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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
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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[l,2]! have been restricted to those reactions
relevant to the chemical physics of planetary atmos-
pheres, which involves 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 wmore than 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years out of date as of this writing and no critical review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 <0.5eV.

tFigures 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 cm® 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
instanees the value chosen hy a given lahoratory 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.
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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 coeflicient.
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 andfor 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 Lotal 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=iso, t= ter-
tiary, c=cyclo, tr=trans, o=ortho, p= para, and
m= meta.
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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—1 for bimolecular reactions and ¢m® molecule~? s—1
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. All ion cyclotron resonance
measurements may be assumed to have been carried
out at ambient laboratery 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)

Ton Cyclotron Resonance mass spectrometry is a low
pressure technique (10-7 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 20 10' N m %, 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 purpbses 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 (T1)

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
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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.
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Table 1. Rate coefficients for reactions of hydrocarbon cations
Reaction T k Method Comments Ref.
<"+ CHy - 373 1.43 x 107° MS, 11 Assumes k(CH," + CH,) = 1.20 x 107° 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-CyH;, + 1.0%0.2 x 107° FA, 15 15
ct o+ CH3C1 > 373 2.1 x 10'9 . MS, 16 0.21 eV ion exit energy 17
373 2.7 x 10'9 MS, 16 0.46 eV ion exit energy 17
373 3.1 x 1049 MS, 16 0.65 eV ion exit energy 17
373 3.0 x 10'9 MS, 16 1.1 eV ion exit energy 17
¢t o+ CH3F - 373 1.77 x 10.9 MS, 16 0.24 eV ion exit energy 17
373 2.95 x 10°° MS, 16 0.65 eV ion exit énergy 17
¢t o+ CHy NH, - 373 3.8 x 1077 MS, 16 3.4 eV ion exit enmergy 18
+ - -
"+ CH,0 » CH, 8.2 x 10710 ICR, 19 Assumes k(CH,* + CH,) = 1.2 x 10°° 19
¢’ + co, » 300 1.9+0.6 x 107° FA, 20 21
300 1.46+0.15 x 10°°  Ms, 22 23
+ -
. CO2 + CO 1.6 x 10 9 MS, 22 RF discharge in COZ 24
ct s H,0 - con™ 200 2.0+0.6 x 1079 FA, 25 25
¢+ o, - 9.0+2.7 x 10710 Ms, 26 27
300 1.140.3 x 1077 FA, 20 21
¢’ + siH, » Si*,+SiH*, siH,", SiH,", 340 4.36+0.9 x 107° MS,B,28,29 2.1 eV ion exit energy, 6.25 V cm L 30
sici’, sicH,”
+ + -9
C” + SF¢ » SFg 300 1.3 x 10 FA, 20 31
¢t o+ Xe » <5 x 10713 FA, 15 15
e+ cHy 373 1.64 x 107° MS, 11 12
1.29+0.06 x 10°° ICR, 32 33
1.740.1 x 10-9 TI, 14 Assumes k(CH; + CHA) = 1,20 x 10-9 14
CD" + CD, - 1.21 x 107° MS, 13 13
GH' + C,H, + C,H 8 x 10710 B, 34 34
272 273
CH 4 CHg - 2.6+0.5 x 10°° MS, 26 35
cH* + CH3C1 - 373 1.8 x 107° 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 10~9 MS, 16 0.65 eV ion exit energy 17
373 2.1 x 107° M$, 16 1.1 eV ion exit energy 17
cat + CHBF - 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 energy 17
cH® o+ CH:,>NH2 > 373 3.0 x 10'9 MS, 16 3.4 eV ion exit energy 18
cnt o+ cn,0. c1|3+ 3.2 x 10710 ICR, 10 Assumes k(cuq" + CH) = 1.20 x 1079 19
CH' + Hy > cH,* 295  1.01+0.4 x 107° ICR, 32 36
cH” + H,S » CHs' 6.6+0.6 x 10710 ICR, 32 Assumes k(CH,” + CH,) = 1.1 x 1070 37
on* - siny - sit, sin', sinz*, 51113+, 4.5610.86 x 1077 MS,B,28,20 2.1 oV ion exit energy 20
SiCH,", SiCH{"
CH' + SiH, ~ SiCH2+ 1.56+0.4 x 10710 ICR, 38 38
cH,” + cHy 323 1.2140.12 x 1070 MS, 39 15V en? 39
: 1.20+0.06 x 107  ICR, 32 53
373 1.33 x 107° MS, 11 Thermal ions 12
373 1.55 x 1077 Ms, 11 20 eV ions 12
1.53+0.1 x 107° I, 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," ¢ CHg > 2.6+0.7 x 107° MS, 26 35
CH2+ + CH3C1 hd 373 1.3 x 10.9 MS, 16 0.21 eV ion exit energy 17
373 1.4 x 10°° MS, 16 0.46 eV ion exit energy 17
373 1.6 x 1077 MS, 16 0.65 eV ion exit energy 17
373 9.7 x 10710 MS, 16 1.1 eV ion exit energy 17
CH," + CHgF ~ 373 1.21 x 10°° MS, 16 0.24 eV ion exit energy 17
373 1.74 x 10'9 MS, 16 0.65 eV ion exit energy 17
CHZ+ + CHENH2 > 373 3.6 x 1()_9 MS, 16 3.4 eV ion exit energy 18
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Table 1. .Rate coefficients for reactions of hydrocarbon cations--Continued
Reaction T k Method Comments Ref.
CHz + CHSCN > 300 1.76 x 10'9 Ms, 22 Pressure varied 22
300 3.4 x 107° MS, 22 Time varied 22
€D, + CDCN » 300 1.76 x ;10'g MS, 22 Pressure varied 22
CH2 + CZHSCN - 300 3.12 x 10_9 MS, 22 Pressure varied 22
ci,’ + CHy0 » g 6.4 x 10720 ICR, 19 Assumes k(CH,* + CH,) = 1.2 x 107° 19
CH,* + CHySH » 500 3.4+0.51 x 107° MS, 40 10V em! 41
CH,* +CH SOCH, ~ 408 4.4+0.4 x 10°° MS, 11 0.71 eV ion exit energy 4z
408 4.0 x 10°° MS, 11 1.07 eV ion exit energy 42
cH," + H, » CH* 295 7.2+0.4 x 10710 ICR, 32 36
cH,” + D, ~ cHD,cp,” 83 3.1 x 10710 NS, 43 Varies with T a4
CH,* + NHy » CH,NH," 2.0+0.8 x 107° MS, 26 15
eyt o+ LNy 1.51+0.29 x 1077 ICR, 32 37
CH," + NHy » CH,NH," 1.2 x 1079 ICR, 38 _ 46
CH,* + H,0 + CH,OH" 5.240.9 x 10710 ICR, 32 Assumes k(CH," + CH,) = 1.10 x 10°° 37
5.2 x 10710 ICR, 38 46
CHy" + H,S » CHySH', cHS® 5.9+41.2 x 10710 ICR, 32 Assumes k(CH," + CH,) = 1.10 x 10 37
6.0 x 1070 ICR, 38 46
cH," + si, - si*, siH', Sin+, SiHS*, 3.49+0.89 x 1072 MS,B, 28,29 30
SicH,", sicH;" _
ci,* + si, > sicH" 2.91+0.53 x 10710 1CR, 38 ‘ 38
CHy™ + CFy > 323 5.45+0.55 x 10710 MS, 39 15 V em”t 39
CHy* o+ CHy + CoH" 323 8.6+0.9 x 10710 MS, 39 15V et 39
300 9.5¢1.5 x 10710 TI, 47 Kinetic enmergy <1 eV a7
9.6+0.4 x 10710 ICR, 32 - 33
340 1.3140.04 x 1077 TI, 48 49
9.0+0.08 x 10720 1cR, 32 Assumes k(CH,* + CH,) = 1.1 x 107 37
8.9+0.3 x 10710 ICR, 32 Assumes k(CH," + CH,).= 1.1 x 107° 32
1.2+40.1 x 1077 ICR, 50 Assumes. k(CH," + CH,) = 1.1 x 107° 50
1.15+0.05 x 1077 TI, 14 Assumes k(CH," + CH,) = 1.1 x 107 14
1.0+0.1 x 107° ICR, 51 51
298 9.-10. x 10710 MS, 52 53
1.3+0.1 x 10°° MS, 54 54
310 8.6 x 10720 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 10710(%). Least squares, all values
ey + €y + C,0 " .1.08+0.03 x 107°  TI, 14 57
1.2 x 1072 ICR, 58 59
7.6+90.5 x 10 *° ICR, 32 32
9.3 x 10710 MS, 13 13
6.1 x 10710 MS, 16 55
9.16+2.37 x 10720(#) Mean of all
CH3 * CyHy - C3H3+ 310 2.12 x 107° MS, 16 3.7 eV ion exit energy; assumes k(CH4+ + 60
) = 1.zx 10
310 1.54 x 1077 MS, 16 1.7 eV ion exit energy 60
CHz™ + G He -+ 1.7+0.3 & 1079, M3, 26 35
;' + CHgBr - CHy®, €D, cH,Br®, CD,Br” 3.9+0.42 x 107° ICR, 38 61
CHy" + CH;C1 =+ 9.7 x 10710 MS, 16 0.21 eV ion exit energy, 17
4.2 x 10710 MS, 16 0.46 eV ion exit emergy 17
4.0 x 10710 MS, 16 0.65 eV ion exit energy 17
_ 8.6 x 10710 MS, 16 0.45 eV ion exit emergy 17
cp,* + CH,C1 + CH,*, cb;", CH,Br', CD Br" 2.62+0.22 x 107 ICR, 38 61
3 3 3 3 2Br 2 i ,
51-13+ * CHzF » CH Ft 1.02 x 1079 ICR, 62 63
+ + + + »9
;" + CHgF » CH., O, CHFY, CD,F 1.8640.24 x 10 ICR, 38 61
+ -10
CH.® + CH,F, » CH,F 6.4 x 10 ICR, 62 63
CH.” + CHF, - 7 6 x 10710 1CR, 62 63
+ + + + . -10
ep;* + cHgT » cHy, D", CH,TY, €D,I 2.2+1.0 x 10 ICR, 38 61
CHy* + CHyNH, » 1.2 x 107° MS, 26 64
CH:s + CH3CN - 1~6310.05 x 10-9 Ti, 14 0.4 eV ion exit energy
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Table 1. Rate coefficients for reactions of hydrocarbon cations--Continued
Reaction T k Method Comments Ref.
N -10
CHz" + (CHg) NH ~ 9 x 10 MS, 26 64
CH3+ + CZHSCN - 300 2.2 x 10_9 Ms, 22 Pressure varied 22
300 2.9 x 1077 MS, 22 Time varied 22
D"+ C,DeCN » 300 2.4 x 1079 MS, 22 Pressure varied 22
300 2.3 x 107° MS, 22 Time varied 22
CHg" + (CHg) N » 300 6.3 x 10710 MS, 26 64
CH3' + CHSOH > 373 1.4040.2 x 107° MS, 16 3.4 eV ion exit energy 16
CHy" + CHyCHO -+ 2.49+0.05 x 1077 TI, 14 Assumes k(CH," + CH,) = 1.2 x 107° 66
CH3+ + CDSCDO > 3.10+0.3 x 10"9 TI, 14 0.4 eV ion exit energy; assumes k(CH4+ 65
cHy) = 1.2 x 1070
CH; + C'CDZCDzO + 1.68+0.13 x 1079 TI, 14 0.4 eV ion exit energy; assumes 1<((:I14+ 65
CH) = 1.2 x 1070
Ci-13+ + CH30CH3 + 2.040.3 x 10'9 TI, 14 0.4 eV ion exit‘ energy; assumes k(CH4+ 66
CHy) = 1.2 x 107°
CH3+ + CD:,,OCD3 - 2.5840.31 x 10_9 TI, 14 0.4 eV ion exit energy; assumes k(CI-I4+ 65
cH,) = 1.2 x 107°
CHg" + CHyCOCH + CHyCO*(46%), CH COCH," 473 2.0+0.1 x 107° ICR, 51 Remaining 34% of reaction products are 67
{10%), (CH,COCH;)H" (10%) 2.4 x 107° MS, 67 unspecified 67
CHy" + CHySH » 520 3.6+0.54 x 1077 MS, 40 10V ent a1
CH,” + (CH),S » C,HS" 520 2.0+0.3 x 107° MS, 40 10V en! 4
CH:()T + CH‘.,,SOCH3 - 408 4.8+40.5 x 107° MS, 11 0.71 eV ion exit energy 42
408 4.6+0.5 x 107° MS, 11 1.07 eV ion exit energy 42
cHg" + oS » CH,ST(78%), cH,ST(119), 300 6.45 x 10710 MS, 53 68
cust (119)
CH® + €S, » CHgs®, cHgcs <10710 ICR, 69 69
et o+ Ay » oo, 205 5 x 10713 ICR, 32 36
cH,* + D, > cH,D", cHp,’ 835 1.7 x 10710 MS, 43 44
373 6.1+#0.1 x 10 Y MS, 16 70
0," + H, » CDH", CDH,” 295 5.1+0.5 x 10710 ICR, 32 36
CH," + NHg > CHNH," 6.6 x 107190 ICR, 38 46
CH3* +  NHg > NH;(zo%), CH,NH, " (80%) 8.3+0.8 x 10710 ICR, 32 37
CH; + NHg > 2.0+0.5 x 1070 ICR, 50 Assumes k(CH; + CHy) = 1.1 x 1079 50
CH, " + NHg - NH, ", CH,NH," 1.3+0.2 x 10°° MS, 26 45
8.3¢1.0 x 107 10(%) Correcting data of ref. 46 for NH,"
production gives same value as ref. 37.
cHy* + Hy0 > CH,oH" <1 x 1071 ICR, 32 k refers to specified channel only 37
cHy* + D,0 > 4.2+0.9 x 10710 Ms, 71 72
cH* + PHy - PCH,"(63%); PCH,” (37%) 300 1.1140.1 x 107° ICR, 73 73
CHg' + HyS + CHySHY 5.040.3 x 10710 ICR, 32 37
cus* + SiH, » 51;{3“, siCH3+, sicﬂs” 343 2.39+0.73 x 107° MS,B,28,20 2.1 eV exit emergy, 6.25 V cm ! 30
- siHg* 1.11+0.18 x 10°°  1IcR, 38 38
cHg” v NO » NOT 1.140.1 x 107° B, 74 Assumes k(CH," + CH,) = 1.1 x 107° 75
cHy' v N,0 - 340 5.3+0.1 x 1070 T1, 48 Electron energy = 20 eV 49
340 5.040.2 x 10<10 TI, 48 Electron energy = 18 eV 49
310 4.3:0.2 x 10—10 TI, 48 Electron energy = 16 eV 49
380 3.4¢0.2 x 10710 I, 48 Electron emergy = 15 eV 49
340 No reaction TI, 48 Electron energy = 14 eV 49
01-14+ + CHy » CHS* 323 1.01#0.10 x 107° MS, 39 10 V en™t 39
1.05+0.15 x 2072 11, 47 K.E. less than 1 eV 47
300 1.14+40.03 x 1070 ICR, 32 33
1.22¢0.02 x 107°  TI, 48 49
1.10 x 107° ICR, 50 37
296 11.8+0.8 x 10 *°  ICR, 76 r6
1.1150.04 x 10°°  ICR, 32 32
1.22+0.02 x 10™°  TI, 48 48
455 1.0+0.04 x 1077 MS, 77 77
1.1+0.4 x 107° TI, 78 78
373 1.0 x 10°° ICR, 51 58
1.05 x 107° MS, 79 73
1.2+0.1 x 1077 ICR, 80 80
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Table 1. . Rate céefficientS for reactions of hvdrocarbon cations--Continued
Reaction T k Method Comments Ref.
cH, "+ cHy > cHg' 1.23 x 1079 MS, 16 81
1.2+0.1 x 107° ICR, 51 51
300 1.1+0.1 x 107° ICR, 73 73
1.38 x 107° MS, 82 83
0.95(1.15) x 10'9 ICR, 84 Upward revision to 1.15 x 10.9 mentioned 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 10”7 Ms, 40 10 V em? 40
1.2540.02 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 107° 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 cm'l, 0.9 eV exit energy 90
1.07 x 107° MS, 91 92
1.11 x 107° MS, 93 93
1.26 x 1072 MS. 93 94
1.03 x 107° MS, 26 35
450 1.07 x 10°° MS, 95 0.86 V/em ! 96
1.16 x 107° Ms, 97 97
8.93 x 10710 MS, 26 56
1.13+0.08 x 1072 Mean of all values
1.15:0.04 x 1079 Mean of all ICR values
1.11+0.04 x 107° Mean of all MS, TI values
1.1440.06 x 10'9(*) Error is 95% confidence limit.
cp,* + cp, » Cp* 9.8+0.2 x 10710 TI, 14 57
1.1x 10°° 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 s, 13 13
373 8.2 x 10710 MS, 16 16
4.65 x 10710 MS, 16 10.5 V cm™Y, 3.7 eV exit energy 98
9.2+¢1.4 x 10'10(") Mean of all, neglect value of ref. 98
CHD," + CH,D, - CHD,"(55%), CH, D' (45%) 9.2 x 10710 ICR, 84 84
-10
373 8.5 x 10 MS, 16 16
CH,D® + CHgD > CH,D"(77%), CHgD,"(23%) 373 1.01 x 107° MS, 16 16
cHDg* + CHD, > CHD,"(33%)) CHD,"(67%) 375 8.8 x 10710 MS. 16 16
eyt vy, - ‘ 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," + CH, + C,H " (30-40%), C,H,"(57-70%) 2.9 x 107° MS, 79 Photoionization 79
CH4* + CHy > R, cZH4", C{Hg"y Cg 2.9 x 1077 MS, 79 Photoionization 79
c,* + CHyCN ~ 3.92+40.15 x 1070 TI, 14 0.4 eV ion exit emergy; assumes k(CH,* + 65
cHy) = 1.2 x 1070
CHA* + CD5CDO 3.68+0.46 x 107° TI, 14 0.4 eV ion exit energy 65
CH4+ + c-CDéCDZO > 2.29+0.27 x 10-9 TI, 14 0.4 eV ion’'exit energy 65
CH4+ + CD30CD3 -+ 2.24+0.32 x 10‘9 TI, 14 0.4 eV ion exit energy 65
Ci‘i4+ + Cﬁch\Zﬁs -+ 4.08*U.45 X 1U-Q I, 14 0.4 eV ion exit energy 05
+ + -10 -
CH," + CH;COCH,CH,CH; » CcH, (0 3.5 x 10 B, 74 0.3+0.3 €V ions 99
b, + CHSH > CHySHD', CH SH', CSH," 2.86+0.18 x 1077 TI, 14 0.4 eV ions 100
w,* + co+ 7¢1 x 107" TI, 14 57
co,* + co » cop” 5.22 x 10710 MS, 98 10.5 V cm™l, 3.7 eV exit energy 98
cu,” + co, 340 8+1 x 10710 TI, 48 49
6 x 10710 TI, 14 57
o, + co, » cop* 4.86 x 10710 MS, 98 98
i, o+ Cs, > CsHT 3.4+1.7 x 10710 ICR, 69 69
cH, " v Hy > ot 295 4.1#0.2 x 10711 ICR, 32 36
+
cH," + D, » CH,D* 9 x 10712 ICR, 85 86
-9 37
c® v Bwng + 1w, (499), LSyw,* (518) 1.35+0.16 x 10 ICR, 32 a 4 . :
CD4+ + 'NHS -+ 1.2 x 10-10 MS, 101 10.5 V.cm —, 3.7 eV ion exit energy 101
45
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Table 1. Rate coefficients for reactions of hvdrocafbon cations--Continued

