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Abstract

The silane/propane and silane/propene gaseous mixtures have been investigated by ion trap mass spectrometry. The
variations of ion abundances observed under different partial and total pressures are reported. The mechanisms of ion/molecule
reactions have been elucidated by successive isolation steps. Moreover, the rate constants for the main processes have been
experimentally measured and compared with the collisional rate constants to determine the reaction efficiencies. A great
number of processes have been observed in SiH4/C3H6 leading to the formation of silicon and carbon containing ions with high
efficiency, whereas propane and silane give very few ion products with low efficiencies. Chain propagation in the SiH4/C3H6

system gives clusters of increasing size, such as Si2C2H7
1 and Si3CH7

1, with rather high efficiencies starting from silicon
containing ions and neutral propene. (Int J Mass Spectrom 190/191 (1999) 243–251) © 1999 Elsevier Science B.V.
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1. Introduction

Gas phase ion chemistry is a research field in contin-
uous development because of the strong interest, both
fundamental and applicative, in the study of reactivity,
mechanisms, and kinetics of isolated species [1–3]. In
fact, such studies allow one to obtain information about
the intrinsic behavior of ions in the absence of pertur-
bations due to solvent or counterions [4–12] and give
the possibility of direct correlation with ab initio quan-
tum chemical calculations on the relative stability of ion
structures, reaction energetic profiles, and thermochemi-
cal data [13–16]. This research also has a remarkable

importance in astrochemistry providing reliable model-
ing for the reactivity of ions and molecules in interstellar
clouds [17–19]; in the study of plasmas and, in general,
for the planning of new materials by deposition from gas
mixtures suitably activated [7,11,20].

In this respect, an integrated approach, both exper-
imental and theoretical, has been used in the past few
years to investigate the gas phase ion chemistry of
silane alone. The mechanisms of the chain propagation
to form SinHm

1 clusters, precursors of amorphous solids
obtained by deposition from gaseous mixtures, have
been elucidated along with their structures [11,14].

Ion/molecule reactions have also been studied in
SiH4/NH3 [21] and SiH4/PH3 [7] systems under dif-
ferent experimental conditions, with the aim of inves-
tigating the formation of ion species containing new
Si–N and Si–P bonds and of simulating the design of
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amorphous silicon doped with elements from group
15 of the periodic system.

In this article we report on the mechanisms and
kinetics of ion/molecule reactions in the SiH4/C3H8

and SiH4/C3H6 systems studied by ion trap mass
spectrometry. The results offer insights on silicon
fundamental chemistry and investigate the main fac-
tors affecting the formation of silicon and carbon
containing ions that may be considered charged pre-
cursors in the deposition of amorphous films of silicon
carbides. The rate constants of the main ion/molecule
reactions have also been experimentally determined
and compared with the collisional rate constants
calculated according to the Langevin or ADO (aver-
age dipole orientation) theories [22].

2. Experimental

Silane, propane, and propene were obtained com-
mercially in high purity. Each was introduced into a
flask containing anhydrous sodium sulfate as a drier,
that was connected to one line of the gas inlet system
of the instrument. Helium was supplied at an extra-
high purity degree and used without further purifica-
tion. All experiments were run on an ITMS Finnigan
mass spectrometer. A Bayard Alpert ionization gauge
was used to measure pressure. The read pressures
were corrected for the relative sensitivity of the ion
gauge with respect to different gases [23,24] and for a
calibration factor, calculated as reported previously
[5], to obtain the real pressure in the trap. Helium
buffer gas was admitted into the trap at a pressure of
;4 3 1024 Torr (1 Torr 5 133 Pa). The temperature
of the trap was maintained at 333 K, a temperature at
which other related systems have been studied. In all
experiments ions were detected in the 10–300 u mass
range. In order to prevent side reactions with water
background, the manifold and the lines for introduc-
tion of reagent gases and helium were frequently
baked up. In these experiments, the scan modes used
both to study the overall ion reactivity as a function of
time and to determine reaction mechanisms and rate
constants have been described in detail previously, as
have the procedures for calculations [5,7,13].

