumes k(C,H* + C,H.) = 1 x 10710 149
o™ + CyHe + 300 1 x 10710 MS, 136 Photoionization 150
+ -10
05"+ CyHe » 2.840.1 x 10 I, 14 . 111
CH" + CoHy » 300 6.3+0.1 x 1071%(*) ICR, 154  Collisionally deactivated 154
300 5.6+0.6 x 10710 1, 14 : 112
300 6.240.5 x 10'10(*) TI, 14 Methane added; collisionally deactivated 112
300  5.4+0.5 x 10710 TI, 14 CHy" generated in excess CH, 112
6.2+1.3 x 10710 MS, 26 35
Y -10
C,Hg" + CHyCD,CHy + 300 6.4+0.3 x 10 TI, 14 112
CZHS* + CSDB -+ 300 5.3+0.6 x 10‘10 TI, 14 CZH; generated in excess CH4 112-
C,HsD," + CHCD,CHy + 300 5.0+0.5 x 10710 TI, 14 112
300 5.8+0.7 x 10-.10(") TI, 14 Methané added; collisionally deactivated 112
C,DgH," + CDZCH,CDy + 300  8.4+0.2 x 10710 TI, 14 112
300 5.6+0.5 x 107 10(%) TI, 14 Mcthane added 112
C,D H" + CD4CH,CD; » 300 4.7+¢0.5 x 10710 TI, 14 112
€D+ CoHg > 300 6.3+0.5 x 10710(%) TI, 14 C,Ds" generated in excess CD, 112
Cg" + CyDg 300 4.7+0.5 x 10°20¢x) 71, 14 Methane added 112
. . -9
C,Hg' + i-CyHg » 1.20£0.08 x 10 MS, 16 131
CH* + n-CyHyy ~ 500  8.4+0.2 x 1071°  1cR, 154 154
7.5¢0.9 x 10710 w5, 26 133
6 x 10710 MS. 26 155
CH' + i-CH , » 1.01+0.13 x 16°7  Ms, 26 133
2Hs atlyo 200
6 x 10 MS, 26 155
+ ) -9
C,He" + n-CgHy, + 300 1.09+0.01 x 10 ICR, 154 154
+ : L+ : -9
CHg" + n-CgHy, > CeHyy 300 1.31+0.03 x 10 ICR, 154 154
+ + -9
CHg" + C,DCD(CD5)C,Dg > CeD) 5 300 2.2 x 10 R, 150 150
+ -9 .
A TR 300 1.72+0.02 x 10 ICR, 154 154
CZHS+ + CZHSI > CZHSIH+ 300 1.0+0.2 x 10-9 MS, 136 Photoionization 156
N -9
C,Hg" + CHyNH, » 300 1.87 x 10 ICR, 76 115
C2H5+ + CH3CN - 3.46+0.12 x 10'9 TI, 14 0.4 eV ion exit energy 65
* -9
CyHg ™ + (CHg),NH + 1.88 x 10 ICR, 76 115
CoHg" + CD,CDO » 3.37+0.42 x 10°°  TI, 14 0.4 eV ion exit energy 65
CoHg" + c-CD,CD,0 1.98+0.14 x 1077 TI, 14 0.4 eV ion exit energy 65
CZHS+ + CD30CD3 > 2.14+0.19 x 10-9 TI, 14 0.4 eV ion exit energy 65
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Table 1. Rate coefficients for reactions of hydrocarbon cations--Continued
Reaction T -k Method Comments Ref
C,Hg" + CDOCDy + (CDLOCDL)H" 1.87+0.30 x 10'2 TI, 14 C,H;" from propane 110
2.35+0.25 x 10° TI, 14 C,H" from H' transfer to C,H, 110
C,Hg* + CHyCOCH; » 1.99+0.18 x 107 TI, 14 C,H" from H' tramsfer to C,H, 65
C2H5+ + CHySOCH; ~ 408  4.340.4 x 1072 MS, 11 0.71 eV ion exit energy 42
- 408 4.1+0.4 x 10_9 MS, 11 1.07 eV ion exit energy 42
CRITAI 2.00 x 1079 ICR, 76 115
CZHSI +D,0 > 4.0:0.ng 10"10 MS, 71 72
C,Hg  + H0 > 6 x 107 MS, 26 45
CoHg" + Coy > 1.4%0.1 x 107° TI, 14 111
CZH(;r + C2H6 + 189 2 x 10710 MS, 147 Branching ratios depend on pressure, 149
energy, temperature
400 S x 10-“ MS, 147 Branching ratios depend on pressure, 148
cnergy, temperature
+ + + -
CZHG + CZH6 -+ CSHS . C4H9+, C3H9+, CZHS N 1.01 x 1le10 ICR, 149 Branching ratios depend on pressure, 149
. 4
. C3H7 energy, temperature
CZH6 + CZH6 - 1.85+0.05 x 10710 Branching ratios depend on pressure,
energy, temperature
0.7-1.8 x 10710 MS, 26 Branching ratios depend on pressure, 35
energy, temperature
+ - N .
C 06"+ CyDg 295 1 x 10710 MS, 136 Photoionization 157
CZHG‘ + CH:,;COCHZCHZCHs + csﬂmo‘ 1.7 x 10 ° B, 74 0.3+0.3 eV ions 99
CZH6 + HZO - HSO+ 295 1.2 x 10-9 MS, 136 Photoionization 158
CpHg™ + D0 = 1.2#0.4 x 1077 Ms, 71 Excess K.E. ions 23
C,H, " v CHy > CyH Y k=8.3 x 1078 exp(-10.5 kcal/RT) MS, §3 153
CH' + CHy > 1.6+0.6 x 10°° s, 26 35
+ + -
CyH," + CH,CCH, » C,Hy 310 5.48 x 10710 MS, 16 C4H," from CH,CCCH, 55
c3H2" + CgHg + 1.140.2 x ‘1079 MS, 16 CSHZ‘ £rom-CyHy 35
CgH," + NO > NO¥ 6.0+0.6 x 10711 B, 74 Assumes k{CH," + CH,) = 1.1 x 107° 75
CHy" + i-CyHg > 4s2 x 1071 MS, 16 CyHy" from i-C My, 131
+ -9
C3H4 o+ CZH4 + 2.5 x 10 TI, 14 14
C H,* + HCCCHy + 1.55 x 107° MS, 16 CgH," from HCCCH, 125
CyHy " + HOCCHg + CqHg' 310 2.0 x 10710 MS, 16 CyH," from HCCCH 55
+ + -10 * <
D, + DCCCD + C.D, 310 4.73 x 10 MS, 16 €40, from DCCCDg 55
cH, "+ HyCCCH, + 5.9 x 10710 MS, 16 C4H," from H,CCCH, 125
+ + -10 +
C4H," + HyCCCH, » CcH, 310 3.73 x 10 MS, 16 CH," from H,CCCH, 55
. -10 +
Cqlly "+ CqHy » 1.240.2 x 10 MS, 26 CqH," from CoHg 35
CH, " i-CyHg > 1.80:0.10 x 107 ms, 16 CyH," from i-C,Hy 131
Cy,t + NO > No* 1.8 x 10710 B, 74 CyH,* gemerated in both Cgy, c-CgHg 75
’ 2.8 x 10710 B, 74 CgH," generated in CHCHCH, 75
+ -10 +
CHg" + c-CgHe » 3.0+0.3 x 10 TI, 14 CgH " from.c-Cqlg 159
c}(-{; + 2C2I14 + CSH504+ 373 8.4 x 10—25 MS, 16 0.64 eV ion exit energy; CSH; from 160
c—CzHSBr
-25 . . +
373 4.6 x 10 MS, 16 0.96 eV ion exit energy; C3H5 from 160
c-CSHSBr
-25 ; ; +
373 2.35 x 10 MS, 16 1.60 eV ion exit energy; CSHS from 160
C'C3H53T
c.H + 20D, » CHD,Y 373 14.1 x 10725 MS, 16 0.64 oV ion exit energy; C.H.' from 160
sfs 2’4 5504 : » 10 : 3 Csfig
CH, CHCH, Br
-25 . . +
373 7.1 x 10 MS, 16 0.96 eV ion exit energy; C3H5 from 160
CH, CHCH, BT
373 3.4 x 10725 MS, 16 1.60 eV ion exit energy; CqHy from 160
CH,CHCH,, Br
+ + -25 : 5 R *
) CSHS + 2C2D4 > C5H5D4 373 6.2 x 10 MS, 16 0.64 eV ion exit energy; C3H5 from 160
CH,CBrCHy .