Reaction T k Method Comments Ref.
cH," ¢ NHg > NHgT, NH,* 2.2+0.7 x 107° NS, 26 45
+ + -
CD4 + NHS > CDAH 3+0.7 x 10 11_ ICR, 32 Rate constant refers to one channel only 37
N ) )
CH,* + Hy0 > HOT 2.4+0.5 x 107° ICR, 32 . 37
+ N )
et o+ 1,0 » 5.7 x 10710 MS, 16 101
. N
cH,* + D0 > ‘ 1.6+0.5 x 107° Ms, 71 _ 72
ot e s s oSt ssn), B8 ass) 1.214.17 x 1079 R, 2 37
c,* + 0,8 + CD,H" 9 x 10711
. 2 . x 10 ICR, 32 37
1.5 x 10 MS, 26 102
* + siH, » siH,*, siH,*, sicH,*, sicu.* -9
cH, iH, - SiH,", SiH,", sicH,", sicH, 2.0440.48 x 10 MS,B,28,29 30
+ . N : . - . .
it + sify - siHg", sicH,*, sicH " 2.56+1.04 x 1077 ICR, 38 : . 38
+ - -
," + Ny > N,D 5.1 x 10711 MS, 98 10.5 V em™L, 3.7 eV exit, 98
+ + - -
cH," + NO » NO 2.8 x 10710 B, 74 Assumes k(CH," + CH,) = 1.1 x 107° 75
. .
cH," + N,0 » N,0H"(97%), NOH'(3%) 1.04 x 1077 ICR, 103  Assumes k(CH,  + CH;) = 1.0 x 107" 103
CHS* + BgHy + B " 373 1.93 x 107° MS, 43 104
+ + - -
CHg" + CFy > CFy 323 2.3+0.3 x 1020 M5, 39 15V em! 39
CHg" + CH, > Products other than CHg" <10712 MS, 26 105
cH,D" + CHy + CHS® 83 2.7+0.2 x 107° MS, 43 44
) 83  3.7+1.0 x 107° MS, 43 : 44
oo * + oHy ~ cnppt 300 3.3 x 10711 B, 74 0.310.3 oV ions 106
cHg" + CH, > . 295 1.4+0.3 x 107° B, 107 Less than 0.1 eV ions 108
+ -
CH" + C,H, > 1.5 x 1077 B, 107 Less than 0.1 eV ions 108
CHg® + C,H, » CoHg" 1079 Ms, 26 109
" + CyH, » C,H,D" 1.51+0.08 x 107°  TI, 14 110
CDS“ * C Hg 1.07+0.04 x 1077 TI, 14 111
CH® + CHLCHCH, ~ 2.0 x 1077 B, 107 108
CHg' + c-CgHg » 1.7 x 107° B, 107 108
CHg® + CH3CD,CHy » 1.7120.1 x 107° TI, 14 Assumes k(CH," + CHy) = 1.20 x 107° 112
CHS+ + CD:(,G#IZCD3 -+ 1.51+0.2 x 10"9 TI, 14 Assumes k(CH4+ + CH4) = 1.20 x 10_9 112
CH," + CgDg » ' 1.54+0.15 x 10°°  TI, 14 Assumes k(CH,* + CH,) = 1.20 x 1077 112
5, * C3l 2 % CHy, + Oy I
D"+ CyHg » 1.53+0.2 x 10 TL, 14 Assumes k(CH," + CH,) = 1.20 x 10 112
CH" + CHyCl » CHyC1H' 300 2.60+0.39 x 1077 IR, 76 113
cH' + G HCL ~ CyHoctHt 300  z.02:0.45 x 10°° ° tcR, 76 113
CHg" + CC1,CH, ~ 300 1.97+0.29 x 10°% 1R, 76 114
cp.* + CC1,CH, » 300 1.69+0.25 x 10°° . ICR, 76 114
5 2 +
CHg* + tr-CHCICHCI ~ 300 1.78+0.27 x 1077 ICR, 76 114
cp* + tr-CHCICHCL » 300  1.54+0.23 x 10710 1cR, 76 114
cH,* + cis-CHCICHCI ~ 300 2.09+0.31 x 10°°  ICR, 76 114
"+ cis-CHCICHCL » 300 1.80+0.27 x ¥0°°  ICR, 76 114
CHg* + CF,CH, » 300 1.27+40.19 x 1070  ICR, 76 114
o' + CF,CH, » 300 1.14+0.17 x 0% 1cR, 76 114
CHg" + tr-CHECHF ~ 300 1.02+.15 x 107° ICR, 76 114
D" + tr-CHFCHF ~ 300 9.5+1.4 x 10710 1cR, 76 114
gHS* + cis-CHFCHF =+ 300 1.57+0.23 x 107° ICR, 76 114
o, + cis-CHFCHF ~ 300 1.3540.20 x 1077 IR, 76 114
CHg* + n-CgH,C1 » C H CI1H" 300 3.11+0.47 x 1070 ICR, 76 114
CHg” + CHyCHCICHg + CgH,CIH’ 300 3.10+0.47 x 1077 ICR, 76 114
CHg" + n-CyHyC1 + C,HoCIH 300 3.2040.48 x 1077 ICR, 76 114
CH.* + sec-C HgCl » C HyClH" 300 3.14+0.47 x 1070 ICR, 76 114
CHg" + t-CyHCl + C, HCIH" ' 300 3.28+0.49 x 10°°  ICR, 76 114
+ o + : -9
CHg" + n-CcHy C1 » CHy CIH 300 3.29+0.49 x 10 ICR, 76 113
+ _ + . -9 )
CHg" + t-CgH;;C1 » CgHy CIH 300  3.29+0.49 x 10 ICR, 76 113
CHS+ + p-CeH,F,) 300 1.91+0.29 x 1077 ICR, 76 o114
g’ + p-CeH,F, > 300 1,50+0.22 x 107 IR, 76 114
CH* + m-CgH,F, + 500 '2.1240.32 x 1077 ICR, 76 o 114
D"+ m-CgH Fy 300 L.65+0.z5 x 1077 IR, 76 114
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Table 1. Rate coefficients for reactions of hydrocarbon cations--Continued

