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Abstract

The gas-phase ion chemistry of the silane/propyne mixture was studied by ion trap mass spectrometry with the aim
finding the best experimental conditions leading to the formation of Si- and C-containing ion clusters of increasing size. T
this purpose, the optimal pressure ratio among the two gases was about 1:1. lon/molecule reactions were investigated and
constants determined for propyne alone and for the silane/propyne systems. In these systems, several mixed ions were forr
in particular, the SICHs™ ion species is obtained and reaches 20% abundance after 1 s reaction time under the experimen
conditions used here.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction of amorphous solids of the desired composition and
properties.

Over the past years, several studies have been per- In the past, both experimental and theoretical stud-
formed about the gas-phase ion chemistry of organo- ies on gas-phase ion chemistry have been performed
silicon compounds. This research area includes the in order to obtain information about the reactivity,
study of molecules present in interstellar clouds reaction mechanisms, and kinetics of isolated ion
under the effect of ionizing radiations, cosmic rays, species from a fundamental point of vigd0-19]
and low wavelength photonfl,2]. Moreover, the The self-condensation reactions of ilHave been
preparation of amorphous silicon carbides, through extensively studied both experimentalB] and theo-
chemical vapor deposition methods, has stimulated in- retically [20]. Mixtures of SiH;, with CoH4 and with
creasing interest, due to the semiconductive propertiesCoH, have been investigated under high pressure
of the amorphous solid obtain¢8-9]. As ion species  conditions[21,22], and ion/molecule reactions of the
are involved in the first polymerization steps, their Sit ion with hydrocarbons, such as ethane, ethene,
nature and abundance give valuable suggestions aboutind ethyne, have already been repofgi-25]
the best experimental conditions for the formation  In our laboratory, gas-phase ion/molecule reactions

of SiHg with propene[26], etheng]27], ethang28],
_— ethyne[28], and alleng29] have been studied by ion
- Corresponding author. Tel: 39-0116-707-510; trap mass spectrometry. Moreover, the ternary mix-
fax: +39-0116-707-591. '
E-mail address: lorenza.operti@unito.it (L. Operti). tures of silane/propene/phosphifig0] and silane/
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propene/ammoni31] were investigated in order to  introduced in the inlet system. Helium buffer gas was
find the experimental conditions leading to formation supplied at an extra-high purity grade and used with
of silicon carbides doped with phosphorus or nitro- no further purification. In all experiments using both
gen, which display semiconductor properties. As a propyne alone (self-condensation) and SEH,
development of this research, the highly unsaturated mixtures, the total sample pressure was always
propyne molecule is reacted with silane in the present 1.2x 10~ Torr (1 Torr= 1333 Pa). The overall work-
work, with the aim of investigating the overall ionic  ing pressure was approximatelyd8< 10> Torr after
reactivity and kinetics of the silane/propyne mixture helium introduction, as measured by a Bayard—Alpert
in the gas phase. ion gauge. The effective gas pressure is obtained from
the ion gauge reading after correction for the following
factors: (1) the sensitivity of the ion gauge with respect
2. Experimental to different gases (1.7 for silane, 2.16 for propyne, and
0.2 for helium[32]), and (2) the geometry-dependent
All the experiments were performed in an ITMS ion gauge calibration factor, determined as previously
Finnigan instrument. Silane and propyne were com- reported[4]. The temperature was set at 333K in or-
mercially purchased at a high purity grade and directly der to avoid thermal decomposition of the reactants.
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Fig. 1. Trends of the abundances of ion families vs. reaction time in propyne self-condensation experiments.
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Positive ions were formed by electron ionization at of the main processes observed. This procedure was
about 35eV for times in the 10-50ms range. lons followed for the study of both self-condensation of
were detected in the 14-300u mass range. The scanpropyne and reactions of silane/propyne systems. In
functions used to investigate the reactivity of the ions this latter case, several signals were observed which
(no isolation step) to derive the successive reaction could be attributed to two different isobaric species,
paths, and to determine the kinetic constants (selectivee.g., atm/z 42 (GHs*T and SiCH™). When two
isolation steps), are described elsewhere, as well as theisobaric species can be hypothesized from reactions
calculation procedurg44-16,33] The first step of in- of a selected ion with the two neutrals, experiments
vestigation consists of reaction of the ionized gaseous performed by varying the pressure of one reagent and
mixture for a suitable reaction time (usually ranging keeping the other one constant often allowed to rule
from O to 1s) in order to detect the main ion species out the formation of one of the two possible ions.
formed and to follow the variation of their abundances If both the isobaric species were formed, the double
with reaction time. In successive experiments, all the isolation method could permit to selectively isolate
ions formed with enough abundance (ca. 2%) are each of them. This method consists of selecting a
isolated by superimposition of rf and dc voltages and precursor ion which reacts to give only one among
reacted with the neutral molecules in order to identify two or more isobaric ions. If the suitable precursor is
the ion products and to measure the rate constantsavailable, its selection and reaction yields the desired
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ion which may in turn be isolated and reacted. This The overall abundance of the primary ions rapidly de-
multiple-stage isolation method may be extended up creases up to 200 ms, and then levels out. This may be
to the second step only, as the abundances of theascribed to the fact that some primary ions, apart from
ions decrease with increasing number of isolation reacting, are also formed in ion/molecule reactions (as