373 2.45 x 10725 MS, 16 0.96 eV ion exit energy; CgHg' from 160
CH,CBTCH,
.
373 0.93 x 107 2° NS, 16 1.60 eV ion exit emergy; CsHg' from 160
CH,CBrCH,
- +
Cyig + 26,0, » CoHoD," 373 3.6 x 10725 MS, 16 0.64 eV ion exit energy; CyHg' from 160
- i CHBTCHCH,
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Table 1. Rate coefficients for reactions of hydrocarbon cations--Continued
Reaction T k Method Comments Ref.
Cyig* + 26,0, + CgHeD, " 373 2.1 x 10725 MS, 16 0.96 eV ion exit energy; CyH* from 160
) CHBTCHCH, -
373 0.10 x 10725 MS, 16 1.60 eV ion exit emergy; CgH,® from 160
CHBTCHCH,
+ -10 +
CgHg™ + CgHg = 1.8+0.5 x 10 MS, 26 CqHg ™ from CiHg 35
+ -9 +
C3HS + C"CAHS > 1.13 x 10 MS, 40 C:,’H5 from c-C4H8 132
+ . . -10 + .
CiHg" + 1-C4Hg » 1.05+0.08 x 10 MS, 16 CyH" from i-C,Hy 131
+ -
CiHg" + m-CyHy ) > 5.0+0.6 x 10710 MS, 26 C H.* from n-CyH,, 133
B + - -10 + .
CgHy ™ + 1-CyHy, 5.8+0.4 x 10 MS, 26 C;Hy  from i-C,H,, 133
o . + -10 +
C4Hg" + CDZOCDL » CDLOCD, 5.3+0.3 x 10 1, 14 CyH* from CyHy 110
e + -11 +
CaHg" + CyHg » Cylg 300 3 x 10 ICR, 149 CgH.* from C4H, 149
+ + + + + ~10 .
Cig” + CHg > Cl, ", CuH,", C g, Colig 8.0:0.5 x 1077 MS, 16 159
300 8.4+0.4 x 10 MS, 136 10.0 eV photoionization 132
, 300 6.8+0.3 x 107" MS, 136 11.7 eV photoionization 137
CyHg" + Cgitg ~ Cgiy ", Ty ", ", cong”, 7.89 x 10710 MS, 138 Error: "Within factor of 2.§" 138
C.H
62 »
1.02 x 10 Ms, 161 o 161
. . + + + + -10 +
CHg, * Cllg = Cghy ", Gyl ", CyHy*, Coitg” 756 x 0710 MS, 95 CHg" from CH, 162
C3D6 + C3D6 - C3D7 : C4D7 N C4D8 N CSDQ , 300 7.8+0.4 x 10 MS, 136 10.0 eV photoionization 137
c.p
612 10
" 300 6.1+0.3 x 10 MS, 136 11.7 eV photoionization 137
€Dt v €D » €D, 6,0, €,D,*, bt 8.1+0.2 x 10 10 1, 14 A s k(CH,* + CH,) = 1.2 x 107° 14
3% 376 7 ¥377 0 M4Y7 0 M4l 0 Tslg et X e ’ ssume "4 4 :
_ 6.28 x 10 MS, 95 €yD" from C D, 162
g+ €Dy ~ CoDe*, cgp,t 3.35 x 10711 MS, 95 cglig® from cyiig 161
CH.* + n-C,H , » 4.9+0.5 x 10710 MS, 136 C.H.* from n-C H 163
3te aflyo h 1o sfe, afiyo
5.1+1.1 x 10 MS, 26 CiHg" from n-C,H o 133
CyHg" + CDZCD,CHLCH, » C D H," 4.09 x 10710 MS. 95 CgHg" from CH, 162
Cyg' + CD3CH,CH,CDy » C,DoH, " 4.04 x 10710 MS, 95 C3Hg " from CyH, 162
+ + + le + .
Cyg" + n=CyDyg » C,Dg* (904), C,Dg* (10%) 3.2 x 10 MS, 95 Cyg" from CyH, 162
C4D" + m-CyDy » C,Dg" (100%) 295 4.4+0.5 x 10730 MS, 136 CyD,* from C D, 136
+ + + -10 ~ +
CgDg" + n=CyHyg » CHiy " (88%), C,Hy* (128) 4.45 x 10 MS, 95 C4Dg" from C;D 162
+ s -10 * 5
CHgt ¢ 1CyH g > 295 4.9:0.5 x 10”1 MS, 136 CgH" from i-CjHy g 163
6.7+¢1.0 x 10 MS, 26 CyHg" from i-C,H o 133
C3H6: * i-CiHy + C,H  (318), € H,"(69%) 3.97 x 10710 MS, 95 CoHg" from € H 162
C.H" + i-C,D,, ~ C,D.%, ¢,D," 295  4.6+0.5 x 10710 MS, 136 C.H.* from C.H 136
stg, aP1o > CoDg - C4Dg . 0.5 x 1 3, 3tg
C.H* + i-C,D » C,D *(338), C,D,*(67%) 4.3 x 10 MS, 95 C.H.* from C.H 162
st aP10 > CoDg 4Py, 10 3, stlg
CqDg’ + i-CqHyg > CH " (438), CHg'(S78) 295 4.240.4 x 10 MS, 136 C3Dg" from C3Dg 136
+ . + - +
€D + 1-CyHy o+ CHg ' (315), C,H,'(69%) 4.56 x 10710 MS, 95 ;D" from €D, 162
+ + + - +
CgDg" + c-CgHyy + CoHg*(97%), CoHy' (3%) 300 9.1+0.9x 10710 MS, 136 C3De" from C D, 136
+
CHg + n-CgHyy 300 7.9+40.8 x 10710 MS, 136 CyHg" from n-CgH,, 163
+ + + -10 +
CgDg" + neCelyy > Cgyp"(969), Cghyy"(49) 300 8.200.8 x 10 MS, 136 CyDg" from C D 136
CHg" + i-CeHy, » 300 7.6+0.8 x 10717 MS, 136 CiHg' from i-CcH), 163
+ . + M + wn~10 - +
C3Dg” * i-CgHy, » CeHy o (618), CoHy *(398) 300 7.9+0.8 x 10 MS, 136 CyDg" from C4D¢ 136
C3D6+ + CH;0H » CH,OHD" 300 1.0+0.4 x 10°° MS, 136 €;Ds* from C,D¢ 164
+ + : -9 +
CiHg" + CDLOCD, > (CDL0CD;)H 1.33+0.05 x 10 TI, 14 CyHg" from C H, 110
+ + -10 +
CyDg" + NHg > NH.D 300 9.4+0.4 x 10 MS, 136 CyDg" from CD¢ 164
CoHg* + NO + NO” 3.85:0.4 x 10720 B, 74 Assumes k(CH," + CH,) = 1.1 x 107"
CSDG* + NO > NO” 4.0+0.4 x 1071Y B, 74 Assumes k(CH4*'+ ,CH4) =1.1x 10’9
c—(,‘.3H6+ + c—(ISH6 > 300 2.2%0.2 x 10‘10 MS, 136 10.0 eV photoionization of C'CSHG 137
300 2.2+0.2 x 10710 MS, 136 11.7 &V photoionization of c-CyHg 137
300 1.5+0.5 x 10710 TI, 14 c-CqHe" from c-CHe 159
1.14+0.24 x 1077 Ms, 138 c-CqHg" from c-Cqii 138
1.1 x 10710 Ms, 95 c-CyH" from c-C H 162
+ . + p + . -10 . + -
c-CgHg" * n-CyDy o > €D, " (683), C, D, (328) >1.87 x 10 . MS, 95 c-CyHg" from c-CyHg 162
+ . + : - +
c-Caie® + i-CDy g+ €,y (297%) 1.46 x 10 Ms, 95 c-CqH " from c-CyHg 162
c-CgDg* + NHg > NHD, CD,H,N", CD,NH " 205 9.410.4 x 10720 Ms, 136 10.6 eV photoionization of c-CyDg 164
* NHgD", CDH,N®, coNH" 295 9.3:0.3 x 10710 11.6-11.8 eV photoionization of c-CgDg 164
eu . 10 R B R /s
c-CgHg™ + NO > NO 3.0 x 10 B, 74 c C3H6 from ¢ C3H6 /
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Table 1. Rate coefficients for reactions of hydrocarbon cations--Continued
Reaction T k Method Comments Ref.