Reaction T k Method Comments Ref
CHg" + 0-CgH,E, 300 2.38+0.36 x 10°°  ICR, 76" - 114
b," + o-CgH,F, : 300 1.91#0.29 x 10°°  IcR, 76 114
CHg" + CHgNH, ~ 300 2.25 x 1077 ICR, 76 115
CHSJr + CHSCN > 4.90+0.24 x 10’9 TI, 14 0.4 eV ions; assumes k(CH4+ + CH4) = 65
1.2 x 1077
CHG® 4 (CHg) NH - 500 z.15 x 107° ICR, 76 - 115
CHS+ + CD5CDO > 4.20+0.35 x 1079 TI, 14 0.4 eV ions; assumes k(CH; + CHy) = 65
1.2 x 107°
CHg® + c-CDyCD,0 » 3.11+0.13 x 1077 TI, 14 0.4 eV ions; assumes k{(CH," + CH,) = 65
1.2 x 1079
CHS+ + CDSOCDS > 2.97#0.24 x 10'9 TI, 14 0.4 eV ions; assumes k(CH4+ + CH4) = 65
: 1.2 x 1077
CH5+ + CH:,’(;OC[-[3 ES 5.26+0.18 x 10;9 TI, 14 0.4 eV ions; assumes k(CH4+ + CH4) = 65
1.2 x 107°
+ )y -9
CH* + CgHCH,0COCH - 2.940.3 x 10 MS, 16 116
CHgY + Lo > s./%v.2 x 00 TL, 14 57
e, + co - Heo® 340 5.54 x 1070 MS, 22 11.5 V em™? 117
CHg + €O > 300 1.0 x 10710 FA, 118 119
.’ + €O - ) 3.0+0.3 x 10710 1, 14 57
CHg™ + €O, » CO,H" 296  3.6+1.0 x 1071 ICR, 62 76
300 3.2¢0.2 x 10711 FA, 118 120
cHyt o+ NHg 300 2.3 x 107° DT, 20 121
300 2.33 x 10°2 ICR, 76 115
cH* o+ Hy0 1078 MS, 26 45
cHg' + SiH, > SiHg" 1.99+0.40 x 107°  MS,B,28,29 : 30
1.78+0.25 x 10°°  ICR, 38 38
: 1.90+0.30 x 1077(%) Error is 90% confidence limit
cH" + siD, » : 9+3 x 10712 ICR, 38 122
cHy* + N0 » NjOH' 340 . 7.9+1.0 x 10710 TI, 48 a9
CHT 4 N0 - 300 »1.0 x 10710 FA. 118 119
c,t e CH, - ' 2.65+0.1 x 1077 1, 14 0.3-0.5 eV ions; assumes k(CH,® + CH,Y = 14
2 272 . — . -3 4 4
: Z x 10
¢t 4 CH, > CH” 3 x 1077 B, 34 34
c,” + C,H, » 1.02 x 107° MS, 26 56
: 1.9 x 107° TI, 14 0.3-0.5 eV ions; assumes k(CH," + CH,) = 14
1.2 x 1077
c," + Hy > " ' 295 1.12+40.11 x 1070 ICR, 32 36
C2H+ + C2H2 > 1.4740.15 x 1()"g TI,'47 Less than 1 eV ions 47
c it + GyH, + 1.3+0.3 x 10°° Ms, 26 123
2.45+0.1 x IU'9 TI, 14 0.3-0.5 eV ions; assumes k(Cl~l4+ + CH4) = 14
- -9
1.2 x 10
+ + + -9 N . . + -
CZH + CZHZ - C2H3 R CAHZ 2.4 x 10 B, 34 ) 0.3-0.5 eV_;ons, assumes k(CH4 + CHA) 33
] 1.2 x 10
CH" + CoH, » CyH,t » 5.8 x 10710 MS, 26 - 56
1.71#0.1 x 10'9 TI, 14 0.3-0.5 eV ions; assumes k(CH4' + CH4) = 14
2 x107° :
CHY + CpHg > 2.9+0.6 x 107° MS, 26 35
G+ cgHg > 4.0%0.5 x 1079 M3, 26 35
C,H" + CHyCN > 300 3.64 x 107° Ms, 22 v 22
c,D* + CDyCON 300 4.8 x 1070 MS, 22 22
CH ¢ Hy 295 7.8+0.5 x 10710 ICR, 32 36
. + + + + + -10 . . -
C,H + CH, - C,H. , C,H. , C,H, , CH 9.1 x 10 MS, 79 Photoionization 79
22 s L I L 10 ,
> 4l 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
CH,T G, » CyHgT, Y 1.15+0.15 x 107 TI, 47 <1 eV ions 47
: 1.52+0.10 x 1077 ICR, 124 124
~cu,t, cut, ont 1.39 x 1077 MS, 79 11.4 eV photons 79

L I - S )
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Table 1. Rate coefficients for reactions of hydrocarbon cations--Continued

Reaction T k Method Comments Ref.
CH, + CHy » 1.38 x 10°° MS, 79 13.4 eV photons 79
> C ., CuHT, C T, CoHgY 1.25 x 1070 MS, 79 16.2 eV photons 79
> ek, et oot 1.94 x 107° B, 34 34
allz 5 Cglly s Colig I .
1.41+0.7 x 10 TI, 14 0.3-0.5 eV ions; assumes k(CH4 + CH4) = 14
. 1.2 x 1077
+ + -9
+ CHg*, C,H, 1.22 x 10 ICR, 84 84
9.0 x 10710 MS, 16 3.7 eV ion exit enmergy 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', CH,* 7.51 x 10710 MS, 55 55
: 8.5 x 10710 MS, 26 123
+ + + + -9
CH," Gy - CoHgT, CHT, R, 1.35 x 10 MS, 79 11.4 eV photons : 79
+ CgHg", G HG* 1.30 x 10°° MS, 79 13.4 eV photons 79
1.58+0.1 x 10'9 T, 14 0.3-0.5 eV ions; assumes k((ﬁl»{“+ + l".H4) =
1.2 x 1079
> CgHy” 2.5 x 10710 MS, 126 ' 126
> CHy*, CH* } 4.1 x 10710 MS, 26 56
Gyttt cpHg 525 5.8z+0.6 x 10720 M5, 39 5 vem?t 59
1.340.2 x 107° T1, 14 111
2.140.4 x 107° MS, 26 35
C,H," + CH CL » CoH, 01" 373 1.9 x 107° MS, 16 127
C,H," + C HF » € HF (973), C4Hy " (3%) 373 1.95 x 107° MS, 16 128
C2H2+ + CZHSCN - 2.7 x 10_9 MS, 22 Pressure varied 22
. 2.2 x 107° Ms, 22 Time varied 22
€,0," + C,DCON > 2.5 x 1072 MS, 22 Pressure varied 22
. 2.9 x 107° MS, 22 Time varied 22
€ H," + CHyCOCH,CH,CHy » CHy (0" 6.5 x 10710 B, 74 0.3+0.3 eV ions 99
CH,* + oS » CHyS” 300 4.7 x 10711 MS, 53 : 68
CZH2+ + 1‘-f2 -+ C2H3+ <2 x 10'12 ICR, 124 k varies with vibrational energy of CZHZ* 124
6.3+1.8 x 10711 ICR, 124 124
c,H," + NO + NO¥ 3 x 107 B, 74 C,H," generated in CyH,, CgHg 75
c,0," + No > NO¥ 6 x 1011 B, 74 c,b,” generated in €,D, 75
C2H2+ + SiH, » si', sin*, siHZ*, siH ", sicH;", 1.11+0.34 x 10°°  MS,B,28,29 129
sicH*, sic,H,", sic H.' .
2, S1ilgHy 25 5 . .
1.79+0.71 x 10 MS,B,28,29 1.4 eV ioms 130
C2H3+ + CHy » 9+1 x 10711 MS, 26 105
CH "+ CHy » 7.1+0.8 x 10730 ICR, 124 v : . 124
8.5 x 1011 TI. 47 <1 eV ions S 47
3.140.2 x 10710 71, 14 111
C2H3+ + C2H4 > 8.4+0.5 x 10-10 TI, 14 0.3-0.5 eV ions; assumes k(CH4+ + CH4) = 14
1.2 x 107° '
6.5 X 10710 MS, 91 o2
CHs" + CpHy > CpHgt 5.8 x 10710 MS, 126 126
3.82 x 10710 Ms, 26 . 56
CHt ¢ CHg > CoH T 323 5.71+0.6 x 10710 s, 39 15Vent 39
2 ~ - -
3.7+0.1 x 107'Y TI, 14 111
4.8+0.9 x 10710 MS, 26 35
CH,* v Cglg » 6.7+¢1.6 x 10710 MS, 26 , 35
CyHy "+ i-CyHg » 1.59+0.06 x 10°°  Ms, 16 131
CyHly " + c-CyHg - 520 1.44 x 107° MS, 40 10V en! 132
Cyilg* + n-CyHjg 8.5+1.0 x 10710 MS, 26 133
CHT + iCyH > 1.14+0.13 x 1070 Ms, 26 133
C,Hy* + CHg > CoHy' 3.55 x 10710 Ms, 82 83
CZH; + C,HCN ~ 7 x 10_10 MS, 22 Pressure varied 22
1.6 x 1070 s, 22 Time varied 22
CZD; + C,DCN » 1.2 x 107° MS, 22 Pressure varied 22
2.3 x 107° Ms, 22 Time varied 22
+ + + - -10 127
CoHy" + CHC1 » C,H,C17(218), C,Hg" (79%) 7.1 x 10 MS, 16
CyHy" + CoHgF =+ C,H,F* 5.0+0.5 x 10720 MS, 16 Rate refers to one channel only 128
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RATE COEFFICIENTS FOR ION-MOLECULE REACTIONS 1133
Table 1. Rate coefficien?s for reactions of hydrocarbon cations--Continued
Reaction- T k Method Comments Ref.
CZH3+ + CD30CD3 > (CD3OCD3)H+ 4.0+0.5 x 10_9 TI, 14 Rate refers to one channel only 110
CoH,t + CHySCH, » CoH,S" 500  2.3+0.35 x 107° MS, 40 10 v en’? 41
C "+ €08 - CoH s 1.8 x 10710 MS, 53 68
CH " v Hy o, <1 x 1012 ICR, 124 124
c,H,t v SiH, - SiH,*(89%), SiH.'(11%) 2.8+0.9 x 1010 ms,B,28,29 129
c it v oy <3 x 10712 MS, 26 105
cH,t o CH, 295 8.0+0.1 x 20710 ICR, 124  k varies with internal energy 134
+ + + -9
e, v €, > CHD,Y, €D, 1.6+0.2 x 10 ICR, 76 135
o, "+ CpHy » (CyHg™) 1.13 x 107° ICR, 76 76
C.H," + CH, » CH., C,u,", ¢ H* 1.24 x 1077 MS, 79 11.4 eV photons 79
2t aMy > C3Hg o Cplly o CyHy %o
- CSHS » C4H7 . CZHS 8.8 x 10 MS, 79 13.4 eV photons 79
CH, "+ CHy - 8.3+0.2 x 10710 TI, 14 111
oy oy » CoHg*, cyt, oyt - 9.6+0.2 x 10710 MS, 136 10.6 eV photons 137
CH, "+ CH, > CoHST, CyH,T, CgH, " 8.5+0.2 x 10710 MS, 136 11.7 eV photons 137
CH,t + CH, » CH' 3.7+41.0 x 10710 TI, 78 78
2ty CoHly = Gy . . w1.0x 1
CZH4 + CZH4 - C4HB N C4H7 N CSHS 7.3 x 10 MS, 138 Error: "Within factor of 2.5", photo- 138
ionization
C M, + CoHy > 8.5+0.4 x 1070 TI, 14 0.3-0.5 eV ions, assumes K(CH," + CH,) = 14
1.2 x 1077
CH," + CH, » Cot 4.3+41.5 x 10710 ICR, 139 140
M 2Hy + Csg -3¢l ,
CoHy™ + CoH, > 300 4.4 x 10710 ICR, 141 142
e, i, » G, CHgt, cny” 8.3 x 10710 MS, 16 0.85 eV jon exit energy 143
c2H4“ N 5.7 x 10710 MS, 16 3.5 eV ion exit energy 143
a a 1.0 x 107° MS, 52 144
8.3 x 10710 MS, 145 145
CH, Y+ CH, + CoH, " 2.8 x 10710 MS, 26 146
254 24 35 -10
+ + 4.1 x 10 MS, 126 126
"+ Gy, > CoHg . ,
+ + + + -10
CH "+ Coly » CoH ™, CHg*, CyHy 6.3 x 10 MS, 26 56
=
C,H," + C,Hg » Products other than C,H," 189 2.5 x 10720 MS, 147 148
410 1 x 10712 MS, 147 148
5 x 10712 TI, 14 11
* + + + -11 + _ -10
- CZH5+' CSHS . CSHS . C4H8 4.3 x 10_10 TCR, 149 Acsnmes k(CZHG + CZHO) =1 x 10 140
5254* + G0, + CyD, 295 1.1 x 10 MS, 136 Photoionization 150
CH, " + CoHg 3.5+1.2 x 10710 s, 26 35
CH,* + CoHy > 8.5+0.5 x 10710 1, 14 112
2%, T 378 " -10 '
o, + Cyy 6.3+1.0 x 10 MS, 26 35
CHaD" + CHCD,CH, » 7.9+0.5 x 10710 I, 14 112
C,H,D," "+ CHYCD,CHy > 8.5+1.0 x 10710 TI, 14 112
C,H,D," + CDLCH,CD, ~ 8.9+0.3 x 10710 TI, 14 112
C,H, "+ CDLCH,CD; » 8.4+0.2 x 10710 TI, 14 112
CH, "+ i-CyHy 2.05+0.12 x 107 MS, 16 131
CH, "+ c-Cyitg + 3.01 x 1077 MS, 40 132
CH,™ + n-CyH o~ 1.14+0.13 x 107 MS, 26 133
CpHy " + CoHCL » C,HC17(51%), C,Hy"(248), 300 5.25 x 10720 ICR, 62 151
+ +
€My (16%), €,H,C17 (9%)
CyHy" * CoHgF - 1.970.2 x 1079 ICR, 76 Total rate 135
+ + -10 + *y oo
C,H," + CoHgF » C,HF 5.3 x 10 ICR, 139 Assumes k(C,H," + C,H, + CgH") = 152
. -10 :
8 x 10
CH, "+ CHCE, » 1.8 x 107° ICR, 76 - Total rate 135
+ + -9 + +y o
C2H4 + CHZCF2 + CHZCF2 1.0 x 1¢ ICR, 139 Assumes 1<(C2H4 + CoHy C3H5 ) = 152
-10
8 x 10
c,H, " + cis-CHFCHF » 1.8 x 107° ICR, 76 Total rate 135
CH,* + cis-CHFCHF + CHFCHF® 5.2 x 10710 ICR, 139  Assumes k(C,Hg' + C,H, » C5H.") = 152
8 x 10710
c,H," + CHFCE, » 2.2 x 107° ICR, 76 Total rate . 135
- +
CyH,* + CHECE, + 7.3'x 10710 ICR, 139  Assumes k(C,H," + C,H, » C;H.") 152
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Table 1. Rate coefficients for reactions of hydrocarbon cations--Continued
Reaction T k Method Comments Ref.
C2H4+ + C,HCN = 300 5 x 1010 MS, 22 Pressure varied 22
300 1.76 x 1077 MS; 22 Time varied 22
€,0," + C HCN > 300 1.5 x 107° MS, 22 Pressure varied 22
300 2.0 x 10°° MS, 22 Time varied 22
¢ H," + CD50CDy » CDL0CD," 2.68+0.25 x 10°°  TI, 14 110
= -9
3.140.3 x 10
+ ) + -9 .
C,H," + CHyCOCH,CH,CH; » CgH (0 2.6 x 10 B, 74 0.3+0.3 eV ions 99
c2}14+ + SiH, » smz*, C2H5+, sms", SiC,H 1.41+0.44 x 10" Ms,B,28,29 129
. + M + .
SiC,Hc", SiC,H¢ ‘ _
C‘2H4+ + NO + NO¥ 3.6+0.4 x 10710 B, 74 0.3+0.3 eV ions; assume k(CH4+ + CHy) = 75
. 1.1 x 107°
CH," + CyF, » 1.4 x 107° ICR, 76 135
: 3.5+0.5 x 10 ° ICR, 139 Assumes k(C,H," + C,H, + C,H,") = 152
-10 ' :
8 x 10
CpHg" + CH, <0712 MS, 26 105
CH® + CH, » CgH,* 86 1 x 1071 s, 53 153
+ -10
CoHs™ + CyHy » 1.0+0.1 x 10 TI, 14 111
CH" + oy > 2.9+0.5 x 10710 TI, 14 C,Hs" formed from (CHy" + CH,) 110
3.240.2 x 10710 TI, 14 Assumes k(ca4“ + CHy) = 1.2 x 1079 14
£,D.' + C,H, + C,H,D' 6.2+0.9 x 1071° TI, 14 110
2l5  * Gy = CpHD Al 10
C,H,DY + CH, » C,H, 5.6+0.4 x 10 TI, 14 110
CH* + CH, » C.H, Y, CH,Y 323 1.6+0.2 x 10710 MS, 39 15 V cm 1 39
Ms g > C3H7 5 Cgflg T :
189 2.5 x 10 MS, 147 148
400 5 x 10711 MS, 147 148
c i+ oo+ CHt 300 4 x 10711 ICR, 149  Assumes k(C,H.* + C,H,) = 1 x 10710 149
Calls * CoHlg > Cyllg 10 2He 2
CHT ¢ CHe » 300 1 x 10 MS, 136 Photoionization 150
+ -10
05"+ CyHe + 2.840.1 x 10 TI, 14 . 111
CH "+ CHy » 300 6.3+0.1 x 10 10(*) ICR, 154  Collisionally deactivated 154
300 5.6+40.6 x 10720 71, 14 , 112
300 6.2+40.5 x 10-10(*) TI, 14 Methane added; collisionally deactivated 112
300 5.4+0.5 x 10 10 TI, 14 CZH; generated in excess CH, 112
6.2+1.3 x 10710 MS, 26 35
+ -10
CH" + CHyCD,CHy » 300 6.4+0.3 x 10 TI, 14 112
CzHS+ + CSDS - 300 5.3+0.6 x 10'10 TI, 14 CZHS* generated in excess CH4 112
C,H;D," + CHyCD,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," + CDLCH,CDy + 300  8.4+0.2 x 10710 TI, 14 112
300 5.6+0.5 x 10°10¢%) TI, 14 Mothano addcd 112
C D H® + CD4CH,CD; » 300 4.7+0.5 x 10710 TI, 14 112
€D + CyHg > 300 6.3+0.5 x 10720¢%) TI, 14 C,Ds" generated in excess CD, 112
C,05" + CyDg » 300 4.7+0.5 x 10710¢x) 711, 14 Methane added 112
' . -9
C,H' + 1-CyHg » 1.2040.08 x 10 MS, 16 131
CHe* + n-CHy o 300  8.4:0.2 x 10710 ICR, 154 154
7.5¢0.9 x 10710 ms, 26 133
6 x 10710 MS. 26 155
CH. + i-C,H,, » 1.01+0.13 x 16°7  Ms, 26 133
s atlyo 009
6 x 10 MS,. 26 155
CH" + n-CgHy, + 300 1.09+0.01 x 10°°  ICR, 154 154
+ . L+ ; -9
CHg" + n-CeHy, > Celyy 300 1.31#0.03 x 10 ICR, 154 154
+ + -9
CHg" + C,DCD(CD)C,Dg » CeD) 5 300 2.2 x 10 R, 150 150
+ -9 .
CpHg" + n-Cghyg »+ 300 1.72+0.02 x 10 ICR, 154 154
CHg™ + C,H(T + R 300 1.0+0.2 x 107° MS, 136 Photoionization 156
C "+ CHNH, » 300 1.87 x 107° ICR, 76 115
C Hg" + CHiCN » 3.46+0.12 x 10°°  TI, 14 ‘0.4 eV ion exit energy 65
+ -9
CoHe™ + (CHg) ,NH + 1.88 x 10 ICR, 76 115
C,Hg™ + CDLCDO + 3.37+0.42 x 107 TI, 14 0.4 eV ion exit energy 65
CZH5+ + ¢-CD,CD,0 ~ 1.98+0.14 x 1079 TI, 14 D.4 eV ion exit energy 65
C2H5+ + CDL0CD; » 2.14+0.19 x 1072 TI, 14 0.4 eV ion exit emergy 65
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Table 1. Rate coefficients for reactions of hydrocarbon cations--Continued

