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Abstract 

Phosphine/methylsilane mixtures investigated by ion trap mass spectrometry and reaction pathways together with the rate constants of 
the main reactions are reported. Mechanisms of ion/molecule reactions have been elucidated by single and multiple isolation steps. The 
SiHI (n = O-3) ions react with phosphine to give mainly the SiPHI: (n - l-4) ion family. These ions further react with phosphine or 

methylsilane to yield SiP,HT (n = 2, 4) and Si,CPH: (n = 5-8) ions respectively. Mixed SiPHl (n = 3, 4) ions also originate from the 
PH: (n = I, 2) phosphine primary ions. Hydride abstraction from methylsilane is a very common process, which takes place from a great 
number of ionic precursors, including the PHZ (n = O-2) ions, yielding the SiCH: species. Trends in relative abundance, respectively 

summed for the SiCPHz (n = 5,6), Si,CPH: (n = 5-8) and Si,C,PHz (n = 7-12) families of ions as a function of reaction time for 
different PH,/CH,SiH, pressure ratios, show that the nucleation of mixed Si-P ions proceeds to a lower extent with excess phosphine 
and is not substantially influenced by excess methylsilane. 
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1. Introduction 

Recently, mechanisms and kinetic rate constants of 
ion/molecule reactions in gaseous systems containing 
volatile hydrides of elements of Groups 14 and 15 or 
their mixtures have been determined by Fourier trans- 
form and ion trap mass spectrometry [l-61. These stud- 
ies give valuable information from a theoretical point of 
view on the chemistry of these systems in the absence 
of perturbation due to the environment. Moreover, they 
allow interesting insights into the role of ion species in 
the deposition of amorphous solids containing elements 
of Groups 14 and 15 from appropriate gaseous systems 
by radiolytical and plasma methods [7,8]. 

As part of a study on the gas phase reactivity of 
systems containing hydrides such as GeH,, SiH, or 
their methyl derivatives with ammonia and phosphine, 
in this paper we report the gas phase ion/molecule 
reactions of the PH,/CH,SiH3 system. The reaction 
mechanisms have been elucidated by isolation of the 
main ion species and the rate constants of the first and 
second reaction steps have been determined by ion trap 
mass spectrometry. They have been compared with 
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collisional rate constants calculated according to the 
average dipole orientation (ADO) theory [9]. The results 
have been discussed with respect to those of the related 
NHJSiH,, NH,/CH,SiH, and PH,/SiH, systems 
[5,4,101. 

2. Experimental section 

Methylsilane was prepared and purified as described 
in the literature [ 1 l]. Phosphine, helium and argon were 
obtained commercially in extra-high purity and were 
used without further purification. Experiments were run 
on a Finnigan Mat ITMS 70 ion trap mass spectrometer, 
at a temperature of 333 K, in order to obtain data 
comparable with previous results [5,6,10,12]. The pres- 
sures were measured and corrected as reported in previ- 
ous papers [3,4]. Phosphine and methylsilane were ad- 
mitted into the trap at pressures in the range (l-4) X 
10e7 Torr and helium or helium/argon (4 : 1) mixture 
buffer gases were added to a pressure of about 5.0 X 
1O-4 Torr. 

Four different kinds of scan mode for ion/molecule 
reaction experiments were used. Each of them has been 
previously described in detail [3 -5,101. In the first kind 
of experiment [3], all the ions were stored for times 
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Table 1 
Rate constants for reacttons of SiH: (FZ = O-3), SiCH: . and Si,CHi (n = 4-6) ions wtth PH, in a PH,/CH,SiH, mixture a 

Reaction k 
.=P CL, k b ADO Efficiency ’ 

Si++ PH, -+ SiPH++ H, 5.1 5.1 15.06 0.34 
SiH++ PH, + SiPH; + Hz 5.4 5.4 14.91 0.36 
SiH; + PH, + SiH; + PH, 5.8 