steps.

3. Results and discussion
3.1. Propyne

lonization of propyne with 35eV electrons gives
the primary GH,* (n = 0-4) and fragment g4,
(n = 3 and 4) ion species, which react with propyne
to give several charged species of higher mags. 1

an example, €H4™ yields the GH,—4 ions). More-
over, it may be observed that heavy ions are formed
with good abundances and, in fact, thgglg,™ ion
family is the most abundant after 600 ms reaction time.
Schemes 1 and &&port the reactions originated from
primary ions of propyne with odd and even number of
electrons, respectively (primary ions are in bold char-
acters). Moreover, iBcheme the successive reaction
steps of secondary ions with an even number of hy-
drogen atoms are shown, wheregasheme displays
the paths from ions with an odd number of hydrogens.

shows the trends of the abundances vs. reaction timeThe GHs™, CsHs™, and GH7™ ions are rapidly

for ion families with the same number of C atoms.
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Table 1

lon/molecule reactions in propyhe

Reaction Kexp > kexp Keollisional® Efficiency’
CoHst + C3Hs — C3Hs™ + CoHo» 9.5 9.5 17.42 0.54
(:2H4Jr + C3Hs — C3H2Jr + CyHg 0.58

CoHat + C3Hy — C3Hz™ 4+ CoHs 9.9

(:2H4Jr + C3Hs — C3H4Jr + CoHg 0.53

CoHat + C3Hy — C3Hs™ + CoH3 0.54

CoHst + C3Hgy — C4Hs™ 4 CHs 0.31 11.9 17.23 0.69
C3H* + C3Hs — CoHst + C4H» 1.6

C3H+ + C3Hg — C4H3,+ + CoH» 9.4

C3H* + C3Hs — CeHst + Ho 0.28 11.3 15.96 0.71
C3H2Jr + C3Hs — C3H3Jr + C3H3 1.5

C3Hot + C3Hg — C4Hs™ + CoHo 5.3

C3H2Jr + C3Hs — C5H3Jr + CH3 0.59

C3Hot + C3Hy — CgHs™ + H 1.3 8.7 15.85 0.55
C3H3+ + C3Hs — C4H5+ + CoH» 0.32

C3H3st + C3Hgy — CgHst + Hao 1.5 1.8 15.74 0.11
C3H4+ + C3Hs — C3H5+ + CzH3 0.80

C3Hst + C3Hy — CgHst +Ho +H 0.55

C3Hst + C3Hgy — CgH7™ +H 5.1 6.4 15.64 0.41
C3Hst + C3Hg — CsHs™ + CoHa 1.1

CsHs™ + C3Hq — CsHst + CHy 0.20

C3Hst + C3Hgy — CgH7t + Hao 2.8

C3Hs* + C3Hs — CgHg™ + H 0.78 49 15.54 0.31
Cy4H3t + C3Hgy — C3Hs™ + C4H» 1.0

C4Hzt + C3Hs — CsHst + CoHo 5.0 6.0 14.77 0.41
Cy4Hst + C3Hy — C7H7;T +H 6.5 6.5 14.71 0.44
C4Hst + C3Hgy — CgHs™ + CHy 1.9