Reaction T ~ k Method Comments Ref
+ y + -9 +
C Hg  + CDSOCDs > (CDSOCDS]H 1.87+0.30 x 10_9 TI, 14 CZH5+ from px;opane 110
2.35+0.25 x 10 TI, 14 CZH5 from H transfer to CZHA 110
. } - .
CHg" + CHyCOCH » 1.99+0.18 x 10 9 TI, 14 CZHS+ from H' transfer to C,H, 65
CZHS+ + CHzSOCH; ~ 408 4.3+0.4 x 107° MS, 11 0.71 eV jon exit energy 42
- 408 4.1+0.4 x 1(]_9 MS, 11 1.07 eV ion exit energy 42
cigt o wmg 2.00 x 1079 ICR, 76 115
Cz“s: + D0 » 4.0+0.8 x 10“10 MS, 71 72
CHg" + Hy0 > 6 x 107° MS, 26 45
CoHg" + Co, 1.4+0.1 x 107° TI, 14 111
- -
CZH6 + CZH6 - 189 2 x 10 10 MS, 147 Branching ratios depend on pressure, 149
energy, temperature
400 5 x 1()_11 _ MS, 147 Branching ratios depend on pressure, 148
cnergy, temperaturce ’
+ + + + + -
CoHg" + CpHg » Cglg”, Cglig", Cgilg™, CHg™, 1.01 x 10710 ICR, 149  Branching ratios depend on pressure,, 149
CH, energy, temperature
+ -
CHg + CoHe = 1.85+0.05 x 10 10 Branching ratios depend on pressure,
. energy, temperature
0.7-1.8 x 10-10 MS, 26 Branching ratios depend on pressure, X 35
energy, temperature
. 10" A
D" * €D 295 1 x 10710 MS, 136 Photoionization 157
+ : b) .
CZHG + CHSCOCHZCHZCHS + C5H100* 1.7 x 10 B, 74 0.3+0.3 eV ions 99
Cz“e: + HO > Hg0" 295 1.2 x 107° MS, 136 Photoionization 158
CoHg  + D0 1.240.4 x 107? MS, 71 Excess K.E. ions 23
C2H7+ + CH4 - CZI-IS+ k=8.3x 10‘8 exp(-10.5 kcal/RT) MS, S§3 153
CH' + CoHy > 1.6+0.6 x 107° MS, 26 35
+ + -10 +
C3H2 + CHZCCH2 > C4H3 310 5.48 x 10 MS, 16 CSHZ from CHZCCCH2 55
cqH," + CgHg - 1.120.2 x 1077 Ms, 16 CiH," £rom-coHg 35
CyH, + N » MO 6.0+0.6 x 10711 B, 74 Assumes k(CH," + CH,) = 1.1 x 107° 75
+ . -11 + .
C3H3 + 1'C4H8 > 4+2 x 10 MS, 16 (,‘3]-!3 from 1—C4H10 131
+ -9
(331-14 o+ C2H4 - 2.5 x 10 TI, 14 - 14
CSH4‘ + HCCCHy 1.55 x 1072 MS, 16 r:3H4+ from HCCCHy 125
CyH, " + HCCCHg + CoH, 310 2.0 x 10710 MS, 16 C4H, " from HCCCHy 55
+ + -10 *
C{D, + DCCCD; + CcD, 310 4.73 x 10 MS, 16 CSD4 from DCCCD3 55
cg, "+ HyCCCH, - 5.9 x 10710 MS, 16 C4H," from H,CCCH, 125
+ + -10 +
C3H4 + HZCCCH2 -+ C6H7 310 3.73 x 10 MS, 16 CSHA f'rom‘}-IZCCCH2 S5
+ -10 +
C:,,I-l4 + C3HB - 1.240.2 x 10 MS, 26 C3H4 from CSHB 35
CoH, " v -G Hg 1.8020.10 x 10710 ms, 16 C;H," from i-CyHy 131
C3H4+ + NO » NO¥ 1.8 x 10‘10 B, 74 C3H4+ generated in both CSHB’ (:-(33}-16 75
’ 2.8 x 10710 B, 74 CyH," generated in CH CHCH, 75
+ -10 +
C3H5 + C-C3H6 > . 3.0+0.3 x 10 TI, 14 CSHS from.c»Csl{b 159
+ + -25 . 5 . +
C3HS + 2C2U4 - C5H5D4 373 8.4 x 10 MS, 16 0.64 eV ion exit energy; C3H5 from 160
c-C,HBr
-25 35 +
373 4.6 x 10 MS, 16 0.96 eV ion exit energy; CSHS from 160
c-C.H.Br
-25 35 +
373 2.35 x 10 MS, 16 1.60 eV ion exit energy; CqHg from 160
c—C3HSBr
+ + -25 s : . +
CSHS + 2C2D4 - CSHSDA 373 14.1 x 10 MS, 16. 0.64 eV ion exit energy; C3I-l5 from 160
CH,CHCH, Bt
-25% 2 2 . +
373 7.1 x 10 MS, 16 0.96 eV ion exit energy; CzHg from 160
CHZCHCHZBr
373 3.4 x 10725 MS, 16 1.60 eV ion exit energy; CSH; from 160
CHZCHCHZBr
+ + -25 s 5 . +
) C3H5 + ZCZDd > C5H5D4 373 6.2 x 10 MS, 16 0.64 eV ion exit energy; CSHS from 160
CH,CBrCH .
-25 2 3 +
373 2.45 x 10 MS, 16 0.96 eV ion exit energy; C3H5 from 160
CHZCBTCH3
+
373 0.93 x 1072° MS, 16 1.60 eV ion exit energy; CgHg' from 160
CH,CBrCH;
- . . +
C3Hs+ + 20,0, » CSHSDJ 373 3.6 x 107%° MS, 16 0.64 eV ion exit energy; CgHy from 160
’ CHBTCHCH,
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Table 1. Rate coefficients for reactions of hydrocarbon cations--Continued
Reaction T k Method Comments Ref.
Cyg" + 2C,D, » CgHD," 373 - 2.1 x 107 2% MS, 16 0.96 eV ion exit energy; CyH* from 160
) CHBrCHCH
373 0.10 x 1072° MS, 16 1.60 eV ion exit energy; CZH; from 160
CHBrCHCH,
+ -10 +
CyHg* + CoHy 1.840.5 x 10 MS, 26 - CiHg" from C Hy 35
CoHg" + c-CyHy » 1.13 x 107° MS, 40 CgHg " from c-C Hy 132
CoH" + 1-C Hg » 1.05+0.08 x 10710 Ms, 16 CgHg" from i-CHy 131
CiHg" + n-CH ) > 5.0+0.6 x 10710 MS, 26 CoH,* from n-C H 133
CqHg* + 1-CyH o > 5.8+40.4 x 10710 MS, 26 CyHg" from i-C,H 133
+ + -10 +
CyHg" + CDZ0CDy » CDLOCD, 5.3+0.3 x 10 TI, 14 CoHig" from CqHg 110
+ ~ + -11 +
CoH" + CoHe » C Hg 300 3 x 10 ICR, 149 CgH* from CiHg 149
+ + + + + -10
Cyg" + CqHg > CgH, ", C4H,", CHy*, Colg 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 10710 MS, 136 11,7 eV photoionization 137
CsHg" + CgHg » C3H7+; o PN P T 7.80 x 10710 MS, 138 Error: "Within factor of 2.5 138
C.H
612 0
1.02 x 107 MS, 161 I 161
+ + + + + -10 +
Cyllg! + Cgllg > CaHy ", Cyiiy ", CyHg*, Cgiy* 786 x 070 MS, 95 CyHg' from CH 162
CsDg + C3D6 + C4D, : C4D5 s C4DB » CgDg 300 7.8+0.4 x 10 MS, 136 10.0 eV photoionization 137
CeD12 10
" 300 6.1+40.3 x 10 MS, 136 11.7 eV photoionization 137
+ ) + + + + -10 + -9
cgDg" + gD » €50, €,D,", C,D,", CoDg 8.1:0.2 x 10 TI, 14 Assunes K(CH," + CH)) = 1.2 x 10 14
) ) 6.28 x 10 MS, 95 C3D6 from C3D6 162
CqH " + Dy ~ Cope*, cop,* 3.35 x 10711 MS, 05 cltg* £rom calig 161
CgHg" + n-CyH ) 4.9+0.5 x 10710 MS, 136 CyHg" from n-C,H o 163
5.1+¢1.1 x 10710 Ms, 26 CH" fFrom n-CH) 133
CyHg" + CD4CD,CH,CHy + C,D,H," 4.09 x 10710 MS. 95 C5H," from C,H, 162
CyHg® + CD3CH,CH,CDy > C,DcH, " 4.04 x 10710 MS, 95 CyHg " from CgHg 162
+ + + -10 + .
CyHg" + n=CyDyg » CDg* (908), C,Dy* (10%) 3.2 x 10 MS, 95 CyHe" from CyH 162
CyDg" + n-CyDyo » C Dy (100%) 295 4.420.5 x 1071%  mMs, 136 ;D" from C,D, 136
c3D6* + n-C,Hyo > C4H8+(88’a), c4ng*(1z%) 4.45 x 10710 MS, 95 c31>6+ from CyD, 162
Cyg" + 1-CyH o » 205 4.9+0.5 x 10710 MS, 136 CgH* from i-C,H; g 163
6.7+1.0 x 10710 MS, 26 CiHg" from i-C H | 133
CaHg" + i-CoHyy » CHy*(318), C,H,*(69%) 3.97 x 10710 MS, 95 € He  from CgH, 162
CqHg™ + 1-CyDy g » C,Dp*, C,Dg" 295  4.6+0.5 x 10710 MS, 136 CyHg' from CH, 136
Cgg' + i-CyDyg » C,Dg" (338), ,Dy" (67%) 4.3 x 10710 MS, 95 Cyg" from CoH 162
CDg™ + i-CpHy g + C,H " (43%), CH"(57%) 205 4.2:0.4 x 10720 MS, 136 CyDg" from C;D¢ 136
C D" + i-CyH o > C,Hg " (318), C,H,"(69%) 4.56 x 10710 Ms, 95 €,D" from C,D, 162
+ + + -10 +
CiDg" + c-CeHyy + CoHg*(978), CoHy* (39) 300 9.1+0.9'x 10 MS, 136 C5D" from C;D, 136
+
Cgg + n-CgHyy 300 7.9+0.8 x 10720 M5, 136 CgHS' from n-CH, 163
gD + m-CgHy, » CoH  *(96%), CoHy " (4%) 300 8.240.8 x 10710 MS, 136 CyDg" from CyD¢ 136
CHg" + i-CHy, » 300 7.6+0.8 x 10710 MS, 136 CgH.* from i-C(H,, 163
. + + -10 +
C3Dg" + i-CgHy, » CeHy o (61%), CoHy *(398) 300  7.9+0.8 x 10 MS, 136 C3De" from €D 136
€yD,* + CHLOH » CH,OHD® 300 1.0+0.4 x 107° MS, 136 D" from C.D, 164
csﬂs" + CD,0CD4 » (c1)30cn3)ﬂ+ 1.33+0.05 x 107° TI, 14 C3H6+ from C.Hc 110
+ + -10 +
CyDg" + NHg > NHgD 300 9.4+0.4 x 10 MS, 136 cyDg" from €D 164
CgHg" + NO + NO* 3.85:0.4 x 10710 B, 74 Assumes k(CH," + cH,) = 1.1 x 107°
CSDG' + NO » NO” 4.0+0.4 x 1071° B, 74 Assumes k(cu4* *+.CHy) = 1.1 x 107°
c-CSH6+ + c-C:,,H6 > 300 2.240.2 x 10'10 MS, 136 10.0 eV photoionization of C'CSHG 137
300 2.2+0.2 x 10710 MS, 136 11.7 eV photoionization of c-CyHg 137
300 1.5+0.5 x 10710 TI, 14 c-CgHe" from c-CyHg 159
1.1450.24 x 1077 Ms, 138 c-CqHe” from c-CgH 138
-10 +
1.1 x 10 MS, 95 C'CSHG from c:-CsH6 162
+ . + p + . —10 . + -
c-CgHg" + n-CDy o + C,Dy " (683), C, Dy (328) >1.87 x 10 MS, 95 c-CyHe" from c-CyHg 162
+ . + -10 +
C'CSH6 * 1-C4D10 - C4D9 (>97%) 1.46 x 10 MS, 95 c-CSH6 from c-C‘..,H6 162
c-CyD¢* + NHg > NHgD®, CD,H,N", cD,NH " 295 9.4+0.4 x 10710 MS, 136 10.6 eV photoionization of c-CyDg 164
* NHgD®, CDH,N", D NHL" 295 9.3+0.3 x 10710 11.6-11.8 eV photoionization of c-CsDg 164
c-CgH.* + NO + NO¥ 3.0 x 10 ° B, 74 c-C4Hg" from c-C4He 75
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Table 1. Rate coefficients for reactions of hydrocarbon cations--Continued