In the kinetic experiments the isolation of ions at a

specificm/zvalue was obtained by use of dc voltages
and by resonance ejection, as described previously [13].
In the latter isolation method no field is directly applied
to the selected ionic species and, therefore, the ions
should have a lower excitation energy. The rate con-
stants obtained by using these two different isolation
procedures are very similar. This is in agreement with
the hypothesis that the reactant ions undergo a number of
collisions sufficient to eliminate most of their excitation
energy. The single exponential decays observed in the
kinetic experiments are consistent with this hypothesis.

In all experiments ionization was obtained by
electron impact for times in the range 1–10 ms. In
experiments without selective storage of ions, ioniza-
tion is followed by a reaction time, which ranges from
0–500 ms, without application of any potential to the
trap. Acquisition of ion signal closes the experiment.
When isolation of an ion species is performed, after
the ionization event, a reaction time follows in order
to maximize the abundances of the ions under exam-
ination. Isolation of the selected ions, storage in the
trap for convenient reaction times, and acquisition are
the successive events.

In some cases, when it was impossible to identify the
neutral reagent (i.e. SiCH4

1 giving SiCH5
1), experiments

were performed by pulsing one of the reagent gases into
the trap and studying the reaction paths after it was
pumped away. A General Valve Corporation Iota One
pulsed valve (Fairfield, NJ) was used [25]. Fig. 1 shows
the pulsed gas profile, i.e. the trend of its ion current as
a function of elapsed time since the valve has been
triggered. The pressure of the pulsed gas behind the
valve has been set previously at 1.03 1026 Torr by
means of a bypass channel. The profile is;1.5 s wide.
The valve opening time is 0.25 ms; the pulsed gas
pressure has a rise time of about 250 ms, reaches a
maximum, and is pumped away by a turbomolecular
pump in about 1500 ms.

3. Results and discussion

3.1. Silane/propane mixtures

The trends of the abundances of all the ion families
containing both silicon and carbon at total pressures
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of 5.0 3 1027 and 1.53 1026 Torr, as a function of
time, are shown in Figs. 2 and 3. In each figure the
plots are reported for three mixtures with 1:1, 1:5, and

5:1 ratios of partial pressure of silane and propane,
with the aim of studying the experimental conditions
that favor the formation of Si–C bonds. The ion
abundances in the 1:5 silane/propane systems show a
similar behavior at the two different total pressures,
whereas they continuously increase with time in the
presence of silane excess. The 1:1 mixture displays an
intermediate behavior because the ion abundances
increase up to 300 ms reaction time and then remain
constant (5.03 1027 Torr total pressure) or continu-
ously increase (1.53 1026 Torr total pressure). Re-
gardless, the 5:1 SiH4/C3H8 system gives the highest
yield of ions containing silicon and carbon at both
total pressures.

Table 1 reports the most important ion/molecule
reactions occurring in SiH4/C3H8 mixtures together
with the experimental rate constants for the formation
of ionic products. The collisional rate constants are
calculated according to the Langevin theory for silane
[26] and propane [27] as well. In fact, as far as this
latter molecule is concerned, its dipole moment is so
low (0.084 Debye [27]) as to make the second part of
the ADO equation negligible. It follows that the ADO
equation becomes equal to the Langevin one. The

Fig. 1. Variation of the total ion current of propene introduced into
the ion trap through a pulsed valve as a function of elapsed time
since the valve has been triggered.

Fig. 2. Variation of total abundances with time for silicon and
carbon containing ions in SiH4/C3H8 mixtures at 5.03 1027 Torr
total pressure.