sec-CoDcH," + CDLCH,CDy -+ 341 x 10711 T1, 14 C5DH,* from CDCH.CD, 112
300 1.2+40.1 x 10_10 ICR, 154 sec-CstHZ4 collisionally deactivated 154
sec-CgH," + i-C,Hy » 5.8:0.2 x 1071 MS, 16 sec-CyH,"™ from i-C,Hy 13
4.6 x 10'10 MS, 40 calculated from cross section (ref. 131} 165
sec—CSH7+ + n-C4H10 > C4H9+ 300 5.6+0.2 x 10‘10(*) ICR, 154 sec'C3H7+, collisionally deactivated 154
300 4.4 x 10710 MS, 136 sec-CgH," from n-C,H, o 163
450 4.0 x 10710 MS, 26 sec-CyH," from n-C,H;, 166
450 3.9+0.3 x 10710 MS, 26 sec-C,H," from n-C,H, 133
sec-CyH, " + 1-C,Hp o + C,Hy" 300 4.2+0.2 x 107*%(%) ICR, 154  sec-C;H,® collisionally deactivated 154
300 3.3 x 10710 MS, 136 sec-CoH," from i-CyH, 163
450 4.0 x 10710 MS, 26 sec-CyH," from i-CoH, 166
450 4.040.3 x 10"10 MS, 26 sec-C3H7‘ from i-C4H10 133
sec-CH," + n-CcHy, » CcHy " 300 8.3:0.3 x 10°1%  IcR, 154 sec-C.H,* collisionally deactivated 154
300 5.2 x10°%° MS, 136 sec-CgH," from n-CgH,, 163
+ . + -10 + .
seCoCSH.] + 1-C5H12 - CSHU 300 4.7 x 10 MS, 136 sec-C3H7 from 1-C5H12 163
gt + -10 . ) + s N
SQC'C3”7 + neo~C5HlZ - CSHII 300 2.6+0.2 x 10 ICR, 154 sec L3H7 collisionally deactivated 154
sec-CSH.; + n-C6H14 - C6H13¢ 300 1.10+0.02 x 107" ICR, 154 scc—C3H7+ collisionally deactivated 154
Sec-C3H7" + n-CgHyg CEH”+ 300  1.48+0.05 x 1070 ICR, 154 sec—CKH; collisionally deactivated 154
sec-Cq," + (CHy) ,CHCH(CHy) CHCHZ), + CgHyJ 1.4520.12 x 107°  ICR, 154 sec-C4H," collisionally deactivated 154
+ B -G + .
sec-C:,’H.] + CH:SNH2 > 300 2.25 x 10 ICR, 154 sec~C3H7 from n~C4H10 115
sec-CgH, "+ (CHg) N » 300 1.64 x 1077 ICR, 154 sec-C4H," from n-C4H; 115
sec-CgH," + CD;0CD; » (CDZ0CDL)H’ 1.24+0.15 x 10°° 711, 14 sec-CgH," from CgHy 110
sec-CyH,™ + NHy - 300 1.95 x 107 ICR, 154 . sec-CgH," from n-C,H;, 115
sec—C3H7+ + D0 3.740.8 x 10710 MS, 71 Reactant ions translationally excited 72
CyHg" + 2C5H, + (C4Hy)," 300 3.6+1.0 x 10720 NS, 136 Photoionization 167
- ~ - .y +
CyHg™ + n-CaHyp > ChHpg 300 1.1740.10 x 10 ICR, 154  CgHg" from CyHg i68
s + -9 +
CHg" + i-CuHy o > CHp 300 1.2940.10 x 10 ICR, 154 CgHg" from CjH, 16%
+ + -9 +
CyHg™ + CDLOCDy + (CDOCDL)H 1.85+0.08 x 10 TI, 14 CgHy" from C;H, 110
CyHg™ « B0 » HyO 300 1.4 x 10°7° MS, 136 Photoionization. 158
C.Hg™ + D0 - 1.3+0.3 x 107° MS, 71 C.H," translationally excited 72
38 2 2 3fg
CiHg" + NO - NO¥ 3.9 x 10710 B, 74 Assumes k(CH,® + CH,) = 1.1 x 1079 75
rpgt + N0 o 3.8 v 10710 R, 74 Assumes k(CH," + CH;) = 1.1 x 107° 75
+ + -10 + +
CqHy" *+ C,He » C,Hy 300 1.0 x 10 ICR, 149 CgHy" from C,H" + CyH, 149
+ . ~10 + +
Cyfty, + CpHty > . 1x 10 . TI, 14 CqHy, £rom CH, "+ CyHy 14
CH," + CoH, > CH, 295 2.3+0.3 x 10 TI, 47 CiH," from C,H, + C,H, 47
CjHy' o+ CoH, o 7.0 x 10710 T1, 47 C,H,* from fragment ion reactions in C,H, 14
+ + ~-10 +
T, + ol > CypHy 4.73 x 10 MS, 82 CyH,* from CoHg 83
+ + -11 + +
CuHg" v CHy » ol 295 3.6 x 10 TI, 47 C4Hy" from CH," 4+ CyH, 47
<:4H3+ + CyH, 2.6 x 10710 TT, 14 CyHy" from fragment ion reactions in C,H, 14
+ : -10 + :
Cyiiy" ¢ i-CyHy - 9.3+40.6 x 10 MS, 16 CyHy" from i-C,Hg 131
CaHis™ % Cglg » €y oHy" 1.93 x 10710 Ms, 82 C4Hy" from CoH 83
CoHy" + i-CyHg = 6.7+0.4 x 10710 MS, 16 C,H, " from i-C H, 131
Coy" + CoHg » CoHy* 5.62 x 10711 MS, 82 CH," from CH, 83
C,H, "+ CH, » C.H* 440 5 x 10°° MS, 26 C,H," from CH 169
4" 66 ~ “66 1 ’ “4Hy 676
+ . - + .
CyHg  + i-CyHg » 1.2+0.2 x 10 MS, 16 C4Hg™ from i-C,Hg 131
Cytg" + 1-CHy 7.5¢0.4 x 10710 ms, 16 CyHg" £rom i-C Hg 131
+ -10 . +
CyH, "+ 1-CpHy -+ 450 6 x 10 MS, 26 C4H,* from 1-C Hg 166
. + -10 + ~
CqH, "+ 2-C4Hy 450 3 x 10 MS, 26 CyHt;" £rom 2-C Hy 166
C it + i-C H, o+ 3.7+0.2 x 10710 MS, 16 ¢,H,* from i-C,H 131
4Hy 4Hg ha 10 a7, 48
3.6+0.2 x 10 B, 74 CH," from i-C,Hg 165
a + 12 N '
Culig™ + CH, > CgHy, 2 x 10 MS, 52 C,Hy' from C,H,' + C,H, 144
C4H8+ + n-C,H, o + Products other than C4H8+ <1 x 10712 MS, 26 CAHB" from n-C,H,; 0 133
_— + -10 + . 33
C4H3 + i C4H10 + Products other t’han C4H8 2.1#0.3 x 10 MS, 26 CAHB from i (34H10 1
* - . 11 * - 163
C4H8 +n CSHLZ 4 x 10 MS, 136 C4H8 from n CSH]VZ

J. Phys. Chem. Ref. Data, Vol. 5, No. 4, 1976



1138 L. W. SIECK AND S. G. LIAS

Table 1. Rate coefficients for reactions of hydrocarbon cations--Continued

Reaction T . k Method Comments Ref.