Reaction T k Method Comments Ref.
sec-CDH," + CD,CH,CD; ~ : 341 x 10711 TI, 14 C4DgH," from CDCH CDy 112
300 1.2+0.1 x 10710 ICR, 154  sec-C,DH," collisionally deactivated 154
sec-CgH, "+ i-CyHg » 5.8+0.2 x 10710 MS, 16 sec-CgH," from i-C,Hy 131
4.6 x 10'10 MS, 40 calculated from cross section (ref. 131) 165
sec-CgH, " + n-CyH ) » CHY 300 5.6+0.2 x 10720(%) ICR, 154  sec-C;H,", collisionally deactivated 154
300 4.4 x 10710 MS, 136 sec-CgH, " from n-C,Hj, 163
450 4.0 x 10710 MS, 26 sec-CoH," from n-C,H 166
450 3.9+0.3 x 10710 MS, 26 sec-CiH," from n-C,H, 133
sec-CH," + i-C,H o + C,H," 300 4.2+0.2 x 107 20(%) ICR, 154  sec-C.H.," collisionally deactivated 154
3tz aflyo ~ G4y 0.2 x1 _ sty
300 3.3 x 10 MS, 136 sec—C3H7 from i—C4H10 163
450 4.0 x 10710 MS, 26 sec-CgH," from i-CyH 166
450 4.0+0.3 x 10710 MS, 26 sec-CgH," from i-C,H 133
sec-CoH,* + n-C.H,, » CoH,.* 300 8.3+0.3 x 10710 ICR, 154  sec-C.H.," collisionally deactivated 154
37 52 s s o 3y
300 5.2 x 10 MS, 136 sec~C3H7 from n-CSle 163
sec-Cql, " + i-CgHy, » CoHy " 300 4.7 x 10710 MS, 136 sec-CgH," from i-CiH), 163
sec-CgH,* + neo-CgHy, » CHy ™ 300 2.6+0.2 x 10710 ICR, 154  sec-CqH," collisionally deactivated 154
sec-CgH, " + n-CgHy, + CoHys” 300 1.10#0.02 x 1077 ICR, 154 sec-CgH," collisionally deactivated 154
sec-C.H," + n-CoH o » CoH,," 300 1.48+0.05 x 1072 ICR, 154 sec-C.H,* collisionally deactivated 154
sty gfl1s > CgMyy hd 3ty
sec-C,H toy (CH.) ,CHCH(CH,)CH(CH,), » C,H M 1.45+0.12 x 10_-9 ICR, 154 sec-C.H.* collisionally deactivated 154
3y 3)2 3 32 > Cghlyg b 3ty
sec-CgH, " + CHNH, » . 300 2.25 x 10°° - ICR, 154 sec-CyH,” from n-C,H;, 115
sec-CgH, " + (CHg) ,NH » 300 1.64 x 1077 ICR, 154 sec-CH,” from n-C4H; o 115
sec-CgH,” + CDOCD; » (CDL0CD M 1.2420.15 x 107°  TI, 14 . sec-CgH," from CHg 110
sec-C,H,” + NH, » 300 1.95 x 1077 ICR, 154 . sec-C.H," from n-C,H 115
sty 3 3ty afp .
sec—C3H7* + D,0 3.740.8 x 10—10 MS, 71 Reactant ions translationally excited 72
Colg" + 2C5Hg » (CHg)," 300 3.6+1.0 x 10720 MS, 136 Photoionization 167
CyHg ™ + n-CyH o > CyH o7 300 1.17+0.10 x 1077 ICR, 154 csﬂg‘ from C.Hg 168
CHig" + -y o v Oy 300 1.20+0.10 x 1077 ICR, 154 CgHg" from CiHg 168
CgHg* + CDL0CD; + (CD;0CDLIH" 1.85+0.08 x 107°  TI, 14 CyHg" from CgHy 110
CaHg" + 1,0 » Hy0" 300 1.4 x 1077 MS, 136 Photoionization 158
CSHB+ + DZO - 1.340.3 x l(f9 MS, 71 C.-,‘HS+ translationally excited 72
C.H," + NO » NO' . 3.0 x 10719 B, 74 Assumes k(CH,* + CH,) = 1.1 x 1078 75
Csna" + NO : 3.8 x 10710 R, 74 Assumes k(CH," + CH;) = 1.1 x 1079 75
CHy" + CyHg » CyHy” 300 1.0 x 10710 ICR, 149 CgHy" from C,HY + C H, 149
c i, + CH, » 1x 10710 TI, 14 CgH," from C,H," + C,H, 14
C " % CH, » C it 295 2.3:0.3 x 10710 71, a7 C,Hy" from CH," + C,H, a7
C4H2+ + C2H4 > 7.0 x'lO'10 TI, 47 C4H2+ from fragment ion reactions in (32H4 14
CyHy" + CgHg » CoH," 4.73 x 10710 Ms, 82 CyH," from CgHg 83
Cylly" ¢ CyH, - CoH 295 3.6 x 10 1% T, 47 CgHs"™ from C,H," + CoH, a7
C .t - CoH, 2.6 x 10710 TI, 14 C,H,* from fragment ion reactions in C,H, 14
43 274 i 473 & 274
Coiy" + i-CyHy + 9.3+0.6 x 10710 S, 16 C4Hy" from i-CHy 131
CoHo "+ ClHg » €' 1.95 x 10710 Ms, 82 CyHy" from CoH, 83
CoHy "+ 1-CyHg » 6.7+0.4 x 10710 S, 16 C4H," from i-C,H, 131
e, "+ CH » CoH,* 3.62 x 10711 MS, B2 c,i,* from C.K 83
afly + Cgllg > Colly kS g 616
Cyl," + CgHg » CoHg 440 5 x 10 MS, 26 CyHy " from CeHg 169
CyHig" + 1-CyHy » 1.2+0.2 x 10710 MS, 16 CyHg" from i-C,H, 131
CHg" + 1-CyHg » 750004 x 10710 ms, 16 C4H" from i-CyHy 131
CyH, "+ 1-CyHy - 450 6 x 10710 MS, 26 C4H, " from 1-C,Hg 166
Cot v 2-CHy 450 3 x 10710 MS, 26 C4H," £rom 2-C,H, 166
CyH, "+ i-CHy 3.7+0.2 x 10710 MS, 16 Cyi," from i-CyHg 131
3.6+0.2 x 10710 B, 74 C4H," from i-C,Hy 165
CyHg™ + CyH, » CgHp," 2 x 10 12 MS, 52 CyHg" from C,H," + C,H, 144
C,H," *+ n-C,H,, » Products other than C,H," <1 x 10712 MS, 26 C,H," from n-C,H 133
Mg aflp aHg afg o
C,H,* ¢ i-C,H,, » Products other than C,H,* 2.1+0.3 x 10710 MS, 26 c B,* from i-C,H 133
4ty atho t 4Hg ha 4y a0
* - o 11 * - 163
C4H8 +n CSHIZ 4 x 10 MS, 136 C4H8 from n CSHIZ
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Table 1. Rate coefficients for reactions of hydrocarbon cations--Continued
Reaction T k Method Comments Ref.
+ . -11 + -
CyHg" + i-CgHy, > <5 x 10 MS, 136 CyHg" from i-CoH, 163
C g+ c-CeHy, » 7 x 10711 MS, 136 CyHg" from c-CeHy, + c-CyHy 170
C g™ + No > o 1x 1077 MS, 136 C " from c-CeHy,™ + c-C Hy 170
I—CAHB‘k + 1‘CaHa - 300 6.0+0.5 x 10_10 MS, 136 Photoionization 171
1-g,lg* « NO - NO¥ 1.9 x 10710 B, 74 Assumes k(CH," + CH,) = 1.1 x 107° 75
2-C Hy" + cis-2-CoHy » 3.7+1 x 10711 MS, 136 Photoionization 171
2-CHg" + c-Cghyg » 300 <4 x 10717 MS, 136 Photoionization of 2-C,Hg 136
+ -
Z—C4H8+ + c-CSHgCH3 - C6H10 (100%) 300 3.9 x 10 10 MS, 136 Photoionization of 2-C4H8 136
N .
2-CyHg" + c-CoHoCHy 300 5 x 10710 MS, 136 Photoionization of 2-C,Hg 170
+ + -
2-C,Hg" + NO » NO 1.0 x 10”11 B, 74 2-C Hg" from trans-2-C,Hg 75
+ . + -
2-C,H,* + XO - NO 1.3 x 10711 B, 74 2-CHg" from cis-2-C4Hg 75
. + . . .
1 Hy" ¢ i-CHg > 5.2+0.4 x 10710 Ms, 16 i-CyHg" from i-C Hy 131
300 5.4 +0.4 x 10710 ms, 136 Photoionization of i-CyHy 171
. + . -
1-C,Dg" + i-CDy 300 5.4+0.4 x 10710 MS, 136 Photoionization of i-CyDg 171
1-L'4H8+ + C-CgHgCHy céﬂw*, C6H11* 500  7.9+0.8 x 10710 MS, 136 Phutvivnization vl i-C,llg 136
. + . - -
1-C,Hg" + No - NO' 2.3 x 10711 B, 74 Assumes k(CH,® + CH,) = 1.1 x 10 9 75
+ -
c-C{HCH, " + c-CyH CHy 300 6.0+1 x 10711 MS, 136 Photoionization 171
C~(.'41'18+ + (:‘(_,SHQLH..5 - 300 6.3+0.7 X 10-1O MS, 136 C-C4HB* Trom L-C4H8 170
. + - -10 + -
c C4H8+ + (CHg) ,CHCH,CH,CHy 3000 3.640.4 x 10 MS, 136 c-CyHg" from c-CyHy 170
+ .
c-CyHg" + (CHg) N » (CH) N 300 3.2+0.4 x 1077 MS, 136 c-C,Hg" from c-C,Hy 170
_ + + -9 +
[ C4H8 + NO -+ NO 300 1.07+0.1 x 10 MS, 136 c—C4H8 from c»C4H8 170
+ -
c-CyHg" + NO + c-CyHg > C,HNO 300 2.5+0.8 x 10723 MS, 136 c-CyHg" from c-CyH, 170
+ -10 + -
CyHgt + CoH > 450 3.2 x 10 MS, 26 C4Hg" from n-C/H 166
+ - . -10 +
CiHg' + 1-C,Hg 450 5.7 x 10 MS, 26 CyH' from n-CyH o 166
+ . -
CHy" + i-CyHy > aso 5 x 1071 S, 26 CyHy" fFrom n-CyH; o 166
Cyty" + n-CHyg » 450 <7 x 10713 MS, 26 CHy" £rom n-CyHy 133
CqHlg" + 1-CgHyg » 450 7.0 x 10710 MS, 26 C,Hy' from n-C,Hyg 166
sec-CyHg" + n-CgHyy » CgHyy” 300 3.7+0.4 x 10710 MS, 136 € Hy" from n-CeHy, 163
sec-CyHy" + i-CgHy, » Cohyy” 300 3.8+0.4 x 10710 MS, 136 CyHg" from i-CeHy, 163
sec-C4H9+ + C—C6H12 - C6H11+ 300 1.0 x lOAg R, 172 Radiolysis 172
sec-C,H,* + n-C.H,, ~ C.H, . 300 7 x 1070 R, 172 Radiolysis 172
a9 614 > CeHyz
+ N -10 + .
t-CyHg' + CgHg 450 1.4 x 10 MS, 26 CqHy' from i-CyHpg 166
+ -10 t s
t-CyHg" + 1-C4Hg > 450 2.7 x 10 MS, 26 CyHig' from i-CyHyq 166
. -9 + .
t-CHy" + tr-2-CyHy + 450 4 x 10 MS, 26 CyHg' from i-CyHpo 166
+ . + -9 + .
t-CeHy' + 1-CyHg » CoHy, 450 7 x 10 MS, 26 € Hy" from i-CyH o 166
+ . ~-313 + .
t-C4H9 + 1—C4H10 - 450 <1 x 10 MS, 26 C4H9 from 1>C4H10 133
t-CyHy' ¢ (CHg),CHCHg » t-CeHyy” 190 5.21 x 10731 MS, 147 t-C Hy" collisionally deactivated 147
262 2.75 x 1074 MS, 147 t-C,H," collisionally deactivated 147
220 1.4 x 10'11 MS, 147 r-(‘.qﬂ; collisionally deactivated 173
328 1.56 x 10711 MS, 147 t-C,H," collisionally deactivated 147
358 1.27 x 10711 MS, 147 t-C,Hy" collisionally deactivated 147
385 8.5 x 10712 MS, 147 t-C,Hy" collisionally deactivated 147
388 7.8 x 10_12 MS, 147 t-CdH; collisionally deactivated 147
389 7.3 x 10712 MS, 147 t-CHg" collisionally deactivated 147
470 3.6 x 10712 MS, 147 t-C4H9* collisionally deactivated 147
520 4.0 x 10712 MS, 147 t-CyHy" collisionally deactivated 147
570 2.3 x 10712 MS, 147 t-C,Hy" collisionally deactivated 147
640 1.7 x 10712 MS, 147 t-CHy" collisionally deactivated 173
t-CyHy" + c-CoHgCHy > 300 2.3 x 10711 R, 174 Assumes k(t-C,Hg" + 2-methylheptane) 174
=5.3x 10!
300 2.7 x 10731 R, 175 Assumes k(t-C,Hy" + 2-methylheptane) 175
- 5.3 x10° 1 A
t-CHy" + n-CeHy, » ety o” 300 3 x 10713 R. 174 Assumes k(t-C,Hy" + 2-methylheptane) 174
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Table 1. Rate coefficients for reactions of hydrocarbon cations--Continued
Reaction T k Method Comments Ref.
. -10 +
t-C4Hg + t-C, HGOH ~ 300 8.9 x 10 ICR, 62 t-C,Hy  from t-C,HyOH 178
t-C,Hy" + CgH CH,0COCH, » 300-400 1.1 x 10°° MS, 116 k independent of T(300-400 K) 116
t—C4H9+ + NHy =+ 300 1.16 x 1077 ICR, 76 t-C,Hg" from neopentane 115
: 300 9.1 x 1010 ICR, 76 t‘C4H9+ from neopentane 176
300 9.7 x 10710 ICR, 76 t-CyHy" from n-CyHyCl 176
300 1.40 x 107° ICR, 76 t-CyH " from (i-CyHg" + i-C,Hy) 176
+ + -10 . +
€D4CD,CD,CH, " + c-CyHy » C,H, 300 7.040.2 x 10 ICR, 154  CD4CD,CD,CH;" from n-CD4CD,CD,CHy 168
+ + -10 +
€D4CD,CD,CH," + c-CeHyy » CoHyy 300 5.8+1.0 x 10 ICR, 154  CDyCD,CD,CH," from n-CD4CD,CD,CH, 168
* + -10 +
CD4CD,CD,CH " + n-CeHy, » CoHy," 300 7.1#0.5 x 10 ICR, 154  CD4CD,CD,CH;" from n-CDCD,CD,CHy 168
y + N } + -10 +
CDLCD,CD,CH, ™ + n-CeHy, > CeHy, 300 9.4+0.8 x 10 ICR, 154  CD4CD,CD,CH," from n-CDyCD,CD,CH, 168
Ca . + -10 +
| CD4CD,CD,CH," + n-C Mg+ CoHyg 300 10.540.7 x 10 ICR, 154" CDyCD,CD,CH" from n-CDyCD,CD,CH, 168
CDSCDZCDZCH; + n-CgHyg » C8H16+ 300 13.5+0.5 x 10710 ICR. 154 (‘,ns(‘.r)zcnzm-|5+ from n-CNCN,CN,CH 168
+ + S100 an +
€D4CD,CD,CH; " + n-CgH, 0 > CgHyo 300 13.1#0.5 x 10 ICR, 154 . CDyCD,CD,CH;* from n-CD,CD,CD,CH, 168
n-C,H, "+ 200 » H' (H,0) 300 4+1 x 10725 MS, 136 n-C,H, " from n-C,H 158
atho, 2 ) l 10 afyo 4o
n-CyH) "+ Hy0 , 300 3.9 x 10710 MS, 179 Pressure of H,0 varied 179
300 4.1 x 1070 MS, 179 Temperature varied 179
n—C4H10+ + D0 + 1.640.5 x 107° MS, 71 Ions translationally excited 72
n-CyHy "+ NO > NoO¥ 3.6 x 10710 B, 74 Assumes k(CH," + CH,) = 1.1 x 10 75
; * . sbo - ot . 1025 ) + s o
J.'CAHIO 4”20' 11 (HZO)Z 300 142_0.2 X 10 MS, 1396 1 C4H10 from 1 L4H10 158
i-CyH "+ HyO 300 3.0 x 1010 MS, 179 Pressure of H,0 varied 179
_ 300 4.4 x 10710 MS, 179 Time varied : 179
CH,™ + c-CH, » C . H,* 5.83 x 10711 MS, 82 H,t £
53 676 1177 . X s CgHy Tom CHg 83
+ - o+ -10 +
CeH, "+ c-CeHyg > Cp Hy, 300 2.5:0.3 x 10 MS, 136 CgH, " from c-CgH g 180
+ + -
CHg" + c-CgHg > CHOT(55%), CpgHy*(458) 300 6.0 x 10 10 MS, 136 CHg™ from c-CeHg 181
c-CeHy o+ H,0 > 300 9.5 x 10711 MS, 179 Pressure varied 179
300 5.0 x 10711 MS, 179 Time varied 179
+ * -26 +