Fig. 3. Variation of total abundances with time for silicon and
carbon containing ions in SiH4/C3H8 mixtures at 1.53 1026 Torr
total pressure.
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reaction efficiencies are reported as the ratio of
experimental to collisional rate constants. The self-
condensation processes of silane, occurring as parallel
reactions of the reported pathways, have already been
published [5,21] and are not shown for reasons of
clarity. Some of the ion/molecule reactions occurring
in the SiH4/C3H8 mixture produce ions such as
Si2CHn

1 (n 5 5–7) and Si2C2H6
1, which are not re-

ported in the table because of the very low abundance
of the product ions, that makes it impossible to
determine the reaction rate constants with good repro-
ducibility.

Among SiHn
1 (n 5 0–3) ions only SiH3

1 reacts
with propane by hydride abstraction to produce the
C3H7

1 ion, whereas SiHn
1 (n 5 0–2) ion species are

unreactive in the delay time considered. The C3Hn
1

(n 5 3, 5) ions react with silane yielding the SiCHn
1

(n 5 3, 5) ion species, with an appreciable overall
rate constant forn 5 5. These processes take place
with substitution of a small molecule (i.e. C2H2 or
C2H4) by silane and become exothermic according to
the heats of formation reported in the literature
[28–30]. Formation of larger mixed ion clusters, i.e.
species containing silicon and carbon, does not pro-
ceed further because SiCH3

1 is unreactive in the
experimental conditions used here, and in SiCH5

1 ions
the carbon is replaced by a silicon atom to give Si2H5

1

from reaction with silane. The C3Hn
1 ions also react in

self-condensation processes to produce C4H7
1 and

C3H7
1, their rate constants being in the same order of

magnitude as those of the reactions with silane. It

clearly appears that the silane/propane mixtures do
not favor the formation of large mixed clusters
through ion/molecule reactions.

3.2. Silane/propene mixtures

The variations of the abundances of all the ion
species containing both silicon and carbon, as a
function of reaction time, for three SiH4/C3H6 sys-
tems (1:1, 1:5, and 5:1 ratios of partial pressure of the
two reagents) are reported at the total pressure of
5.0 3 1027 and 1.53 1026 Torr in Figs. 4 and 5, for
the interest in the formation of cluster ions of silicon
and carbon. All three silane/propene systems show
remarkably higher relative abundances of Si–C con-
taining ions with respect to silane/propane systems
under the same conditions. Moreover, at 1.53 1026

Torr pressure (Fig. 5) the 1:1 SiH4/C3H6 mixture
displays the highest ion abundances, continuously
increasing with time. A lower increase is shown by
the mixture containing an excess of silane at the same
total pressure. In this case the highest yield of ions
containing silicon and carbon is observed in the
mixture with equal amounts of the two reagent gases.
Such behavior indicates a higher involvement of
propene with respect to propane in the formation of
mixed ion clusters.

In Tables 2, 3, 4, and 5 the ion/molecule reactions
occurring in a SiH4/C3H6 system, together with the
experimental and collisional rate constants (Langevin
and ADO theories [22]) and the reaction efficiencies,

Table 1
Rate constants for reactions of C3Hn

1, SiH3
1, and SiCH5

1 ions in a SiH4/C3H8 mixturea

Reaction kexp Skexp kL
b Efficiencyc

C3H3
1 1 C3H83 C3H7

1 1 C3H4 2.1
3 C4H7

1 1 C2H4 0.62 2.7 12.90 0.21
C3H3

1 1 SiH43 SiCH3
1 1 C2H4 0.30

3 SiCH5
1 1 C2H2 1.6 1.9 11.61 0.16

C3H5
1 1 C3H83 C3H7

1 1 C3H6 2.7 2.7 12.73 0.21
C3H5

1 1 SiH43 SiCH5
1 1 C2H4 4.4 4.4 11.48 0.38

SiH3
1 1 C3H83 C3H7

1 1 SiH4 11 11 13.74 0.80
SiCH5

1 1 SiH43 Si2H5
1 1 CH4 0.51 0.51 11.25 0.045

a Rate constants are expressed as 10210 cm3 molecule21 s21; experiments were run at 333 K; uncertainty is within 20%.
b Rate constants have been calculated according to the Langevin theory taking polarizability of SiH4 from [26] and of C3H8 from [27].
c Efficiency has been calculated as the ratioSkexp/kL.
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are reported. Table 2 shows the ion/molecule reac-
tions of the silane primary ions with C3H6. The
kinetics of the Si1 ion were not studied because that