C,H.* + i-C.H,, » <5 x 10711 MS, 136 C,H," from i-C.H 3
478 M52 x , 4By from i-CcH,, 16
CyHg" + c-Cey, » 7 x 10711 MS, 136 CyHlg” from c-CeHy, + c-CyHy 170
+ + -9 + _ + .
CyHg" + NO » NO 1x 10 MS, 136 CHg" from c-CeH ¢+ c-C Hy 170
1-CyHg" + 1-CyHy 300 6.0+0.5 x 10710 MS, 136 Photoionization 171
1-CyHg" + NO » NO 1.9 x 10710 B, 74 Assumes k(CH," + CH,) = 1.1 x 107° 75
2-CyHg" + cis-2-CyHy » 3.7+41 x 10711 MS, 136 ~  Photoionization 171
2-CHg" ¢ c-Chy g - _ 300 <4 x 10712 MS, 136 Photoionization of 2-C,Hg 136
Z-CAHS‘ + c~C5H9CH3 -+ CGHIO‘UOO%) 300 3.9 x 10-10 MS, 136 Photoionization of 2-C4H8 136
2.—(34H8+ + c»CSHQCH3 > 300 5 x 10‘10 MS, 136 Photoionization of 2~C4H8 170
2-CyHg "+ N0+ NO' Lox ot B, 74 2-C,Hy" from trans-2-C,Hg 75
2-C,Hgt + KO > NOT 1.3 x 10711 B, 74 2-C,Hg* from cis-2-C,Hg 75
i-CyHy" + 1-CHg > _ 5.2+0.4 x 10710 MS, 16 i-CyHg" from i-C Mg , 131
300 5.4 +0.4 x 1010 M3, 136 Photoionization of i-C,Hy 171
i-CyDy" + i-CDy > 300 5.4+0.4 x 1071 MS, 136 Photoionization of i-C,Dy 171
1-Cyg" + e-CeHgEHy » CeHy ", Cony g 500 7.9+0.5 x 10710 MS, 136 Phutvivnization of i-C,llg © 136
i-C,Hg" + NO - NO* 2.3 x 10711 B, 74 Assumes k(CH,* + cH,) = 1.1 x 107° 75
c-CoHCHy" + c-CyHCHy » 300 6.0+1 x 10711 MS, 136 Photoionization 171
c~L4n8‘ + C-CgHgCHy + 500 6.3+0.7 x 107" MS, 136 c-c4ns“ Trom ¢-Cytlg 170
c-CyHg" + (CHg) ,CHCH,CH,CHy 300" 3.6+0.4 x 10710 MS, 136 c-C,Hg" from c-C,Hy 170
c-CyHg " + (CHg) N » (CHg) N 300 3.240.4 x 1077 MS, 136 c-C,Hy" from c-C,Hg 170
c-CyHg" + NO - NO 300 1.07+0.1 x 107° MS, 136 c-C,Hg" from c-C,Hy 170
+ LAt -25 +
c-CyHg" + NO + c-CyHg » C,HNO 300 2.540.8 x 10 MS, 136 c-CyHy" from c-C,Hg 170
g™+ CHg > 450 3.2 x 10710 MS, 26 C4Hy" from n-C,H o 166
cAHQ* + 1-C4Hg > 450 5.7 x 10710 MS, 26 c4H9* from n-C,H, 166
CyHg' + i-CyHg - 450 5 x 107 MS, 26 CyHy" from n-CyH o 166
CqHy' + n-CyH g » 450 <7 x 10713 MS, 26 C Hy" from n-CyHy g 133
(;4}-19" + 1-CeHyg » as0 7.0 x 10710 MS, 26 C4H9* from n-C,H; g 166
sec-CyHg" + n-CgHy, = CgHyy” 300 3.7+0.4 x 10710 MS, 136 € Hy" from n-CeHy, _ 163
sec-CyHy" + i-CeHy, + Colyy” 300 3.8+0.4 x 10730 MS, 136 C Hg" from i-CoHy, 163
sec-CyHy" + c-CeHy, > CeHyy” 300 1.0 x 10°° R, 172 Radiolysis 172
sec-C4H9+ + n~C6H14 - C6H13+ . 300 7 x 10'10 R, 172 Radiolysis 172
N - + . .
t-C Hy' + CHg > 450 1.4 x 10710 MS, 26 C4Hy™ from i-CyH;g v 166
~10 ' .
t-C Hy" + 1-Colg » 450 2.7 x 10 MS, 26 Cyig' from i-CyHyq 166
t-C Hg" + tro2-CyHy - 450 4 x 1079 MS, 26 CyHg" from i-CyHp o - 166
t-Cgg' + 1-CyHg > CyHy," 450 7 x 1070 MS, 26 € Hy" from i-CyH o 166
t-c4ug* + i-CyH ) > 450 <1 x 10743 MS, 26 C4Hg" from i-C,H o 133
t-CeHy" + (CHg) ,CHC Hg » t-CoHy,” . 190 s.21 x 1071t MS, 147 t-C,Hy" collisionally deactivated 147
262 2.75 x 1074 MS, 147 t-C,H," collisionally deactivated 147
320 1.1 x 10711 MS, 147 f-f‘.qH; collisionally deactivated 173
328 1.56 x 10711 MS, 147 t-C,H,* collisionally deactivated 147
1 afg,
358 1.27 x 107 MS, 147 t-C,H collisionally deactivated 147
- atty,
385 8.5 x 10~ MS, 147 t-C,K collisionally deactivated 147
-12 49, : .
388 7.8 x 10 MS, 147 t-CyHg collisionally deactivated 147
389 7.3 x 10712 MS, 147 t-CHy" collisionally deactivated 147
470 3.6 x 10-12 MS, 147 t-C,H, " collisionally deactivated 147
12 g,
520 4.0 x 107 MS, 147 t-C,H, collisionally deactivated 147
) ) g
570 2.3 x 10_1 MS, 147 t-C,H collisionally deactivated 147
12 ’ 4 %
640 1.7 x 107 MS, 147 t-CyHy collisionally deactivated 173
t-CyHy" + c-CeHgCHy > 300 2.3 x 10711 R, 174 Assumes k(t-C,Hg" + 2-methylheptane) 174
= 5.3x 101!
300 2.7 x 1()'11 R, 175 Assumes k(t-CAHQ" + 2-methylheptane) 175
= 5.3 x 10711 A
t-C4Hg" + n-CeHyy ~ Cﬁﬂl; 300 3 x 10713 R. 174 Assumes k(tﬂ64H9+ IIZ—methylheptane) 174
= 5.3 x 10~
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RATE COEFFICIENTS FOR ION-MOLECULE REACTIONS 1139
Table 1. Rate coefficients for reactions of hydrocarbon cations--Continued
Reaction T k Method Comments Ref.
+ -10 +
t-CyHy" + t-C HgOH 300 8.9 x 10 ICR, 62 t-C,Hg" from t-C,H OH 178
t-CyHy" + CgH CH,OCOCH + 300-400 1.1 x 107° MS, 116 k independent of T(300-400 K) 116
t-C41'19+ + NH3 - 300 1.16 x 1077 ICR, 76 t—C4H9+ from neopentane 115
: 300 9.1 x 10710 ICR, 76 t‘CAHQ* from neopentane 176
300 9.7 x 10710 ICR, 76 t-C,Hy" from n-C,HC1 176
-9 . .