-PHi + SiH 0.6 
+ SiPHf + H, 2.9 9.3 14.78 0.63 

SiH; + PH, + SrPH: + H, 1.7 1.7 14.65 0.12 
SiCH: + PH, + SiCHf + PH, 14 14 13.47 1.04 
Si,CH: + PH, -+ Si,CPH; + H, 4.2 4.2 12.28 0.34 
Si,CHl + PH, + Si,CPH6+ + H, 3.1 3.1 12.25 0.25 
Si,CHl + PH, + SiCHl + SiPH, 1.5 1.5 12.22 0.12 

a Rate constants are expressed as lo-” cm3 mol-’ s-‘; experiments were run at 333 K; uncertainty is within 20%. b Rate constants have been 
calculated according to the ADO theory [9] taking the dipole moment of phosphine from Ref. [16] and the polarizability of phosphine from Ref. 
[17]. ’ Efficiency has been calculated as the ratio Ckexp/kADO. 

ranging from 0 to 500 ms to study the variations of ion 
abundance as a function of reaction time. The other 
three experiments all consisted of the isolation of se- 
lected ion species in order to determine ion/molecule 
reaction pathways and rate constants. Isolation was 
performed in a single step applying suitable r.f. voltages 
[lo, 13,141, the so-called resonance ejection isolation, or 
a superimposition of r.f. and d-c. voltages to the trap 
[3,4]. This last procedure was used in multiple isolation 
steps [5] for those ions having the same nominal mass 
but different composition. Moreover, the presence of 
some ions, such as SiPHz (n = 3, 4), at the same 
nominal mass as P$ (m/z 62) and P, H+ (m/z 63) 
respectively has been confirmed by comparing their 
abundances in experiments in which the partial pressure 
of CH ,SiH, has been reduced to zero and increased 
again to the original value by a manual closing and 
opening of the entrance of the lines to the trap. 

In all experiments, ionization was effected by elec- 
tron beam bombardment for ionization times in the 
range 1- 10 ms, at starting mass 10 u. In the experi- 

ments without ion isolation, the ionization event was 
followed only by reaction (time ranging from 0 to 500 
ms) and acquisition in the lo-250 u mass range. When 
a single ion isolation step was performed, either with or 
without application of a d.c. voltage, ionization was 
followed by a reaction time suitable to maximize the 
abundance of the ions to be stored. Isolation of the 
selected ions, their reactions with neutrals present in the 
trap for convenient reaction times, and acquisition were 
carried out successively. In multiple isolation steps ex- 
periments, reaction of the isolated ions with neutral 
gases was followed by isolation of one of the secondary 
ion products which, in turn, was reacted for suitable 
reaction times. Acquisition and interscan periods com- 
pleted the experiment. 

Rate constants were determined for reactions, differ- 
ent from self-condensation processes, of SiHz (n = O- 
31, SiCHi, Si,CHi (n = 4-6). PHZ (n= O-3), P,Hi 
(n = O-3), and SiPHz (n = l-41, in a phosphine/ 
methylsilane mixture. The presence of helium or he- 
lium/argon mixture buffer gases at different pressures 

Table 2 
Rate constants for reactions of PH: (n = O-3) and P,Hz (n = O-3) tons with CH,SiH, in a PH,/CH,SiH, mixture a 

Reactton k 
-P =elp k b ADO Efficiency ’ 

P++ CH,SiH, + SrCH; + PH 9.5 9.5 15.95 0.60 
PH++ CH,SiH, + SiCH: + PH, 11.6 

-+ SiPHl + CH, 0.58 12.2 15.79 0.77 
PH: + CH,SiH, + SiCH: + PH, 14 

+ SiPHi + CH, 0.54 14.5 15.65 0.93 
PHT + CH,SiH, +PH: + SIGH, 15 15 15.52 0.97 
P; + CH,SIH, + SiCH; + P,H 7.3 7.3 13.35 0.55 
P2H++ CH,SrH3 -+ SiCHl + P,H, 6.4 6.4 13.30 0.48 
P,Hl + CH,SiH, + P,Hi + SiCH, 5.3 

+ SiCPH; + PH, 1.7 7.0 13.26 0.53 
P,H: + CH,SiH, + SrCH; + P2H, 0.74 

+ SrCPH,I + PH, 2.1 
+ SiCP,Hi 1.4 4.2 13.22 0.32 

a Rate constants are expressed as lo-” cm3 mol-’ s-l; experiments were run at 333 K; uncertainty is within 20%. b Rate constants have been 
calculated according to the ADO theory [9] taking the dipole moment of methylsrlane from Ref. [18] and calculatmg the polarizability of 
methylsilane as in Ref. [19]. ’ Efficiency has been calculated as the ratio Ekcxp/kADO. 
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does not affect these measurements. Every value re- 
ported is the average of at least three different experi- 
ments and the uncertainties of the measurements fall 
within 20%. 