ion has the same nominal mass as the propene
fragment ion C2H4

1 (m/z5 28). Table 3 reports the
reactions of the secondary ions of silane, Si2Hn

1 (n 5
2–5), with C3H6, and Table 4 reports those of the
primary ions of propene, C2H3

1 and C3Hn
1 (n 5 1–7)

with both silane and propene. Finally, Table 5 shows
the ion/molecule reactions of SiCHn

1 (n 5 4, 5),
SiC2H5

1, SiC3H7
1, and Si2CH5

1 ions with both silane
and propene. The great number of reactions leading to
the formation of mixed ions, containing both silicon
and carbon, together with their rather high rate con-
stants, indicates that the SiH4/C3H6 system is suitable
for the preparation of amorphous silicon carbides.

The most common pathway displayed by the SiHn
1

(n 5 1–3) ions reacting with C3H6 occurs with loss of
a C2H4 molecule, its rate constants being rather high.
The SiH1 and SiH2

1 ions also react in different
pathways with loss of a variety of neutral fragments.
In particular, SiH2

1 yields SiC3H7
1, and this is the only

case in which no carbon containing fragment is lost.
The Si2Hn

1 ions show a good reactivity towards
propene, as shown by the many reactions with appre-
ciable rate constants. Also, in this case, elimination of
a C2H4 molecule is a pathway frequently observed.
Substitution of a SiH4 by a C3H6 molecule is also
displayed by the Si2H4

1 and Si2H5
1 ions. Moreover,

the Si2H2
1 ion species undergo a considerable number

of reactions with C3H6 yielding, among others, the
quite large cluster Si2C3H7

1.
Calculated reaction enthalpies [28,29,31] for the

reactions starting from the SiHn
1 (n 5 1–3) ions are

negative. Among processes of silane secondary ions,
thermochemical data were available only for the
reaction of Si2H3

1, which turned out to be negative too
[28,31,32].

The CnHm
1 ions react in self-condensation pro-

cesses through many different pathways. In some
cases, large ions containing up to six carbon atoms are
observed, but these product ions are unreactive in the
experimental conditions used here. Again, elimination
of C2H4 as a neutral product is a common path.
Calculation of the energetics of these processes,
considering the most stable isomer for each ion [28],
gives reaction enthalpies that are generally negative.
The only exception is the reaction C3H2

1 1 C3H63

Fig. 4. Variation of total abundances with time for silicon and
carbon containing ions in SiH4/C3H6 mixtures at 5.03 1027 Torr
total pressure.

Fig. 5. Variation of total abundances with time for silicon and
carbon containing ions in SiH4/C3H6 mixtures at 1.53 1026 Torr
total pressure.
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C4H4
1 1 C2H4, which is endothermic by about 16

kcal molecule21.
Reactions of CnHm

1 ions with silane (Table 4)
generally take place through a smaller number of
pathways with respect to propene. Addition of a SiH4

molecule followed by loss of a fragment containing
one or two carbon atoms is very frequent, and loss of
hydrogen is also observed in a few cases, leading to
the formation of SiC2H5

1, SiC3H2
1, SiC3H3

1, and
SiC3H8

1 ions. Negative reaction enthalpies have been
calculated for all processes in Table 4 [28,33–35],
except those producing SiC3H2

1 and SiC3H8
1 because

their heats of formation are not available in the
literature. As far as formation of SiC2H7

1 ion is

concerned, the heat of formation is available for the
Si(CH3)2H

1 structure [33], which is reported to be the
most stable SiC2H7

1 isomer [36], on the basis of ab
initio calculations.