C4H5Jr + C3Hg — C7H7Jr + Ho 1.1

C4Hst + C3Hg — C7Hg™ + H 0.32 33 14.65 0.22
CgH3z™ + C3Hs — CgHs™ + CoH» 0.95 0.95 14.14 0.067
CsHst + C3Hgy — CgH7™ 4+ CoHo 1.3

CgHs™ + C3Hs — CgH7™ + H» 0.50 1.8 14.06 0.13
CeHst + C3Hg — C7H7T 4+ CoHo 1.2

CeHs™ + C3Hs — CgH7T + H» 2.5

CeHst + C3Hgy — CoHg™ + H 0.38 4.1 13.63 0.30
CeHgt + C3Hs — C7Hg™ + CoH» 0.36

CeHgt + C3Hs — CgHgt + Hy 0.94 1.3 13.60 0.096
CgH7T + C3Hs — C7H7T + CoHy 0.20 0.20 13.57 0.015
CeHgt + C3Hy — C7Hg™ + CoHgy 0.24 0.24 13.54 0.018
C7H7t + C3Hs — CioHot + Ho 0.18 0.18 13.27 0.014
Cr7Hg™ + CsHs — CigHio" + H2 0.44

C7Hg" + C3Hg — CyoH1o™ 0.62 1.1 13.25 0.083
CgH7+ + C3H4 — C12H9+ + H»o 0.23

CoH7T + C3Hs — CpoHpgt 0.32 0.55 12.84 0.043

aRate constants are expressed as'?6m? molecule® s~1; uncertainty is within 20%.

b Collisional rate constants have been calculated according to the Parametrized Trajectory[3bletaing the polarizability and the
dipole moment of propyne from ref§36] and [37], respectively.

¢ Efficiency has been calculated as the rafitkexp/ kcoliisional-
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and 2, and in turn react to give, through multiple Experimental and collisional rate constants, and re-

reaction steps, the heaviest ions detected under theaction efficiencies of the main reactions taking place

present experimental conditions, such askG " and after ionization of propyne, are reportedTiable 1 In

Ci13H13™ (Scheme 2 Scheme Also reports reactions  agreement with literature dafa4], most of the high

of the GsHet and GHs™ ion species. Both ions are  rate constantsk(> 5.0 x 10~1%cm?® moleculets1)

formed through several low efficiency pathways, each are referred to reactions in which the neutral loss is

of them never exceeding 2% of abundance. However, CoH2 or H, the former being characteristic of highly

at long reaction times their total abundance is high unsaturated species, and the latter of the less un-

enough to allow their selection and reaction. saturated ones. Reactions of the secondary ions are
The reactions originated from the€ (m/z 36) ions generally less efficient with respect to those of the

are reported in a separate schef@eheme Bfor sake primary ion species. The high mass ions mainly react

of clarity because of the large number of pathways to give association products, with low rate constants.

detected. Moreover, as the non-hydrogenatgt iGn

species is little abundant and very reactive, as well as 3.2, Slane/propyne

the ions produced in the following steps, the deter-

mination of rate constants of the processes was not Three different Sild/CsH4 mixtures with pressure

possible. ratios of 1:1, 1:5, and 5:1 and total pressure of about
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Fig. 2. Trends of the abundances of Si- and C-containing ions in three differeptCgHt; mixtures, with partial pressure ratios of 1:1,
1:5, and 5:1, respectively.

1.2 x 108 Torr were reacted up to 1s, in order to experiments), it was not possible to report in a plot
determine which pressure ratio gave the best yield of the abundances of all ion families vs. time. Therefore,
mixed ion species. The variation of the abundances the trends of ion abundances vs. reaction time shown
of ions containing both carbon and silicon atoms vs. in Fig. 3only concern the most abundant ion species,
time is reported irFig. 2 for the three mixtures. The  which exceed the arbitrarily set threshold of 5%, and
highest yield is reached in the SiKC3H4 1:1 system, are almost exclusively mixed ions. At low reaction
and hence this pressure ratio was adopted in the fol- times (<100 ms), the most abundant ions arendt
lowing experiments. The lowest yield of mixed ions 45 (SiCH;™), 59 (ShH3™, SiGH7™), 67 (SiGH3™),