300 1.40 x 10 ICR, 76 t-C4Hg" from (i-CyHg™ + i-C,Hp) 176
. + + -10 +
CDLCD,CD,CH* + c-CyHg + C4Hg 300 7.0+0.2 x 10 ICR, 154  CD4CD,CD,CH;™ from n-CD4CD,CD,CH, 168
+ + -10 .
€D4CD,CD,CH," + c-CeHiy + CeHyy 300 5.8+1.0 x 10 ICR, 154  CD4CD,CD,CH," from n-CD,CD,CD,CH, 168
. ) . -10 *
CD4CD,CD,CH, " + n-CeHy, » CoHy, 300 7.1:0.5 x 10 ICR, 154  CD4CD,CD,CH;" from n-CD,CD,CD,CH, 168
> + . + -10 + _
CD,CD,CD,CH, ™ + n-C¢Hy, » CeHy, 300 9.4+0.8 x 10 ICR, 154 CD4CD,CD,CHy" from n-CDyCD,CD,Cil; 168
+ i + -10 +
€D4CD,CD,CH," + n-CoHy o » C,H ¢ 300 10.5+0.7 x 10 ICR, 154  CD4CD,CD,CH;" from n-CD,CD,CD,CHy 168
+ + -10 +
CD4CD,CD,CH," + n-CgHyg ~ CgHyg 300 13.5#0.5 x 10 TCR, 154 CD5CN,CN,CHy " from n-CN CN,CN,CH, 168
+ . + -10 N +
CD4CD,CD,CH," + n-CgHy o » CgHyy 300 13.140.5 x 10 ICR, 154 . CD4CD,CD,CH;* from n-CD,CD,CD,CH, 168
n-C,H, " + 20,0 » H'(H,0) 300 4+1 x 10725 MS, 136 n-C,H, . * from n-C,H, 158
4o, 2 ) pt 10 aflyo 410
n—C4H10 + ;HZO > 300 3.9 x 10 MS, 179 Pressure of H,0 varied 179
300 4.1 x 107%Y MS, 179 Temperature varied 179
""C4H10+ + DZO -~ 1‘6:0.5 X 10-9 MS, 71 Ions translationally excited 72
n-CyHy "+ NO » NO¥ 3.6 x 10710 B, 74 Assumes k(CH,* + CH,) = 1.1 x 1077 75
im0t o a0 -t (ny0), 300 1.2v0.2z x 10725 MS, 150 1-c 0" from 1-C4Hp, 158
1-C4H "+ HO < 300 3.0 x 10710 MS, 179 Pressure of H,0 varied 179
300 4.4 x 10710 MS, 179 Time varied : 179
* - . + -11 +
CeHy™ + c-CgHg » Cp H, 5.83 x 10 Ms, 82 CgHy™ from CoHg 83
+ - . o+ . -10 + _
CoHy ™+ c-CeHy g > CpqH)y 300 2.5:0.3 x 10 MS, 136 CeH, " from c-CgH 180
+ + + -10 +
CHg™ + c-CgHg > CH . (55%), € oH F(458) 300 6.0 x 10 MS, 136 CeHy ™ from c-CgHy 181
c-CeHy ot + HO > 300 9.5 x 10711 MS, 179 Pressure varied 179
300 5.0 x 10711 MS, 179 Time varied 179
+ + -
c-CgHyy" + 2H,0 + H'(H,0) 295 5+1 x 10726 MS, 136 c-CgHg" from c-CgHy 158
t-CHy T+ iCyH ) 190 0.3 x 10713 MS, 147 t-CH;, " from isopentane 147
262 1.8 x 10733 MS, 147 t-C(H, ;" from isopentane 147
328 3.8 x 10713 MS, 147 t-CgH; " from isopentane 147
358 4.4 x 10713 MS, 147 vt—C5H11+ from isopentane 147
385 4.6 x 10713 MS, 147 t-CgHy,* from isopentane 147
388 4.1 x 10713 MS, 147 t-CH; " from isopentane 147
389 3.9 x 10>13 MS, 147 t-CSHll+ from isopentane 147
470 3.9 x 10713 MS, 147 t-CHy )" from isopentane 147
520 6.1 x 10713 MS, 147 t-C )" from isopentane 147
s70 5.0 x to°1? MS, 147 t-CSH11+ from 1sopentane 147
+ + . -10 : + -
t-CeHyy "+ CHoNH, + CHNHg 300 9.11.4 x 10 ICR, 46 CgHy, " from n-CgH),C1 176
+ + 4 n=~10 + R
t-Cefly, "+ NHg + NH, 300 6.5¢1.0 x 10 ICR, 46 Ceyy " from n-CeH C1 176
. + . + p -9 . E
n-Ughy, ™ + Cabe > Uely o 500 1.5%0.2 x 10 MS, 136 136
n-CgHy," + 20,0 > H'(1,0), 300 4.6+0.5 x 10728 Ms, 136 158
n-CSle* *+ D,0 » 2.0+0.6 x 10'9 MS, 71 Tons translationally heated 72
i—CSHIZ* + CSHG - C5H10+(50%), C5H9+(50%) 300 1.9+0.2 :(410-g MS, 136 i-CSH12+ from isopentane 136
N + + + -10 . + N
1—C5H12 + c—C3H6 - CSH10 (10%), CSHQ-(QO%) 300 6.0+2 x 10 MS, 136 1-C5Hlz from isopentane 136
. + -26 . + .
1—C5H12 + ZHZO > H+(HZO)z 300 1.5 x 10 MS, 136 1—(351-11Z from isopentane 158
* + + -10 + i
CeHy" + CgHg > Cppiyg’» Mg 141 x 207 MS, 82 CgHy " £rom c-Ceig 83
> C12H10 1.27 x 10 MS, 82 C6H4 from C'C6H6 182
+ + + -10 +
Cel, "+ CgHg » CpoHiots CpoHg 295  5.5+1.6 x 1077 MS, 183 CHq from Cgilg, 30 eV electrons 183
. 295 4.5+1.3 x 10" MS, 183 CeH," from CgHg, SO eV electrons 183
+ + + + -10 + :
CeHg ™+ CgHg > Cyotyy ™, Cpplg™, CpgHy 1.97 x 10—10 MS, 82 CgHlg’ from CgHo 83
3.66 x 10 MS, 82 CgHg ™ from CcHg 182
+ T+ + + -10 + :
C()H5 + C6H6 > Clell ) C12H9 5 C10H9 ,295 5.03+1.5 x 10»10 MS, 183 CGHS’ from C6H6’ 20 eV electrons 183
295 5.07#1.5 x 10 MS, 183 C6H5 from CGHG’ 30 eV electrons 183
295 7.09+2.0 x 10710 ms, 183 CeHg” from CeHe, 50 eV electrons 183
et ecH, »C 0Lt 205 7+2 x 10712 MS, 183 C.H.* from C.H., 20 eV electrons 183
66 6tle > C12t12 ht 11 6e, 66
295  1.250.4 x 10 MS, 183 CeHg™ from CcHe, 30 eV electrons 183
205  1.3+0.4 x 10711 MS, 183 CeHe™ from CeHe, 50 eV electrons 183
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Table 1. Rate coefficients for reactions of hydrocarbon cations--Continued

Reaction T k Method Comments Ref.