As both parallel and consecutive ion/molecule reac- 
tions have been observed. which in some cases give the 
same ion product, the determination of rate constants 
requires complex calculations which have been de- 
scribed previously [4,5]. Further experiments were also 
performed with isolation of every product ion, the suc- 
cessive reaction of each isolated ion species revealing 
its contribution to the formation of ion species common 
to different ionic precursors. Moreover, in some reac- 
tions a unique ion precursor yields a unique product ion 
by reaction with both neutral reactants. In such cases, as 
the reaction of SiCHi with both CH,SiH, and PH, to 
give SiCH: or the reaction of PH: with both neutral 
reagents to give PH: , the rate constants of formation of 
SiCHl [6] and PH; [ 151 measured in self-condensation 
have been subtracted from the rate constants determined 
in the PH,/CH,SiH, mixture. The results are the rate 
constants for formation of SiCHl from SiCHi and 
PH, (Table 1) and of PHZ from PH: and CH,SiH, 
(Table 2). 

Thermalization of reactant ions was obtained in a 
short time by unreactive collisions with helium or he- 
lium/argon mixture buffer gases which are present in 
the trap at a pressure of 5.0 X 10-j Torr. The efficiency 
of ion cooling was indicated by the single exponential 
behaviour of plots and by the similarity of results 
obtained in experiments involving isolation with or 
without application of a d.c. voltage. 

3. Results 

Fig. 1 reports the logarithmic plots of the decrease in 
relative abundance of the P+, PH+ and PH; ions with 
reaction time. The correlation coefficients show an ap- 
preciable curve fitting of the experimental points. Very 
similar coefficients have been obtained for all the other 
plots of the reacting ions. 

Fig. 2 shows the variation of the relative abundances 
summed for the SiHz (n = O-3), SiCH: (n = 2-51, 
PH: (n = O-3) ion families, and of PH: as a function 
of time for the PH, (1.6 X lo-’ Torr)/CH,SiH, (1.6 
X lo-’ Torr) mixture. The abundances of the ion fami- 
lies PHZ, SiH:, and SiCHl decrease with reaction 
time, the PH]: ions showing a sharper decrease than the 
corresponding silicon-containing ions. In contrast, PH: 
displays an increase in abundance during the time range 
considered here. For the same mixture and in the same 
time range, Fig. 3 reports the relative abundances of the 
primary ions of CH,SiH,. The abundances of all ions 
decrease with reaction time, as expected, the only ex- 
ception being the SiCHl ion species. In fact, its abun- 
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Fig. 1. Plot of In[P’ 1, In[PH’ 1, and ln[PHf ] versus reaction time for 
the reactions of P+, PH’, and PHZ in the PH,/CH,SiH, mixture. 

dance increases, reaches a maximum and decreases only 
after 100 ms of reaction. This trend indicates that the 
primary ion SiCH, + is also produced in ion/molecule 
processes and is responsible for the slower decrease of 
the SiCHz (n = 2-5) ion family compared with the 
PHZ (n = O-3) ions of Fig. 2. 

In Fig. 4. the relative abundances summed for the 
secondary SiPH,f (n = l-4) and SiCPHz (n = 5, 6) 
families of ions are reported as a function of reaction 
time for mixtures containing PH 3 and CH,SiH, at 1: 1 
partial pressure ratio. The abundances of both ion fami- 
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Fig. 2. Variation of relative abundances with time for SIH~ . SiCH, , 

PH:, and PH: Ions in a PH, (1.6~ 1O-7 Torr)/CH,SiH3 (1.6X 
lo-’ Torr) mixture. 
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Fig. 3. Variation of relative abundances with time for SiCH;, 
SiCH;, SIGH:. and SiCH: ions in a PH, (1.6 x 1O-7 
Torr)/CH,SiH, (1.6X 10m7 Torr) mixture. 

lies show the same trend, that of SiPHz (n = l-4) 
reaching a higher value. 