Mixed clusters react with both C3H6 and SiH4 in an
appreciable number of pathways (Table 5), even if
reaction efficiencies are often quite low. Again, in
reactions with C3H6, the most frequent path takes
place with loss of a C2H4 molecule and it generally
displays the highest rate constants. On the other hand,
reactions with silane are mainly followed by loss of a
hydrogen or a methane molecule. Moreover, it is
worth noting that mixed ions show higher reaction
efficiencies with propene rather than with silane.

Table 2
Rate constants for reactions of SiHn

1 ions with C3H6 in a SiH4/C3H6 mixturea

Reaction kexp Skexp kADO
b Efficiencyc

SiH1 1 C3H63 SiH3
1 1 C3H4 0.84

3 SiCH3
1 1 C2H4 9.5

3 SiCH5
1 1 C2H2 3.0 13.3 14.88 0.89

SiH2
1 1 C3H63 SiCH4

1 1 C2H4 7.9
3 SiCH5

1 1 C2H3 5.0
3 SiC2H5

1 1 CH3 1.3
3 SiC2H6

1 1 CH2 1.3
3 SiC3H7

1 1 H 1.0 16.5 14.74 1.12
SiH3

1 1 C3H63 SiCH5
1 1 C2H4 15 15 14.60 1.03

a Rate constants are expressed as 10210 cm3 molecule21 s21; experiments were run at 333 K; uncertainty is within 20%.
b Rate constants have been calculated according to the ADO theory taking the polarizability and dipole moment of C3H6 from [27].
c Efficiency has been calculated as the ratioSkexp/kADO.

Table 3
Rate constants for reactions of Si2Hn

1 ions with C3H6 in a SiH4/C3H6 mixturea

Reaction kexp Skexp kADO
b Efficiencyc

Si2H2
1 1 C3H63 Si2H3

1 1 C3H5 1.5
3 SiC3H5

1 1 SiH3 1.1
3 Si2CH4

1 1 C2H4 2.9
3 Si2C2H5

1 1 CH3 2.8
3 Si2C3H7

1 1 H 1.6 9.9 12.49 0.79
Si2H3

1 1 C3H63 Si2CH5
1 1 C2H4 5.8 5.8 12.45 0.47

Si2H4
1 1 C3H63 SiC3H6

1 1 SiH4 1.5
3 SiC3H7

1 1 SiH3 2.1
3 Si2CH5

1 1 C2H5 1.1
3 Si2CH6

1 1 C2H4 4.4 9.1 12.40 0.73
Si2H5

1 1 C3H63 SiC3H7
1 1 SiH4 0.74

3 Si2CH7
1 1 C2H4 5.2 5.9 12.36 0.48

a Rate constants are expressed as 10210 cm3 molecule21 s21; experiments were run at 333 K; uncertainty is within 20%.
b Rate constants have been calculated according to the ADO theory taking the polarizability and dipole moment of C3H6 from [27].
c Efficiency has been calculated as the ratioSkexp/kADO.
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Exothermicity of ion/molecule reactions reported in
Table 5 has been checked [28,32,34,37] for the
processes that do not involve, as either product or
reagent, the Si2CH6

1, SiC3H6
1, SiC5H6

1, Si2C2H7
1,

Si3CH7
1 ions, whose formation enthalpies are not

available. As far as the SiC3H9
1 ion is concerned, the

heat of formation of the (CH3)3Si1 isomer has been

used [33], because is to considered the most stable
one [36,38,39].