in the SiH/C3H4 1:5 mixtures is probably due to the and 79 (GH7™), with abundances of about 6-8%. The
more favored self-condensation processes of propynecontribution to the peak at/z59 of ShH3™ is roughly
with respect to reactions with silangable 2reports estimated by comparison with self-condensation ex-
the percentage abundances of the main ions observecperiments, and the remaining abundance is assigned
in the SiHYC3H4 1:1 mixture at different reaction  to the SiGH;™ ion, which is the only one among the
times ranging from 0 to 1s. As several isobaric ions two isobaric species that exceeds the 5% threshold
are formed in these processes (in parentheses are th@bundance. At longer reaction times, the abundance
less abundant species, as evidenced by ion isolationof the isobaric ions SCHs™ and SiGHg* atmvz 73
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Table 2
Relative abundances of significant ions in the ion trap mass spectra of théCglitd 1:1 mixture as a function of the reaction time
lon Reaction time (ms)

0 30 50 75 100 300 500 700 900 1000
CoHst 3.13 0.60 0.30 0.14 — - - - - -
CoHa™, Sit 4.59 151 0.86 0.46 0.25 - - - - -
SiH*, (CHs™) 4.57 3.02 1.90 1.07 0.64 — - - - -
SiHy ™ 10.25 4.62 2.52 1.53 0.95 - - - - -
SiHz™ 11.15 7.80 5.39 3.30 2.13 0.10 - - - -
CaH* 3.98 1.38 0.85 0.80 0.87 0.68 0.67 0.61 0.64 0.59
C3Hot 6.56 2.56 1.90 1.62 1.53 1.42 1.10 1.24 1.10 1.16
CaH3z™ 18.8 15.0 11.5 9.44 8.09 5.60 5.45 5.63 5.86 5.96
C3Hat 14.99 4.77 4.16 3.43 2.86 1.95 2.05 2.16 2.25 2.30
CzHst 2.82 4.00 3.80 2.88 2.53 1.54 1.26 1.25 1.25 1.23
SiCHyt, CaHg™ 0.93 1.86 2.05 1.83 1.44 0.59 0.41 0.30 0.23 0.21
SiCHs* 1.74 4.97 5.69 5.77 5.37 1.91 0.93 0.58 0.34 0.34
SiCHst 1.24 2.51 2.29 2.26 2.12 0.69 0.34 0.24 0.19 0.19
SiCHs* 2.15 7.55 8.68 8.29 7.15 1.46 0.67 0.66 0.77 0.82
C4Hst 0.71 1.32 1.24 0.99 0.70 0.11 — - - -
CqHy™ 0.65 1.33 1.35 1.19 0.94 0.39 0.16 - - -
C4Hst 0.82 1.87 1.99 2.03 1.93 0.50 0.28 0.16 0.15 0.12
C4He™, (SIGH,T) 0.27 0.66 0.54 0.68 0.72 0.33 0.15 - - -
SiCoH3t 1.28 2.76 2.90 2.73 2.46 1.17 0.52 0.23 0.16 -
SiCGH4™, (C4Hg™) 0.16 0.51 0.55 0.65 0.68 0.45 0.19 - - -
SiCHsT 0.50 1.06 1.16 0.92 0.79 1.12 0.45 0.18 - —
SipHyt, (SiGH) 0.76 1.96 2.25 1.99 1.51 0.96 0.28 - - -
SiGH7 T, (SikHst) 0.56 3.19 5.17 7.51 8.88 3.90 1.13 0.43 0.23 0.22
SipHa+ 0.74 1.78 1.80 1.48 2.03 1.09 0.27 - - -
SipHg™ 0.17 0.47 0.54 0.53 0.53 0.54 0.17 - - -
CgH3z™ 0.19 0.35 0.35 0.34 0.33 0.25 0.24 0.23 0.23 0.21
CsHg T 0.32 0.75 0.97 1.16 1.28 1.10 1.12 1.11 1.05 1.02
SiCgH2 ™, (CsHg™) 0.32 0.80 0.94 0.66 0.78 1.35 1.34 1.31 1.22 1.20
SiCzH3t 1.25 4.30 5.74 7.08 7.70 6.07 5.38 5.12 4.85 4.79
SiCsHst 0.30 0.86 1.16 1.38 1.39 1.65 1.56 1.50 1.47 1.44
SiCaHst 0.80 2.59 3.28 3.78 3.73 1.59 0.95 0.84 0.82 0.80
SiCzHg™, SbCH,* 0.17 0.52 0.66 0.68 0.72 0.89 1.70 1.96 2.14 2.27
SiCzH7 T 0.25 0.80 1.00 1.15 1.13 0.92 1.19 1.67 1.83 1.84
Si;CHs™, (SiGsHg™) - 0.21 0.61 1.55 3.00 16.4 19.9 20.3 20.3 20.5
Si,CHg™ - 0.14 0.19 0.27 0.38 3.97 5.98 6.48 6.60 6.62
Si,CH;* - 0.12 0.17 0.23 0.28 0.76 1.23 1.75 2.07 2.17
CeHs™ 0.81 2.30 2.58 2.52 2.23 0.78 0.43 0.38 0.40 0.37
CeH7 T 1.75 4.75 5.91 6.73 7.22 6.39 4.74 3.86 3.36 3.14
CeHg™ 0.10 0.30 0.41 0.50 0.54 1.24 1.27 1.10 0.97 0.91
SiC4Hs5™ - 0.33 0.73 1.28 1.77 2.10 1.12 0.78 0.59 0.52
SiC4H7 T, SbCoHs™ — 0.42 0.78 1.24 1.59 1.71 0.99 0.60 0.41 0.36
SiC4Hg™, ShCoHs™ - 0.10 0.20 0.39 0.55 0.94 0.55 0.29 0.18 0.12
C7H,+ — 0.39 0.82 1.32 1.76 3.11 2.88 2.58 2.25 2.05
C7Hgt — — - - 0.14 0.37 0.84 1.11 1.20 1.21