c-Cglyg” + 2H0 » H'(H,0) 295 5+1 x 10 MS, 136 c-CgHg" from c-CgHy 158
R I 190 0.3 x 10713 MS, 147 t-C;Hy, " from isopentane 147
262 1.8 x 10713 MS, 147 t—CSH11+ from isopentane 147
328 3.8 x 10713 MS, 147 t-CcH ;" from isopentane 147
358 4.4 x 10713 MS, 147 t-CHy " from isopentane 147
385 4.6 x 10713 MS, 147 t-CcH ;" from isopentane 147
388 4.1 x 10713 MS, 147 t—CSHn* from isopentane 147
389 3.9 x 10713 MS, 147 t-C¢Hy 1" from isopentane 147
470 3.9 x 10713 MS, 147 t-C;H ;" from isopentane 147
520 6.1 x 10713 MS, 147 t-C;H " from isopentane 147
s70 5.0 x Lo 13 MS, 147 t-CSH11+ from 1sopentane 147
+ + -10 + )
t-CHyy " + CHNH, » CH NH, 300 9.1+1.4 x 10 ICR, 46 CgHyy " from n-CgH),C1 176
+ + -10 +
t-Cgyy " + NHy + NH, 1300 6.5¢1.0 x 10 ICR, 46 Ceyp " from n-C(H Cl 176
. + . + -0 - F
n~L5H12 + L3U6 + LSHIO 300 l.b:U.Z X 10 MS, 136 136
n-CgHy," + 20,0 - H'(H,0), 300 4.6+0.5 x 10720 MS, 136 158
n—Csﬁlz+ + DZO > 2.0+0.6 x 10'9 MS, 71 Ions translationally heated 72
:'L-l:SHI_z+ + CgHe - C5H10+(SO%), C5H9+(SO‘%) 300 1.040.2 x-1077 MS, 136 i-C5H12+ from isopentanc 136
. + + . + -10 . + .
1-CSH12 + c—C3H6 - C5H10 (10%), CSHgv(QO%) 300 6.0+2 x 10 MS, 136 i C5H12 from isopentane 136
i-CgHy,t + 2H,0 + BT (H,0), 300 1.5 x 10726 MS, 136 i-CgH," from isopentane 158
* + + -10 N
CeHy "+ CeHg + Cppliyg”s C Hg 141 x 107 MS, 82 CgHy. from c-Cehg 83
- ClZHl(J 1.27 x 10 MS, 82 CGHA from c:»CBH6 . 182
+ + + -10 +
Cey "+ CgHg = CpoHigts CpoHg 295  5.5+1.6 x 10 MS, 183 CgHy! from Cgilg, 30 oV electrons 183
: 295 4.5+1.3 x 10" MS, 183 CeH," from CeHg, 50 eV electrons 183
+ + + + -10 + .
Cels™ + CeHg = Cpofiy " CppHg™s € oHg 1.97 x 10_10 MS, 82 CgHy from Celg 83
: 3.66 x 10 Ms, 82 Cf‘H5 from C6H6 182
+ T+ + + -10 + .
Ces™ + CgHg > CpoHiq ™y CppHg™s €y oHg 295 5.05:1.5 x 10710 WS, 183 CgHls” from Cgilg, 20 eV electrons 183
295 5.07+#1.5 x 10 MS, 183 CeHs" from CcHg, 30 eV electrons 183
295 7.09+2.0 x 10710 us, 183 CeHg' from CeHe, 50 eV electrons 183
cH " +cH, »cC o H .t 295 7+2 x 10712 MS, 183 CH.* from C.H., 20 eV electrons 183
e 6l ~ C12fl12 s 11 66, 66
295 1.2+0.4 x 10 MS, 183 C6H6 from C6H6’ 30 eV electrons 183
295 1.3+0.4 x 10711 MS, 183 CeHg" from CeHg, 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" + (CHy),CHCH,CH,CHy » CeH.* 300 1.7 x 10711 R, 174 Assunes k(t-C4H9+_+ 2-methylheptane) 174
= 5.3 x 10
300 1.5 x 10”11 R, 175 Assumes k(t-Cyllg* 1 2 mothylheptanc) 175
= 5.3 x 10711 :
t-CyHg' + C,HGCH(CH)CHg » CeHy " 300 1.1 x 10711 R, 174 Assumes k(t-C,Hg" ;| 2-methylheptane) 174
=s.3x 107t
©-C,Hg" + (CHy) ,CHCH(CHy), > 300 2.3 x 10711 R, 174 Assumes k(t-C,Hg" + 2-methylheptane) 174
=5.3x 10710
300 2.1 x 10'11 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 107! R, 174 Assumes k[t—C4H9+_f 2-methylheptane) 174
v = 5.3 x 10 :
+ -
t-CyHy" + CHyCH,CH(CH;)CH,CH,CH, » CoH, . 300 1.95 x 10711 R, 174 Assumes k(t—CAHq+_;1 2-methylheptane) 174
= 5.3 x 10
+ . N -
t-CqHg" + (CHy),CHCH,CH(CH), » C,H, ;" 300 8.9 x 10712 R, 174 Assumes k(t—C4H9+';1 2-methylheptane) 174
CHy) = 5.3 x 107
t-CyHg" (CpHg) sCH » Gony 500 1.1 % 107" R, 174 Assumes k(t-C Hg" 3, Z-meEnyIneptanc) 174
= 5.3 x 10°
t-CyHy" + (CHg) ,CHC(CHy) 5 + CoH, " 300 1.4 x 10711 R, 174 Assumes k(t-C,Hy* + 2-methylheptane) 174
= 5.3 x 30711
- * = b X -9 +
t-CyHy" + CH, = C{CH)CH,C(CHg); ~ 450 1.3 x 10 MS, 26 CeHg" from n-CyH g 166
t-CyHy" + (CHy),CHCH,CH,CH;CH,CHy » CgHy,* 300 5.3:0.3 x 10712 ICR, 154  t-C,Hy" from neopentane 154
t-C4Hy" + CH{CH,CH(CH,) CH,CH,CH,CH, + CgH,,* 3.9+0.5 x io'“ ICR, 154 . 154
300 3.6 x 1071 R, 174 Assumes k(t-C,Hg* + 2-methylheptane) 174
= 5.3 x 10711
t-CyHy" + (CHy) ,CHCH(CH3)CH,CH,CH; » CgH " 300 5.5+0.6 xllﬂ_ll ICR, 154  t-C4Hy" from ncopentane 154
300 4.6 x 10711 R, 174 Assumes L(t GyHg" + 2-mothylhoptano) 174
= 5.3 x 10711
t-CyHy" + (CH3),CHCH,CH(CH)CH,CHy » CoHp % 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-C,Hy' + 2-methylheptane) 174
< 5.3 x 10711
t-CyHy* + (CH),CHCH,CH,CH(CH;), » 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* + 2-methylheptane) 174
=5.3x 10711
t-C, Hy* + CH,CH,CH(CH,)CH(CH,)CH,CH, + C_H 2.6 x 10711 R, 174 Assumes k(t-C,H," + 2-methylheptane) 174
4ty 3¢, 3 3) CHyCHy ~ Cy g 7,
= 5.3 x 10 ,
t-C,Hy" + (CHy),CCH,CH(CHg), + C.H " 300 2.5 x 10712 R, 174 Assumes k(t-C,H,* + Z-methylheptane) 174
4Hg 3)3CCH, 302~ CgHyy o T
= 5.3 x 10
t-CyHg" + (CHg) ,CHCH(CH;)CH(CHy), » CgH " 300 1.320.2 x 1071 ICR, 154  t-C,Hy" from neopentane 154
300 1.1 x 10711 R, 174 Assumes k(t—CilHQ& + 2-methylheptane) 174
= 5.3 x 10711
t-C4H9+ + CH:,)NH2 > 300 1.31+0.20 x 10'9 ICR, 76 t-C4H9+ from neopentane 176
300 1.20+0.18 x 10°°  ICR, 76 t-C,Hy" from n-C,HgCl 176
300 1.43+0.21 x 1077 ICR, 76 t-CyHg' from i-CyHg' + i-C Hg 176
300 1.3*0.1 X i0° M5, 136 L'C4H9+ from nevpeniane 177
300 1.31 x 107° ICR, 76 t—C4H9+ from neopentane 115
1.3040.15 x 107°(%) t-CHy" from neopentane
t-C,Hy" + (CHg),NH » 300 1.2+0.05 x 1077 MS, 136 t-C,H," from neopentane 177
300 1.09 x 107 ICR, 76 t—C4H9+ from neopentane 115
t-C H" + (CHy) N » 300 1.240.1 x 107° MS, 136 t-C,Hy" from neopentane 177
t-CyHy" + (C,Hg) ,NH 300 1.18+.18,1.23+.18 ICR, 76 t-C,Hy" from neopentane 176
’ x 10°°
300 1.38+0.21 x 1070 ICR, 76 t-CyHg" from (i-C,Hg" + 1-CoHy) 176
+ + -9
B 173
£-CyHlg" + (CyHg) N > (CpHg) (N 320 1.6 x 107 MS, 147
640 1.6 x 10 MS, 147 173
t-CyHy" + 2CHLOH » H' (CH;OH) , 300 3.6+1.5 x 10728 MS, 136 t-C4Hly" from neopentane 177
R . L -11 et 177
t-C,‘H9 + CH3CH0 - C4H9CH3CHO 300 4.2+0.5 x 10 MS, 136 t C4H9 from neopentane
t-C,Hy" + CH;COCH, » H'(CH;COCH;) 300 1.1:0.1 x 10°°. NS, 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.
CHY ¢ CH, » CLH, LY 440 7 x 10712 MS, 26 C.H.* from C M 169
eflg, * Celle » Crafp2 : x 1o . éHe, from CeHg
CeHg" + CgDg > CgDg 300 4.8 x 10 B, 74 CeHg' from CeHg - 184
Ceg' + 2CeHg + (CeHg)," 300 1.2+0.25 x 1072°  ICR, 76 CeHg" from CeHe 185
Ceg + 2CgH, + (CeHel," 295 1.9+0.3 x 10725 MS, 136 CeHg® from CeHe 186
CeHg™ + CgHg * He » (CeHe)," 300 0.4+0.2 x 10726 ICR, 76 CeHg from CeHe 185
T Ne » (CgHg), 300  0.0+0.6 x 10726 ICR, 76 CeHg™ from CeHg - 185
+ Ar - LC6H6)2+ 500  0.7+0.5 x 107 /% ICR, 76 CGHS* from CgHg 185
+ Kr » (CgHg)p" 300 1.1+0.3 x 10726 ICR, 76 CgHg  from CgHg 185
+ Xe + (CgHg)," 300 1.6+0.6 x 10726 ICR, 76 Cg" from CHg 185
+ + -25 N N
C6D6 + 2C6D6 - (C6D6)Z 295 5.26+1.5 x 10 MS, 136 k varies with T 186
+ -11 + -
c-CgHg" + c-CgHyg 300 3 x 10 MS, 136 c-CeHg" from c-CeHy 180
+ + o + -10 - + .
c-CeHy "+ c-CeHyg + €y Hyo" (853), CeHy 300 4.8 x 10 MS, 136 c-CgHy " from c-CgHyg 180
C5H7C}{3+ + l-methylcyclopentene - C6H8+’ 300 5.2+0.6 x 10710 - MS, 136 C5H7CH3+ from 1-methylcyclopentene 181
68,7 .
Celly
CSH7CH3+ + 3-methylcyclopentene -+ C6H8+, : 300 4.6+0.5 x 10‘10 MS, 136 CSH7CH3+ from -3-methylcyclopentene 181
. +
Cetlg
C5H7CH3+ + 4-methylcyclopentene ~+ C6H8+, 300 5.2+0.6 x 10'10 MS, 136 C5H7CH3+ from 4-methylcyclopentene 181
+
CeHg .
C.H,.* + NO » C.H  NO* 300 1 x 10710 MS, 136 NI -C H 187
betip T 6711 x , c-Lgiyy  From c-Lghya
c-CeHly,t + T,0, + 300 B.4:2.0 x 10720 ms, 136 c-CgHy," from c-Cely, 136
+ + + -9 +
c-CgHy, "+ CoHy » CeHy " (67%), CeHp " (33%) 300 1:0.2 x 10 MS, 136 c-Cgy," from c-CeHy, 136.
+ + -13 +
C'CéHlZ + CZH4 - C8H16 8 x 10 MS, 52 c—C6H12 from c-C6H12 144
c-Cghy, *+ CgHg » Coflyg” 1.3 x 10710 MS, 138 Error: "Within a factor of 2.5" 138
+ + N + -9 _ + _
c-CeHy," + €gDg » Cghiyy T (103), CHy (" (90%) 300 2.7 x 10 MS, 136 c-Cefly,t from c-CeHy, 136
+ + + . -9 +
c-Cgiy, "+ c-CgHg > CoHy " (85%), CoHy T (15%) 1.2 x 10 MS, 136 c-CgHy," from c-CeHy, 136
+ + -9 +
c-CgHy, " + 1-CyHg » CgHy " (295%) 300 2.1 x 10 MS, 136 c-CgHy," from c-CgHy, 136
. + .. -10 - * N
C“CGH].Z* + c—C4H8 - C4HB+ 300 7.7°x 10 10 MS, 136 c C6H12+ from ¢ C6H12 170
e-Cely, " * e-Cyly + CyHg 300 6.1+0.7 x 10 ICR, 154  c-CcHy," from c-CeHy, 168
+ + -10 +
c-CeHy," + c-Ceby, + gDy, 300 1.5 x 10 ICR, 154 c-CgH;," from c-CH,, 168
+ + -10 +
c-CeHy, " + (CHg) 4CC,Hg + CgHyy 300 2.3+0.2 x 10 ICR, 154  c-CgHy," from c-CgHy, 168
+ + -27 +
c-CgHy, " + 2H,0 » H'(H,0), 300 5+1 x 10 MS, 136 c-CgHy," from c-CgHy, 158
+ + -10 . +
e-Cdy,t + c-CeHy, » Cghiyy 300  3.8+0.3 x 10 ICR, 154  ¢-CgDy," from c-CgDy, 168
+ . . - + -10 . . + ~ .
C'C6D12 + C'LSHQLHS Bl Lﬁle SUV L.4:U.§ x 1u 1CK, 154 C~L61)12 from C'L6U12 168
+ + -10 +
c-CgDy," * CoHCCH{CHL)C He > CeHy s 300 3.3+0.3 x 10 ICR, 154  c-C¢Dy," from c-CgDy, 168
* + -10 +
c-CDy, " + (CHg)(CC,Ho > CoHyy 300 4.0+0.3 x 10 ICR, 154  c-CgD;," from c-CeDy, 168
+ + -10 +
c-CgDy," + (CHg) ,CHCR(CHL), ~ Coyy 300 6.540.5 x 10 ICR, 154 c-Cgby,” from c-Cghy, 168
+ + -9 +
c-CgDy, " + ©-Celly CHy ~ C,Hy, 300 1.37+0.07 x 10 ICR, 154  c-Cgb;," from c-CeDy, 168
+ + -10 +
c—C()D12 + n~C7H16 > C7H16 300 1.1+#0.3 x 10 ICR, 154 (:—C6D12 from c-CGD12 168
+ + -10 +
c-CeDyp" + m-Cylyg > Cglyg™ 300  4.6+0.4 x 10 ICR, 154  c-CgDy," from c-CgDy, 168
+ + -9 +
r.—CGD12 + n~§9HZO > CQHZO 300 1.04+0.10 x 10 ICR, 154 c:—C(,)D12 from t:-C@D12 168
+ + + -9
c-CSHQCH3 * 1'C4H8 + C()H11 N CGHID 300 1.2+0.2 x 10 MS, 136 c-CSHQCH; from methylcyclopentane 136
c-CoHgCH " + c-CD , + CoDy," 300 5.9 x 10711 ICR, 154  c-CgHyCHy* from methylcyclopentane 168
+ + -12 : .
c-CgHgCHy ™ + n-C7H16 - (:7H16 300 7 x 10 ICR, 154 c-CSHQCH3+ from methylcyclopentane 168
+ + -11 +
n-Cgiy," + n-Ceby, + Cedyy 300 4.4 x 10 ICR, 154  n-CgH," from n-CgHy, 168
n-CeHy, "+ Hy0 > 300 5.6 x 10711 MS, 179 Pressure of H,0 varied 179
300 1.5 x 10711 MS, 179 Time varied 179
n-Cglly, " + 2H,0 > H'(H,0), 300 3.6+0.8 x 10726 MS, 136 158
n-C()H”+ + D0 + 2.5+0.8 x 107° MS, 71 Ions translationally heated 72
+ + -10 +
n-CeDy, "+ e-CgHy, + CgHyy 300 7.9+0.4 x 10 ICR, 154  n-CgDy,” from n-CcDy, 168
+ + -10 +
n-Cgby, "+ c-CoHCHy + CgHyy 300 4.5:0.1 x 10 ICR, 154  n-CgD;," from n-CgDy, 168
+ + -11 +
n-CeDy," + n-Celly, + Celiyy 300  8.442 x 10 ICR, 154  n-C¢D;,” from n-CDy, 168
+ + -10 + . .
n-CeDy," + CoHGCH(CH{)CyHy » CeHyy 300 4.6:0.4 x 10 ICR, 154  n-C¢D;," from n-CgDy, 168
+ * -10 + ’
n-CeDy "+ (CH3) 5CC Hg > CeHyy . 300 4.3%0.5 x 10 ICR, 154  n-CgD;,” from n-CeD, 168
+ Lo -10 +
n-CgDy, " + (CHg) ,CHCH(CHy), + CgHy, 300 6.1:0.5 x 10 ICR, 154  n-CgDy," from n-CeDy, 168
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Table 1. ﬁate coefficients for reactions of hydrocarbon cations--Continued