The SiCH4
1 ion reacts in the SiH4/C3H6 mixture to

give SiCH5
1 and it has been observed that this

hydrogenation process occurs with both C3H6 and
SiH4. Heats of formations [28,29] indicate that the
reaction with propene is thermodynamically more

Table 4
Rate constants for reactions of C2H3

1 and C3Hn
1 ions in a SiH4/C3H6 mixturea

Reaction kexp Skexp kL/ADO
b Efficiencyc

C2H3
1 1 C3H63 C3H5

1 1 C2H4 4.6 4.6 15.21 0.30
C2H3

1 1 SiH43 SiH3
1 1 C2H4 2.8

3 SiC2H5
1 1 H2 0.59 3.4 12.72 0.27

C3H
1 1 C3H63 C2H3

1 1 2C2H2 1.3
3 C3H3

1 1 C3H4 1.8
3 C4H3

1 1 C2H4 3.4 6.5 13.91 0.47
C3H

1 1 SiH43 SiCH3
1 1 C2H2 5.9

3 SiC3H2
1 1 H2 1 H 1.4

3 SiC3H3
1 1 H2 2.4 9.7 11.75 0.82

C3H2
1 1 C3H63 C3H3

1 1 C3H5 0.88
3 C3H5

1 1 C3H3 0.56
3 C4H4

1 1 C2H4 0.88
3 C5H5

1 1 CH3 3.4
3 C6H5

1 1 H2 1 H 2.6
3 C6H7

1 1 H 2.4 10.7 13.81 0.78
C3H2

1 1 SiH43 SiCH3
1 1 C2H3 1.8

3 SiCH4
1 1 C2H2 0.64

3 SiC2H3
1 1 CH3 1.8

3 SiC3H3
1 1 H2 1 H 1.1 5.3 11.68 0.45

C3H3
1 1 C3H63 C4H5

1 1 CH3 0.55 0.55 13.72 0.040
C3H3

1 1 SiH43 SiCH3
1 1 C2H4 0.42

3 SiCH5
1 1 C2H2 1.2 1.6 13.72 0.12

C3H4
1 1 C3H63C3H6

1 1 C3H4 0.47
3 C4H6

1 1 C2H4 1.1
3 C5H7

1 1 CH3 7.2
3 C6H9

1 1 H 0.45 9.2 13.63 0.68
C3H4

1 1 SiH43 SiCH4
1 1 C2H4 0.50 0.50 11.54 0.043

C3H5
1 1 C3H63 C4H7

1 1 C2H4 7.7 7.7 13.54 0.56
C3H5

1 1 SiH43 SiCH5
1 1 C2H4 4.8 4.8 11.48 0.42

C3H6
1 1 C3H63 C3H7

1 1 C3H5 3.6
3 C4H7

1 1 C2H5 0.85
3 C4H8

1 1 C2H4 4.1
3 C5H9

1 1 CH3 2.2 10.8 13.46 0.80
C3H6

1 1 SiH43 SiC2H7
1 1 CH3 6.8

3 SiC3H8
1 1 H2 3.2 10 11.42 0.88

C3H7
1 1 C3H63 C4H9

1 1 C2H4 1.8 1.8 13.38 0.13
C3H7

1 1 SiH43 SiC2H7
1 1 CH4 0.73

3 SiC3H9
1 1 H2 0.29 1.0 11.36 0.090

a Rate constants are expressed as 10210 cm3 molecule21 s21; experiments were run at 333 K; uncertainty is within 20%.
b Rate constants have been calculated according to the Langevin theory for reactions of SiH4 and the ADO theory for reactions of C3H6,

taking polarizabilities from [26] and [27], respectively, and the dipole moment of C3H6 from [27].
c Efficiency has been calculated as the ratioSkexp/kL or Skexp/kADO.
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favored than with silane. However, some experiments
have been performed pulsing one reacting gas and
leaking the other at a constant pressure into the trap.
The introduction of a gas through a pulsed valve
allows one to have a variable gas pressure during the
experiment time. In fact, after the valve has been
opened for a suitable time, the pressure of a pulsed
gas increases, reaches a maximum, and then decreases
as a consequence of the fact that the trap is continu-
ously evacuated. In our experiments, the ionization
event took place while the pressure of the gas was at
the top, and the selected ion was reacted when the
pulsed gas was already pumped off the trap. There-
fore, the SiCH4