Fig. 5 shows the variation of the combined relative 
abundances of SiCPHz (n = 5, 6), Si,CPHz (n = 5-8), 
and Si,C,PHi (n = 7-12) ions with time in 
PH,/CH,SiH, mixtures with 1 : 1, 1: 5, and 5 : 1 par- 
tial pressure ratios. It is evident that Si-P clustering 

proceeds to a lower extent with increasing PH, content 
in the reacting mixture. It is also worth noting that an 
excess of methylsilane is not more efficient than a 1: 1 
mixture in clustering reactions. 
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Fig. 4. Variation of relative abundances summed for the SiPHi and 
SiCPH: ion families with time in a PH, (1.6X 10e7 Torr)/CH,SiH 3 
(1.6X 10m7 Torr) mixture. 

In the tables the ion/molecule reactions occurring in 
PH ,/CH,SiH, mixtures are reported, together with the 
experimental rate constants for formation of ionic prod- 
ucts. The collisional rate constants are calculated ac- 
cording to the ADO theory [9] and the reaction efficien- 
cies are reported as the ratio of experimental to colli- 
sional rate constants. The known self-condensation pro- 
cesses of both methylsilane [6] and phosphine [ 151 occur 

as parallel reactions of the reported pathways, but are 
not shown for reasons of clarity. 

Tables 1 and 2 report the ion/molecule reactions of 
the main ions containing only silicon, carbon, and hy- 

Table 3 
Rate constants for reactions of SiPH,f (n = I-4) ions with CH,SiH, and PH, in a PH,/CH,SiH, mixture a 

Reaction k exP Eke,, k b ADO 

SiPH++ CH,SiH, ---) SiCH: + SiPH, 0.68 

Efficiency ’ 

+ Si,CH; + PH, 1.9 
* Si,CPH: + H, 2.9 5.5 13.44 0.41 

SiPH’+ PH, + SIP,H; + H, 2.9 
+ SiPHi + SiCH, 0.51 3.41 12.66 0.27 

SIPH; + CH,SiH, + SiCHl + SiPH, 0.45 
--+ Si,CPH,f + H, 1.8 
+ Si,CPHz 0.65 2.9 13.40 0.22 

SiPHi + CH,SiH, + SiCPH; + SiH, 1.5 
-+ Si,CHi + PH, 5.4 
+ SiCPHi + SiH, 2.3 
--) Si,CPHF + H, 1.1 10.3 13.35 0.77 

SlPHf +PH, + SiP,H: + H, 0.73 
--* SiPHi + PH, 4.6 5.3 12.59 0.42 

SiPH: + CH,SiH, + Si,CH: + PH, 3.0 
+ SiCPH6+ + SiH, 4.2 7.2 13.30 0.54 

a Rate constants are expressed as lo-” cm3 mol-’ s-l; experiments were run at 333 K; uncertainty is within 20%. b Rate constants have been 
calculated according to the ADO theory [9] taking the dipole moment of phosphine from Ref. [ 161, the polarizability of phosphine from Ref. 1171, 
the dipole moment of methylsilane from Ref. [18] and calculating the polarizability of methylsilane as in Ref. [ 191. ’ Efficiency has been 
calculated as the ratio ~k,,,/k,,,. 
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Fig. 5. Variation of relative abundances with time for the combined 
SiCPHl, Si,CPHz, and S&,PH: ion families in PH, /CH,SiH, 
mixtures with 1: 1, 1: 5, and 5: 1 partial pressure ratios. 

drogen with PH 3, and of the main ions containing only 
phosphorus and hydrogen with CH,SiH, respectively. 
Table 3 shows the reaction pathways of the SiPH: 
(n = l-4) ion family with both CH,SiH, and PH,. The 
PH: ion species is not shown in these tables as it is 
unreactive under the experimental conditions used here. 