increases and becomes the highest after about 200 mevident that the trend ofrvz 73 is more similar to
of reaction. By considering ions of the same fami- that of SpCHg™. In fact, it increases and reaches a
lies, i.e., S)CHg™ and SiGHs*, respectively, and plateau at, more or less, the same time ofrtiie 74
their variation of abundance with reaction time, it is curve, whereas the abundance of $iig™ reaches a
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Table 3

lon/molecule reactions of the 3, ™ ions with propyne and of the fH, " ions with silané

Reaction Kexp 3 kexp Keollisional® Efficiency’
SiHt + C3Hg4 — SiCHst™ + CoH» 14

SiH + C3Hy — SiC3H3Jr + Ho 0.76

SiHt + C3Hs — SiCsHs™ + H 0.53 15 17.05 0.90
SiH2Jr + C3Hs — SngJr + C3H3 5.0

SiHp,* 4+ C3Hs — SICHo™ + CoHa 3.7

SinJr + C3Hs — SiCH4Jr + CoH» 1.2

SiH,* 4+ C3H4 — SiGH3t + CH3 5.2

SinJr + C3Hs — SiC?,H3Jr +Hy +H 0.37

SiH,* 4 C3Hs — SiC3Hst + H 2.8 18.3 16.88 1.08
SiH3Jr + C3Hs — SiCH?,Jr + CoHg 1.2

SiHz* 4 C3Hs — SiCHst + CoH» 12 13 16.73 0.78
Si2H3Jr + C3Hs — SiCH3Jr + SiCHs 1.6

SigH3™ + C3Hyq — SiCsHs™ + SiHp and/or S;CHT + CyHg 0.60

Si2H3+ + C3Hs — SizCH3+ + CoH4 and/or SiQH7+ + Si 1.7

SipH3s* + C3Hs — SibCHst + CoH» 0.70

Si2H3+ + C3Hy — Si2C3H3+ + 2Hz 0.77

SipH3s* + C3Hs — SibCsHs™ + H» 0.78 6.2 14.32 0.43
Si2H4+ + C3Hs — SiC3H5+ + SiH3 4.2

SipHst + C3Hs — SibCHst + CoHy 1.4

SipHs™ + C3Hs — SibCHs™ + CoH3 0.68

SipHsT + C3Hs — SibCHgt + CoHa 0.60 6.9 14.27 0.48
Si2H5+ + C3Hs — SiC3H5+ + SiHg 0.71