1 ion was formed, selected, and reacted
with just one neutral at a time. Two different exper-
iments, performed pulsing C3H6 and SiH4 alterna-
tively, allowed us to determine that both neutrals
originate the SiCH5

1 ion. The rate constants indicate
that the reaction with silane proceeds faster than with
propene. This is probably because of the lower Si–H
bond energy with respect to the C–H one [40], which
determines an activation complex of lower energy in

the reaction of SiH4 with respect to C3H6. Besides, in
both experiments product ions at nominal mass of 58
and 59 have been detected. When the neutral reagent
is C3H6, the formulae SiC2H6

1 and SiC2H7
1 can be

respectively assigned to these ions. In the other case,
the formed ions can be assumed to be Si2H2

1 and
Si2H3

1.

4. Conclusions

From the comparison of the two systems examined
here, it is evident that the silane/propene mixture is
the most suitable for the formation and growth of
silicon and carbon containing ion clusters, as possible
precursors of amorphous silicon carbides. In fact, a
general higher reactivity of propene with respect to
propane is observed, as evidenced by the great num-
ber of reactions occurring at appreciable rates, and by
the ions formed. Such processes take place between
hydrocarbon ions and silane or silicon containing ions
and propene and produce mixed ions of increasing

Table 5
Rate constants for reactions of SiCHn

1, SiC2H5
1, SiC3H7

1, and Si2CH5
1 ions in a SiH4/C3H6 mixturea

Reaction kexp Skexp kL/ADO
b Efficiencyc

SiCH4
1 1 C3H63 SiCH5

1 1 C3H5 2.2
3 SiC2H6

1 1 C2H4 5.0
3 SiC2H7

1 1 C2H3 1.7 8.9 13.30 0.67
SiCH4

1 1 SiH43 SiCH5
1 1 SiH3 3.5

3 Si2H2
1 1 CH4 1 H2 0.94

3 Si2H3
1 1 CH4 1 H 1.6

3 Si2CH6
1 1 H2 0.70 6.7 11.30 0.60

SiCH5
1 1 C3H63 SiC2H7

1 1 C2H4 8.4 8.4 13.23 0.63
SiCH5

1 1 SiH43 Si2H5
1 1 CH4 0.65 0.65 11.25 0.058

SiC2H5
1 1 C3H63 SiC3H7

1 1 C2H4 6.6
3 SiC5H9

1 1 H2 0.40 7.0 12.54 0.56
SiC2H5

1 1 SiH43 Si2H3
1 1 C2H6 0.70

3 Si2CH5
1 1 CH4 0.25 0.95 10.75 0.088

SiC3H7
1 1 C3H63 SiC4H9

1 1 C2H4 5.0
3 SiC6H11

1 1 H2 0.40 5.4 12.00 0.45
SiC3H7

1 1 SiH43 Si2H5
1 1 C3H6 0.67 0.67 10.36 0.065

Si2CH5
1 1 C3H63 Si2C2H7

1 1 C2H4 2.1 2.1 11.94 0.18
Si2CH5

1 1 SiH43 Si3H5
1 1 CH4 0.25

3 Si3CH7
1 1 H2 0.13 0.38 10.32 0.037

a Rate constants are expressed as 10210 cm3 molecule21 s21; experiments were run at 333 K; uncertainty is within 20%.
b Rate constants have been calculated according to the Langevin theory for reactions of SiH4 and the ADO theory for reactions of C3H6,

taking polarizabilities from [26] and [27], respectively, and dipole moment of C3H6 [27].
c Efficiency has been calculated as the ratioSkexp/kL or Skexp/kADO.
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size. Moreover, an improved yield of mixed ion
clusters is given by increasing the total pressure of
reagent gases, in particular in the 1:1 SiH4/C3H6

mixture.
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