t-CyHy" + (CHg) ,CHCH,CH,CHy » CcH, " 300 1.7 x 10711 R, 174 Assumes k(t—C4H9+'+ 2-methylheptane) 174
v = 5.3 x 10
300 1.5 = 10“” R, 175 Assumes k(t-C4“9+ t Z-methylhcptanc) 175
= 5.3 x 107
t-CyHg" + CH(CH(CHLIC Mg > Ch ;" 300 1.1 x 10711 R, 174 Assumes k(t-C,Hg" + Z-methylheptane) 174
=53 x 107
€-C,Hg" + (CHy) ,CHCH(CH,), > 300 2.3 x 10711 R, 174 Assumes K(t-C,Hg" +, z-methylheptane) 174
= 5.3 x 10
300 2.1 x 10712 R, 175 Assumes k(t'C4H9+ + 2-methylheptane) 175
: = 5.3 x 107
t-CyHy" + (CHg) CHCH,CH,CH CH CH, > CH " 300 2.8 x 1071 R, 174 Assumes k(t-C,Hy" ;12—methy1heptane) 174
= 5.3 x 107 :
+ -
t-C4Hy" + CH CH,CH(CH;)CH,CH,CH, » CoH " 300 1.95 x 1071} R, 174 Assumes k(t-cdﬁq*_«;l 2-methylheptane) 174
= 5.3 x 10
+ > . -
t-CyHy" + (CHg) ,CHCH,CH(CH;) , » CHy " 300 8.9 x 10717 R, 174 Assumes k(t-C,Hy" + Z-methylheptane) 174
CHy) = 5.3 x 10°
t-CaHg* (CoHg)sCH + GoH, o 500 1.1 x 10701 R, 174 Assumes k(-G Hg" 4 z-methylheptane) 174
= 5.3 x 10°
+ -
t-CyHy" + (CHg) ,CHC(CHy) 5 + CoH, " 300 1.4 x 10712 R, 174 Assumes k(t-C,Hy* + 2-methylheptane) 174
= 5.3 x 107
+ _ B . -9
t-CyHg" + CH, = C(CHy)CH,C(CH); + 450 1:3 x 10 MS, 26 CqHg" Erom n-C H, o 166
+ -
t-CyHy" + (CHy),CHCH,CH,CH;CH,CHy » CoHp, " 300 5.330.3 x 1071 ICR, 154 t-C,Hy" from neopentane 154
£-CyHo " + CH{CH,CH(CH,)CH,CH,CH,CH, > C4Hy," 3.9+0.5 ;fdo’” ICR, 154 . 154
300 3.6 x 10 R, 174 Assumes k(tvC4H9 + 2-methylheptane) 174
= 5.3 x .10
t-C4Hy" + (CHg) ,CHCH(CHg)CH,CH,CHy » CoHy," 300 5.5+0.6 x 10721 1cR, 154 t-C;Hy* from neopentane 154
200 4.6 x 10'11 R, 174 Aszumes k(t (:4119* + 2-methylhoptanc) 174
< 5.3 x 1071
t-CyHy" + (CHy),CHCH,CH(CH;)CH,CH, » Cgy ;" 300 1.9+0.3 x 1071} ICR, 154  t-C,H," from neopentane 154
300 1.4 x 10711 R, 174 Assumes k(t-C4Hg“P + 2-methylheptane) 174
< 5.3 x 10711
t-CyHy" + (CH3),CHCH,CH,CH(CHy), » CgHy," 300 1.0+0.1 x 10711 ICR, 154  t-C,Hy" from neopentane 154
300 4.7 x 10711 R, 174 Assumes k(t-C,Hy* + Z-methylheptane) 174
=s5.3x 10711
. + -11 + 2- P
t-C4H9 + Cl-lECl-lZCI-I(CHS)CH(CHS)CHZCH3 - C8H17 2.6 x 10 R, 174 Assumes k(t~C4H9 _;1 2-methylheptane) 174
=5.3x 10
t-C, Hy" + (CHy),CCH,CH(CH.), + C.Hyo" 300 2.5 x 10712 R, 174 Assumes k(t-C,H," + Z-methylheptane) 174
aHy 3)30CH, 302 > Cghyy LI
= 5.3 x 10
t-C4Hg" + (CHg),CHCH(CH;)CH(CHy), » CgH,," 300 1.3:0.2 x 10711 ICR, 154  t-G,Hy" from neopentane 154
300 1.1 x 10711 R, 174 Assumes k(t-C,Hy* + 2-methylheptane) 174
= 5.3 x 10711
t-C4H9+ + CHSNHZ > 300 1.31+0.20 x 10_9 ICR, 76 t-C4H9+ from neopentane 176
300 1.20+0.18 x 107>  ICR, 76 t-CyHg" £rom n-C HgCl 176
300 1.43+0.21 x 1077 ICR, 76 t-CyHg' from i-CyHy' + i-C,Hg 176
300 1.3*0.1 x 10_9 M5, 1306 'C~C4Hg+ from nevpentlane 177
300 1.31 x 107° ICR, 76 t-C,Hy" from neopentane 115
1.30+0.15 x 10'9(*) t—C4H9* from neopentane
t-C,ng* + (CH3)2NH > 300 1.2+40.05 x 10‘9 MS, 136 t—CAHq‘ from neopentane 177
300 1.09 x 10”7 ICR, 76 t—C4H9+ from neopentane 115
£-CyH" + (CHy) N » 300 1.240.1 x 107° MS, 136 t-C,Hy" from neopentane 177
t—CAHg* + (CZHSJZNH > 300 1.18+.18,1.23+.18 ICR, 76 t—C4H9+ from neopentane 176
: x 107° ,
300 1.38+0.21 x 10°°  ICR, 76 t-CyHg" from (i-cAHB* + i-CyHg) 176
+ + -9 3
£-Cyg" + (CyHg) N > (CHg) (N 320 1.6.x 1070 MS, 147 173
640 1.6 x 10 MS, 147 173
t-CyHg" + 2CH(OH » H' (CH O0H), 300 3.6+1.5 x 10728 MS, 136 t-CHy" from neopentane 177
t-CyHy" + CHyCHO » C, HgCH CHO" 300 4.2¢0.5 x 1074 MS, 136 t-C,Hy" from neopentane 177
t-C,Hy" + CH;COCH, » H'(CH,COCH,) 300 1.1:0.1 x 107 . Ms, 136 t-C,H," from neopentane 177
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Table 1. Rate coefficients for reactions of hydrocarbon cations--Continued

Reaction T k Method Comments Ref,
+ + -12 +
Cgg. + Cgllg ~ Cyoly, . 440 7 x 10 o MS, 26 CeHg, from CeHg 169
CeHg™ + CgDg » CgDg 300 4.8 x 10 B, 74 CeHg' from CeHe - 184
Ceg' + 2CeHg » (CeHe)," 300 1.240.25 x 10°2°  ICR, 76 CeHg" from CeHe 185
CHg" + 2CgHg + (CeHg) ;" 295 1.9+0.3 x 10725 MS, 136 CeHe™ from CcHe 186
C.H.* + C.H. + He » (C.H),' 300 0.4+0.2 x 10726 ICR, 76 c.H,* from C_H 185
616 “6'6 662, . a 26 66, 66
+ Ne » (CeHe), 300 0,0+0.6 x 10 ICR, 76 CeHg' from CcHg © 185
+ Ar » Lcsﬁéjz‘ 500 0.7tu.5 x 10778 ICR, 76 66"6* from CgHe 185
+Kr o (CeHg) ;" 300 1.1+0.3 x 10728 ICR, 76 ceuﬁ+ from CcH¢ 185
+ Xe + (CgHg)," 300 1.6+0.6 x 10726 ICR, 76 Celg" from CcHg 185
CeDg™ *+ 2CgDg + (CgDg)" 295 5.26+1.5 x 1072°  Ms, 136 k varies with T 186
+ -11 + ;
c-CgHy" + c-Celyg 300 3 x 10 MS, 136 c-CeHy" from c-CeHy, 180
+ + + -10 +
c-CgHyp* + c-CeHyg + € H, 0" (853), CgHy 300 4.8 x 10 MS, 136 c-CHyo" from c-CgHy o 180
C5H7CH3+ + l-methylcyclopentene + C6H8+’ 300 5.2+0.6 x 10’10 MS, 136 C5H7CH3+ from 1-methylcyclopentene 181
. + ‘
Loty
CgH,CH;" + 3-methylcyclopentene + CcHg™, -~ 300 4.6#0.5 x 10710 MS, 136 CGH,CH;" from 3-methylcyclopentene 181
. +
CoHg ,
c5H7CH3" + 4-methylcyclopentene - CGHB", 300 5.240.6 x 10710 Ms, 136 C5H7CH3+ from 4-methylcyclopentene 181
+ .