SipHst + C3Hs — SiCsHgt + SiH3 0.34

Si2H5+ + C3Hs — SizCH5+ + CoHg 1.4

SipHst + C3Hsa — SibCH;t + CoHa 2.7 5.2 14.23 0.36
C3H* + SiHs — SiCHs*™ + CyH» 3.4

CsHt + SiHg — SiCHot +Hy + H 1.6

C3H* + SiHs — SiC3H3z™ + H» 1.9 6.9 11.75 0.59
CsHo™ + SiHs — SiCHst + CyH3 1.2

C3H>* + SiH4 — SiGH3zt + CH3 0.92

CsHo™ + SiHs — SiCHst + Hy +H 0.86

C3Ho* + SiH4 — SiCzHs™ +H 0.39 34 11.68 0.29
CsH3z™ + SiHs — SiCHst + CoH» 0.50 0.50 11.61 0.043
C3H4t + SiHs — SICHy™ + CoHgy 2.3

CsHs™ + SiHs — SiCHst + CHs 0.77

C3Hs™ + SiHy — SiC3H;T +H 0.40 3.5 11.54 0.30
CsHs™ + SiHs — SICHst 4+ CoHg 1.3 1.3 11.48 0.11
C4H3z™ + SiHgy — SiCHst + CoH» 0.45 0.45 10.98 0.041

aRate constants are expressed as'98me molecule s~1; uncertainty is within 20%.

b Collisional rate constants have been calculated according to the Parametrized Trajectory [BEgdaking the polarizability of
propyne from ref[36] and that of silane from re{38] and the dipole moment of propyne from rg7].

¢ Efficiency has been calculated as the rgfitkexp/ kcolisional-

maximum at a shorter reaction time and then de- Table 3displays the reaction rate constants of ions
creases. Such behavior suggests that the sigmafzat  from silane with propyne and of ions from propyne
73 is mainly due to the $CHs™ ion species. Further,  with silane, whileTable 4 reports the reaction rate
it is quite unlikely that the unsaturated propyne can constants of mixed ions with both propyne and silane.
originate a highly hydrogenated abundant species, Collisional rate constants and reaction efficiencies are
such as SigHg™. also reported in the tables. lons from silane react with
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Table 4

lon/molecule reactions of the ,&,,H,™ ions with propyne and silafe

Reaction Kexp 3 kexp Keollisional® Efficiency®
SiCHyt + C3Hg — SiCHoT + CoHy 0.82

SiCHzJr + C3Hy — SiC3H3Jr + CHs 10

SiCHyt + C3Hg4 — SiCzH4T + CHo 0.32

SiCHy™ + C3H4 — SiC4Hs™ + H 1.0 12 15.45 0.78
SiCHyt + SiH4s — SibCHst + Ho 2.2 2.2 11.42 0.19
SiCHQ,+ + C3Hg — SiCzH;:,Jr + CoHg 1.2

SiCHz™ + C3H4 — SiC4Hs™ +H 1.4 2.6 15.36 0.17
SiCHs*t + C3H4 — SiCHz™ + C3Hs 0.68

SiCHst + C3Hg — SiCH4T 4+ CoHg 1.0

SiCH4+ + C3Hg — SiC2H6+ + CoH» 1.6

SiCHst + C3Hg4 — SiCHs™ + CH3 3.8

SiCH4+ + C3Hg — SiC4H6Jr + Ho 0.41

SiCHy™ + C3H4 — SiC4H7T +H 0.81 8.3 15.28 0.54
SiCHst + SiHs — SiCHs™ + SiH3 2.0

SiCHst + SiHg — SipHz™ + CHs4 + H 0.69 2.7 11.30 0.24
SiCHs* + C3H4 — SiGH7T + CoH» 9.9 9.9 15.20 0.65
SiCH3T 4+ C3Hs — SiCzHst + CoHg 1.3

SiCzH3+ + C3Hs — SiC3H5+ + CyH» 1.9

SiGH3t + C3Hs — SiCsHs™ + Hp 21 53 14.53 0.36
SiCzH5+ + C3Hs — SiC3H5+ + CoHa 1.2

SiCHs™ + C3Hs — SiCzH7tT + CoHo 3.5

SiCHs™ 4 C3Hs — SiCsH7tT + Ho 1.7 6.4 14.42 0.44
SiCH7;T 4+ C3Hs — SiCzHot + CoHo 7.5 7.5 14.32 0.52
SiC3H, T 4 C3H4 — SiCgHs™ + H 4.8 4.8 14.02 0.34
SiCzHs™ + C3Hs — SiC4Hst + CoHg 2.3