Reaction T k Method Comments Ref.

n-CgDy,” * c-CgHy CHy » Cotty " 300 9.8+0.8 x 10740 ICR, 154  n-CeD)," from n-C¢D;, 168
n-CeDy, " + n-CyHye > CoHy " 300 2.7+0.4 x 10710 ICR, 154  n-C¢D;," from n-CgD, 168
n-CgDy," + n-octame » CgH,g" 300  5.3+0.5 x 10720 ICR, 154  n-CeD;,* from n-hexane-d, 168
T“CsD14+ + n-nonane » CgH, " 300 6.8+1.1 x 10710 ICR, 154  n-CcD;,” from n-hexane-d, 168
(CHg) 5CC,He" + c-CgDy, » CeDyo* 300 9 x 10712 ICR, 154  (CHg)CC,HS" ffom 2,2-dimethylbutane 168
C-CEHCHy + 2(c-CeHCHy) + (CeHeCHy)," 295 1.88+0.54 x .10‘25 MS, 136 c-C4H CH, from toluene 186
c-CgHy CHy " + n-nonane > CyH, " 300 7 x 10711 ICR, 154  c-C¢H CH;" from methylcyclohexane 168
n‘C7Hw+ + c~C6H12 - C6H12+ 300 5.340.3 x 10710 ICR, 154 n-C7H16# from n-heptane 168
n-C7H16* + methylcyclopentane -+ C6H12+ 300 1.2+0.2 x 1()_10 ICR, 154 n—C7H16+ from n-heptane 168
n-C,H; " + 3-methylpentane » C6H14+ 300 1.8+0.5 x 10710 ICR, 154 n-c7Hm+ from n-heptane 168
n-C,H " + 2,2-dimethylbutane » CeHy,* 300 1.7+0.2 x 10710 ICR, 154  n-C,H " from n-heptane 168
n-C7H16+ + 2,3-dimethylbutane - C6H14+ 300 3.3+0.2 x 1071Y ICR, 154 n~C7i‘116+ from n-heptane 168
"-C-7H16+ + methylcyclohexane ~ C7H14* 300 9.2+0.5 x 10-10 ICR, 154 n-C7H16+ from n-heptane 168
n-C,H " + n-octane » CgH, " 300 2.4+0.4 x 1020 ICR, 154  n-C,H " from n-heptane 168
n-CyHy o + 2,2,4-trimethylpentane » CgH o 300  8.8+1.0 x 10710 ICR, 154  n-C;H; " from n-heptane " 168
0-(CHy) ,CgH, " + 2(0-xylene) + € gHyo” 295 3.4+1.0 x 1072% MS, 136 0-(CHy) ,CH, " from o-xylene 186
n-(CHy) ,CeH,* + 2(m-xylene) » CHyo" 295 3.4+1.0 x 10725 MS, 136 m-(CHy) ,CeH, " £rom m-xylene 186
p-(CHg),CeH, " + 2(p-xylene) » CjcH,0* 295 1.4+0.4 x 107%° MS, 136 p-(CHg) ,CeH, " from p-xylene 186
“‘Cs”1s+ + 2,2,4-trimethylpentane - C3H18+ 300 3.4+0.3 x 10710 ICR, 154 n—C8H18+ from n-octane 168
n-C8[—118+ + n-nonane -+ CQHZO+ 300 1.340.2 x 10'10 ICR, 154 n~C8H18+ from n-octane 168
1,3,5-(CHg) ;CeH; " + 2(mesityleme) » CygH,,*™ 295 6.73+2.0 x 10725 Ms, 136 1,3,5-(CHy) 5CeH;" £rom mesitylene 186
n-(.‘gﬂzo+ + metﬁylcyclohexane > C7H14+ 300 6 x 10_]"J ICR, 154 n-C9H20+ from n-nonane 168