CeHy
-C.H,,* + NO » C.H,,NO" 300 1 x 10710 MS, 136 c-CH " from c-C.H 187
€ tet11 6711 ’ 6711 612
+ . -10 +-
c-CHyy CZD? -+ 300 8.4+2.0 x 10 MS, 136 c~Cﬁ}\12 from c-C6H12 136
+ + + -9 +
c-CeHy, "+ CoHy > CHI T (67%), CoHpp"(33%) 300 1#0.2 x 10 MS, 136 c-Cgly,” from c-CeH,, 136
+ + -13 +
c-C6H12 + CZH4 - C8H16 8 x 10 MS, 52 c—C6H12 from (:-C6H12 144
c-Cgy, * Callg > Collyg” 1.3 x 10‘;" MS, 138 Error: "Within a factor of 2.5" 138
+ + + - +
c-Celly," + CgPg + CeHy T (108), €y " (903) 300 2.7 x 10 MS, 136 c-Celly," from c-CoHy, 136
+ + o + -9 +
c—C6H1Z + c~C3H6 > (36H11 (85%), C6H10 (15%) 1.2 x 10 MS, 136 t:—CE'Hl2 from c-Cf’H12 136
+ + -9 +
c~C6H12 + 1'C4H3 > CGHIO (>95%) 300 2.1 x 10 MS, 136 C—CGHIZ from c-CﬁH12 136
+ + - -10 - A -
c-Caltyy. + c-Cyllg > Cyitg” 300 7.7'x 10 o MS, 136 c~Cely, from c-CgH,, 170
c-CeHy, " *+ o-CyHy > C,Hy 300 6.130.7 x 10 ICR, 154  c-CeHy,” from c-CeHy, 168
+ + -10 +
C—C6H1Z + C-CGDIZ > Clez 300 1.5 x 10 ICR, 154 c»C6H12 from c«Cﬁﬂl2 168
+ + -10 + .
c-Celly, " + (CHg) ;CC He > CgHy, 300 2.3#0.2 x 10 ICR, 154  c-CgHy," from c-CeHy, 168
+ + -27 +
c-CHy, " + 2H,0 » H(H,0), 300 35+1 x 10 MS, 136 c-CeHy," from c-CGH,, 158
+ + -10 . +
c-Ceby,” + ©-CeHy, > Sy, 300 3.8+0.3 x 10 ICR, 154 ¢-CD," from c-CeDy, 168
+ . . . + -10 - R + _ .
c-CeDypm * c-UghgCHy » Cely 500 Z.4%U.5 x 10 ICK, 154 c-LUgly, from c-CeDy, 168
* * -10 +
€-CgDy, " * C HCH(CHZ)C H + Cellyg 300 3.3+0.3 x 10 ICR, 154  c-CgDy," from c-CeDy, 168
+ + -10 +
c-Cgdy," + (CHg)CC,Hg > CeHyy 300 4.0+0.3 x 10 ICR, 154  c-CgDy," from c-CDy, 168
+ + -10 +
c-CgDy,  *+ (CHg) ,CHCH{CHL), » Cliy, 300 6.5+0.5 x 10 ICR, 154  c-CgDy," from c-CeD;, 168
+ + -9 +
c-CgDy,  + ©-CeHy CHy ~ CoHy, 300 1.37+0.07 x 10 ICR, 154  c-CgDy," from c-Cby, 168
+ + -10 +
c-CeDy, "+ n-CoHy o+ CoHly g 300 1.1+0.3 x 10 ICR, 154  c-CgDy," from c-CcD;, 168
+ + -10 +
c-CqDy," * m-Calyg > oty * 300 4.6+0.4 x 10 ICR, 154  c-CgDy," from c-CeDy, 168
+ + -9 +
€-CeDy,  *+ m-CgHlyg > Colyo 300 1.04+0.10 x 10 ICR, 154  c-CgD;," from c-CgDy, 168
c-CHoCHy " + 1-CyHg + CeHyy ¥, Celyo” 300 1.240.2 x 107° MS, 136 c-C4HgCH;" from methylcyclopentane 136
N a 11 "
c-CSI~‘IgCH3 + <:-C6D12 -+ C6D12 300 5.9 x 10 ) ICR, 154 c—CSHgCH3 from methylcyclopentane 168
C-CeHgCHy " + n-CoH o+ CoHy " 300 7 x 10712 ICR, 154  ¢-CGHyCH,* from methylcyclopentane 168
+ + -11 +
n-Cghy,* + n-CeDy, + Ceby, 300 4.4 x 10 ICR, 154  n-CgH," from n-CgHy, 168
n-CGH”+ + HZO > 300 5.6 x 1(1~11 MS, 179 Pressure of HZO varied . 179
300 1.5 x 10711 MS, 179 Time varied 179
n-Cgly, "+ 2H,0 > H(H,0), 300 3.6+0.8 x 10726 MS, 136 158
n-CeHy " + 0,0 » 2.5+0.8 x 1077 Ms, 71 Tons translationally heated 72
+ + -10 +
1'L~C6D14 + c—Cél'{12 - C6H12 300 7.9+#0.4 x 10 ICR, 154 n—C6D14 from n-C6D14 168
+ + -10 +
n-CeDy, " + c-CeHgCHy » CoHy, 300 4.5:0.1 x 10 ICR, 134  1-CgDy," from n-C¢Dy, 168
+ + -11 +
n-CeDy, " + n-Celiy, + CeHy, 300 8.4+2 x 10 ICR, 154  n-CgDy," from n-c(D, 168
+ + -10 + . .
n-CeDy," + CoHCH(CHZ)C He + Celly, 300 4.6+0.4 x 10 ICR, 154  n-CgD;,” from n-CgDy, 168
+ * -10 + ’
n-CgDy," + (CHg)4CCoHg » CgHyy . 300 4.3+0.5 x 10 ICR, 154  n-CgD;,” from n-ccp,, 168
+ : + -10 +
n-CﬁD14 + (CHS)ZCHCH(CHS)Z - C6H14 300 6.1+0.5 x 10 ICR, 154 n—C6D14 from n-[36D14 . 168
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Table 1. Rate coefficients for reactions of hydrocarbon cations--Continued
Reaction T k Method Comments Ref.
€.D,," + c-C.H, . CH, » C,H ,* 300 9.8+0.8 x 10740 ICR, 154 -c,.p,,* £ c.p 168
n-Celyg c-tet11~"s3 7714 -820.8 x » n-bghyg from n-Cebyy
+ - -10 + 2
n_C6D14 + n—C7H16 - C7H16 300 2.7+0.4 x 10 ICR, 154 n-C6D14 from n-CE,D14 168
n-Cgd;," + m-octame » CgHo* 300 5.3+0.5 x 10710 ICR, 154  n-C¢D;," from n-hexane-d;, 168
n—CﬁDM+ + n-nonane -+ CQHZO* 300 6.8+1.1 x 10-10 ICR, 154 n-C()D”+ from n-hexane—d14 168
(CH)CCH. ™ + c-C.D,, » C.D, " 300 9 x 10712 ICR, 154  (CH,)-CC,H.* ffom 2,2-dimethylbutane 168
3)3CCoHs 6P12 ~ C6P12 3)3CCoHs
+ -25
C-CgHCH; + 2(c-CgH CH) + (CEH(CH,), 295 1.88+0.54 x 10 MS, 136 c-C¢HCH; from toluene 186
c-CgHy1CH;™ + n-nomane + CgH,o* 300 7 x 10711 ICR, 154 c-CgHy;CHy  from methylcyclohexane 168
. ; -10 +
n‘C7Hl6 + <:~C6H12 > C6H12 300 5.3+40.3 x 10 ICR, 154 n~C7H16 from n-heptane 168
n—C7H16+ + methylcyclopentane + C6H12+ 300 1.2+0.2 x 10‘10 ICR, 154 n-C.,H16+ from n-heptane 168
n-C7H16* + 3-methylpentane -+ C6H14+ 300 1.8+40.5 x 10'10 ICR, 154 "‘C7H16+ from n-heptane 168
n-C,Hy " + 2,2-dimethylbutane + CgHy," 300 1.7+0.2 x 10710 ICR, 154  n-C;H; " from n-heptane 168
n-C,H; " + 2,3-dimethylbutane » CgH,, 300 3.3+0.2 x 1071 ICR, 154  n-C;H;* from n-heptane 168
n-C,H,.* + methylcyclohexane » C.H,," 300 9.2+0.5 x 10710 ICR, 154  n-C,H,,* from n-heptane 168
716 7te hé 7M16
_ * _ + -10 oy * ) )
n C7H16 + n-octane -+ CBHIB 300 2.440.4 x 10 ICR, 154 n (‘7H16 from n-heptane 168
n-C.,H,.* + 2,2,4-trimethylpentane + CoH. ,* 300 8.8+1.0 x 107!V ICR, 154  n-C,H, " from n-heptane " 168
716 sM1s ha 716
+ + - +
0-(CHy),CeH, " + 2(0-xylene) » €, Hyo 295 3.4+¢1.0 x 10725 MS, 136 0-(CH3) ,CeH," from o-xylene 186
N ) + -25 N + . .