SiC3H5+ + C3H4 — SiC4H7+ + CyH» 1.3 3.6 13.90 0.26
SiCgH7T + C3Hs — SiC4H7tT + CoHg 1.9

SiC3H7+ + C3H4 — SiC4H9+ + CyH» 2.0

SiCzH7T + C3Hs — SiCgHo™ + Ho 2.0 5.9 13.83 0.43
SiC4H5+ + C3Hg — SiCH3+ + CgHs 1.4

SiC4Hs™ + C3Hs — SiC7H7T + Ho 2.3 3.7 13.52 0.27
SiC4H5+ + SiH4 — Si2C2H5+ + CoHg 0.86

SiC4Hs™ + SiHs — SibC4H7T + H> 0.91 1.77 10.16 0.17

aRate constants are expressed as'26m® molecule ! s~2; uncertainty is within 20%.

b Collisional rate constants have been calculated according to the Parametrized Trajectory [BBgdaking the polarizability of
propyne from ref[36] and that of silane from ref38] and the dipole moment of propyne from ré37].

¢ Efficiency has been calculated as the rgfibkexp/ kcollisional-

propyne with very high efficiency for the light ions to silane. The same trend is observed for mixed ions,
and lower for the heavy ion species. Condensation re- which preferably react with propyne, giving ion clus-
actions are frequently observed, and are followed by ters with increasing number of carbon atormalgle 4.
hydrocarbon or hydrogen, both as atom and molecule, It is worth noting that the SiCki" ion yields SiGHs™
neutral loss. In reactions of propyne ions with neutral and vice versa through different reactions, thus intro-
silane, the efficiency is never very high; a lower num- ducing an error in the calculation of the respective rate
ber of pathways are observed and hydrocarbon radicalsconstants, which is evaluated to be lower than 50%. In
or molecules are the most frequent neutral losses. Thisall other cases, uncertainty in the rate constants mea-
behavior is in agreement with the higher reactivity of surements is within 20%. Due to mass overlapping, the
the unsaturated propyne towards cations, with respectreactivity of some ion species, such a3 @hd GH4™
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Fig. 3. Trends of the abundances of ions families whose abundance exceed the 5% threshold in/@gH$iH1 mixture.

(m/z 28), was not studied as no experiment could af- the binary mixture, most of the fast processes lead
ford the isolation of only one of the two ions. In other to formation of mixed ions, and this is encouraging
cases, the double isolation method allowed to select in view of the synthesis of silicon carbides from ap-
a single isobaric ion, provided that its abundance was propriate gaseous mixtures. The 1:1 pressure ratio
high enough to get an appreciable signal-to-noise ra- among silane and propyne gives the highest yield of
tio. This condition is not always fulfilled, and this is mixed ions. In particular, the most abundant species
the reason why some ions do not appear in the table. are SiCH™ (n = 2-5), SiGH,* (n = 2-7), and
SiCszH, ™ (n = 2-7) for reaction times up to 150 ms,
and subsequently, the 8IH,™ (n = 2, 4-7) ion
4. Conclusions family. Comparison with silane/hydrocarbon systems
previously studied26-29] confirms the attitude of
lon/molecule reactions in propyne and in the Si-and C-containing ions to preferably react with the
silane/propyne mixtures have been studied by ion trap unsaturated hydrocarbon molecules, leading to mixed
mass spectrometry and experimental rate constantsions with increasing content of C with respect to Si.
for the main processes were calculated. The high re- In a previous papef26b], it was demonstrated by
activity of propyne towards positive ions, due to the means of B3LYP calculations that silicon-containing
presence of twar-electron pairs, leads to the forma- ions preferably react with propene with respect to
tion of several ion products with high efficiencies, silane, due to the higher entropy of the cluster formed
even if each rate constant is generally rather low. In in the ion/molecule reactions withzEs. Therefore,
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we may presume the same origin for the observed [16] (a) P. Antoniotti, L. Operti, R. Rabezzana, M. Splendore, G.

selectivity towards propyne, even if this could be
ascertained only by the theoretical study.
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