Table 2. Rate coefficients for reactions of hydrocarbon anions

Reaction T k Method Comments Ref.

C,H™ + allene CSHS‘ 300 <1 x 10712 FA, 20 C,H™ from C,H, 188
CH + CeHgCHy > CQHCH,™ 300 ~5 x 10712 FA, 20 C,H™ from C,H, 188
C,H” + CHyOH » CHy0 300 ~5 x 10712 FA, 20 C,H from C,H, 188
cZH' + C,HOH » CZHSO‘ 300 ~1 x 10710 FA, 20 CZH' from C,H, 188
CH + i-CgH 0 » i-CgH,0” 300 ~5 x 10710 FA, 20 C,H™ from C,H, 188
C,H + t-CyHgOH » t-C,Hg0 300 5 x 10712 FA, 20 C ™ from CyH, 188
C,H™ + CHyCL » C17 300 1.240.24 x 1070 FA, 118 C,H™ from C,H, 189
CH™ + CH)C1, » CHCL, 300 22 x 10710 FA, 118 C,H™ from C,H, 189
CH™ + CHgF > F~ 300 <3 x 10 13 FA, 118 C,H ™ from C,H, 189
CH™ + CHSCN + CH,CN” 300 21 x 10710 FA, 20 cZH' from C,H, 188
C,H™ + CH{SOCH; » CHySOCH,” 300 =21 x 1071 FA, 20 C,H from C,H, 188
CH + Hy0 + CpH, + OH' 300 9.3:3.7 x 10°1°  FA, 118 C,H™ from C,H, 95
CgHg  + CgHcCHy C6H5CHZ' 300 S5 x 10712 FA, 20 C3H3' from allene 188
c3H3‘ + CHCl; » CCly~ 300 22 x 10710 FA, 20 C3H3‘ from allene 188
CyH;™ + CHyCN = CH,CON” 300 25 x 107! FA, 20 C{H;  from allene 188
CgHy™ + CHZOH + CH;0 300 1 x 10 %! FA, 70 C4H;” from allene 188
CiHg™ + CHgCHy » CeHeCH,” 7.540.7 x 1072 1cr; 190 CgHy~ from propylene 190
300 ix10 FA, 20 C:,)H5 from propylene 191

C.’SHS- + CHzOH - CH30‘ 2.5+0.3 x 10710 ICR, 190 CSHS- from propylene 190
300 25 x 107 M! FA, 20 C4Hg~ from propylene 188

CgHy ™ + CHCly » CClg” 300 <2 x 1071t FA, 20 Origin of CgHy ™ uncertain 188
CeHg™ + CHgNO, > CH,NO,~ 300 <1 x 10711 FA, 20 origin of C.H,~ uncertain 188
CeHg ™ + CHy =+ CHy 300 . <5 x 1012 FA, 20 CgHs™ from benzene 188
CeHy ™ + CgHgClHy » CoH(CH,” 300 25 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.
CgH™ + isopropylbenzene » CHC(CHg),™ 300 ~1 x 10711 FA, 20 CgHg ™ from benzene 188
CgHg™ + Hy » H 300 <5 x 10712 FA, 20 CeHy™ from benzene 188
CgHg™ + H,0 » OH - 300 25 x 10711 FA, 20 Cy ™ from benzene 191
CgHlg™ + NHy » NH,~ 300 <5 x 10712 FA, 20 CgHs~ £rom benzene 188
CeHgCH, ™+ CoH, » CpH 300 ~5 x 10711 FA, 20 CeHcCH, ™ from toluene 188
C4HCH, ™ + alleme + CgHy~ 300 ~6 x 10712 FA, 20 CgHCH, ™ from toluene 188
CHgCH, ™ + CyHg 300 < x 10712 FA, 20 C4HsCH,™ from toluene 191
CeHCH, ™ + isopropylbenzene + CHyC(CHg),” 300 ~1 x 10712 FA, 20 C4HsCH,™ from toluene 188
CgHGCH,™ + p-t-butyltolueme + (CHy) ;CCEH,CH;300 <5 x 107'2 FA, 20 CgHgCH, ™ from toluene 188
CeHgCH, ™ + CH{OH + CH;0” 300 5 x 1031 ’ FA, 20 CgHyCH, ™ from toluene 188
CligCH, ™ + C,HOH » C,H 0 300 >1 x 1010 . FA, 20 CgHgCH,™ from toluene 191
CeHgCH, ™ + CHSOCH; » CHZSOCH,” 300  »5 x 10712 FA, 20 CgHsCH,  from toluene 188
CEHCCH;) ;™ + CHg > CoH” 300 <1 x 10713 FA, 20 C¢HsC(CHy),” from isopropylbenzene 188
CHC(CHZ) ™ + CEH(CHy > CoHCH, 300 ~5 x 10713 FA, 20 CgHsC(CHy), from isopropylbenzene 188
CeHsC(CHy), ™ + CHyOH » CH;0 300 >5 x 10711 FA, 20 CgHgC(CHy),” £rom isopropylbenzene 188
C6H5C(CH3)Z— + C,HZOH CZHSO_ 300 >5 x 10712 FA, 20 C6H5C(CH3)Z' frgm isopropylbenzene 188
p-(CHy) ;CCH,CHy™ + CEH CHy » CoHoCH,” 300 <5 x 10711 FA, 20 p-(CHy) {CC¢H,CHy ™ from p-t-butyltoluene 188

65
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