m—(CH3)2C6H4 + 2(m-xylene) -+ CIGHZO 295 3.4+1.0 x 10 - MS, 136 m (CHS)ZCGHA from m-xylene 186
pr(CH3)ZC6H4+ + 2(p-xylene) ~ CjcH,0* 295 1.4+0.4 x 107%° MS, 136 p-(CHg) ,CeH, " from p-xylene 186
1'1-(:8}-118+ + Z,Z,d»trimerthylpentane - C8H18+ 300 3.4+0.3 x 10_10 ICR, 154 n—CgHw+ from n-octane 168
n'C8H18+ + n-nonane -+ C9H20+ 300 1.3#0.2 x 1()_10 ICR, 154 n-CsHM+ from n-octane 168
. -25 + .
1,3,5—[CH3)3C6H3+ + 2(mesitylene) » C18H24+ 295 6.73+2.0 x 10 MS, 136 1,3,5-(01-!_.5):,>C614{3 from mesitylene 186
11-(291-120+ + methylcyclohexane » (371-114+ 300 6 x 10—10 ICR, 154 _r1-C9H20+ from n-nonane 168
Table 2. Rate coefficients for reactions of hydrocarbon anions
Reaction T k Method Comments Ref.
C,H™ + allene CoHy~ 300 <1 x 10712 FA, 20 C,H™ from C,H, 188
A . -11 -
C,H + CHTHy + CGH CH, 300 ~5 x 10 FA, 20 C,H from C,H, 188
- - - -11 -
C,H™ + CHyOH + CHyO 300 ~5 x 10 FA, 20 C,H™ from C,H, 188
- - .10 -
C,H + €,H.OH » C,H0 300 ~1 x 10 FA, 20 C,H™ from C,H, 188
CH + i-CgHy0H » i-CgH,0 300 ~5 x 10710 FA, 20 C,H from C,H, 188
- .11 . .
CH + £-CyHgOH > £-C,Hg0 300 25 x 10 FA, 20 €, trom C,H, 188
C,H + CHgCL + C1° 300 1.240.24 x 1070 FA, 118 C,H from CyH, 189
- - -10 -
C,H + CHyCL, + CHCL, 300 22 x 10 FA, 118 C,H from C,H, 189
C,H + CHgF + F 300 <3 x 10 *° FA, 118 C,H from C,H, 189
C,H™ + CHyCN + CH,CN” 300 21 x 10710 FA, 20 C,H from C,H, 188
} . -11 -
C,H™ + CHSOCH; + CH;SOCH, 300 21 x 10 FA, 20 C,H from C,H, 188
. B 15 B
C,H™ + H,0 + C,H, + OH 300 9.3+3.7 x 107} FA, 118 C,H  from C,H, 95
- - -12 -
CgH ™ + CeHECHy + CoHLCH, 300 <5 x 10 FA, 20 C4Hy from allene 188
CgHy™ + CHClg » CClg 300 22 x 16710 FA, 20 C4H;” from allene 188
CyHy™ + CHyCN = CH,ON” 300 25 x 10 11 FA, 20 C4Hy from allene 188
CyH, ™ + CHyOH » CH 0™ 300 > x 10711 FA, 20 CgHy ™ from allene 188
C;H.  + C.H.CH, + C.H.CH,~ 7.5+0.7 x 107} ICR; 180  C.H. from propylene 190
3Hs eHsCis » Cgligth,y 211 sty
300 1x 10 FA, 20 CsHg from propylene 191
CSHS' + CHLOH =+ CHJO' 2.540.3 x 10710 ICR, 190 CSHS- from propylene 190
300 25 x 10 11 FA, 20 CyHy ™ from propylene 188
CgHg™ + CHCly » CClg” 300 <z x 10° 11 FA, 20 Origin of C.Hy™ uncertain 188
CeHg + CHgNO, > CHNO,” 300 < x 10711 FA, 20 Origin of CH ™ uncertain 188
CeHg ™ + CH, » CHy” 300 . <5 x 10712 FA, 20 CeHg~ from benzene 188
CeHg™ + CoHCHy » CCHCH,” 300 5 x 10711 FA, 20 CgHg~ from benzene 188
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Table 2. Rate coefficients for reactions of hydrocarbon anions--Continued

Reaction T k Method Comments . Ref.
C6H5- + isopropylbenzene - CGHSC(CHS)Z_ 300 ~1 x 10711 FA, 20 CGHS_ from benzene 188
CgHg™ + Hy + H° 300 <5 x 10712 FA, 20 CgHy™ from benzene 188
CGHS- + H,0 - OH~ 300 >5 x 10711 FA, 20 cIGHS‘ from benzene 191
CgHlg™ + NHy » NH,~ 300 <5 x 10712 FA, 20 Cgs” from benzene 188
CelisCHy ™ + CyHy » CyH” 300 ~§ x 10712 FA, 20 C4HsCH,™ from toluene 188
CgHeCH,  + allene - CSHS' 300 ~6 x 10712 FA, 20 CgHCH,  from toluene 188
CeHgCH, ™ + CqHg ~ 300 < x 10712 FA, 20 CgHsCH,™ £rom toluene 191
CeHgCH, ™ + isopropylbenzene + CoHyC(CHg),” 300 ~1 x 107'2 FA, 20 C4HsCH,™ from toluene 188
CEHCH,  + p-t-butyltoluene » (CHy)(CCoH,CH3300 <5 x 10712 FA, 20 CgHCH, ™ from toluene 188
CHGCH, ™ + CHyOH + CH;0™ 300 >5 x 10711 _ FA, 20 CeHsCH,™ from toluene 188
CHigCH, ™ + C,HOH + C,H 0 300 »1 x 10710 _ FA, 20 CgHsCH,™ from toluene 191
CgHsCH, ™ + CHySOCH; » CHySOCH,” 300 >5 x 10712 : FA, 20 CgHsCH,  from toluene 188
CEHGCCH,) ;™ + CgHe + CoH™ 300 < x 10713 FA, 20 C¢HsC(CHy),” from isopropylbenzene 188
CHC(CHg) ;™ + CEHoCHy » CoHCH,™ 300 ~5 x 10713 FA, 20 C4HsC(CHy) " from isopropylbenzene 188
CeHgC(CHy),™ + CHyOH + CH;0~ 300 >5 x 10711 FA, 20 C¢HsC(CHy),” £rom isopropylbenzenme 188
CeHgC(CHg),” + C,HGOH » C,HO 300 5 x 1071 FA, 20 CgHsC(CHy), ™ from isopropylbenzene 188
p-(CHy) CC(H,CHL™ + CEHoCHy > CoH(CH,” 300 <5 x 10711 FA, 20 p-(CHy) 5CCeH,CHy™ from p-t-butyltoluene 188
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