The most frequent reaction pathway displayed by the 
SiHz (n = O-3) primary ions reacting with PH, (Table 
1) involves elimination of a hydrogen molecule to form 
the SiPH i ( n = l-4) ion family. SiH: is also involved 
in a hydrogen transfer from PH, to give SiHi , charac- 
terised by a rather high rate constant, and in a slow 
protonation of PH, to PHZ . Among the SiCH fj (n = 
2-5) primary ions of methylsilane, only SiCHi is 
observed to react with phosphine by a very fast hydro- 
gen transfer to form SiCH:. The secondary Si,CH: 
(n = 4, 5) ions react with PH, to give the Si,CPH: 
(n = 5, 6) ions with elimination of H,, the associated 
rate constants being rather high. Moreover, the Si,CHi 
ion species forms SiCH: at an appreciable rate by loss 
of an SiPH, neutral fragment. The Si,C,Hz (n = 6-9) 
ions, originated from the Si,CHtj (n = 4-7) family in 
self-condensation processes, react with PH, to yield the 
Si,C,PHz (n = 7-12) species. 

The PH; (n = O-3) ions show a good reactivity 
towards CH,SiH, (Table 2). but only when n = 1, 2 
are they precursors of mixed SiPHL (n = 3. 4) species 
with elimination of a hydrogen molecule in a very slow 
process. The fastest reaction of P+. PH+, and PHZ with 
methylsilane is hydride abstraction giving SiCHl , while 
PHI abstracts a H atom to give PH: as the sole 
product. Also, some phosphine secondary ions exhibit 
ion/molecule processes with methylsilane to give ion 

products containing new Si-P bonds. In fact, P,Hz and 
P,H l give the SiCPHi (n = 5, 6) ions by elimination 
of a phosphine molecule. Again, a common pathway is 
hydride abstraction from CH,SiH, and formation of the 
SiCH: ion with high efficiency for PC and P2H+ and 

. . 
low efficiency for P,Hf . An addition reaction is also 
displayed by P,Hz and methylsilane leading to the 
formation of SiCP, H z . 

The SiPHi (n = 1, 3) species react with both 
CH,SiH, and PH 3 (Table 3) and eliminate a variety of 
neutral fragments to form, among others, SiCPHi (n = 
5, 6), Si,CPHfj (n = 5, 7) and SiP,Hi (n = 2, 4) ions 
containing new Si-P bonds. In contrast, the SiPHz and 
SiPHi ions react only with methylsilane at a rather 
good efficiency. 

In some cases, further steps of ion nucleation take 
place, yielding ions containing three silicon and one 
phosphorus atoms or two silicon and two phosphorus 
atoms. However, all the ions produced in these reactions 
were of such low abundance that their rate constants of 
formation could not be determined with good precision. 

4. Discussion 

When methylsilane is the neutral reagent, hydride 
abstraction is one of the most common reaction path- 
ways, occurring from several ions. This reaction mecha- 
nism has already been observed in the self-condensation 
of methylsilane [3,6]. Most phosphine primary and sec- 
ondary ions, as well as some SiPHz ion species, give 
the SiCHl ion following reactions (1) and (2): 

P,,Hz + CH,SiH, + SiCH: + P,H,+, 

y= 1, n=o-2; y=2, n=o, 1,3 (1) 

SiPHz + CH,SiH, + SiCHl + SiPH,+, n=1,2 

(2) 

Owing to the lack of thermochemical data regarding 
ions containing Si, C, P and H together, it is not 
possible to calculate the enthalpy of the reactions re- 
ported above. However, the frequent occurrence of this 
kind of reaction suggests that it is thermodynamically 
favoured, due to the high stability of SiCH: [20]. In the 
NH,/CH,SiH, system previously studied [6], the 
SiCH: ion is mainly formed in self-condensation pro- 
cesses of methylsilane. In fact, nitrogen-containing ions 
show a very low reactivity towards methylsilane, the 
NH: (n = 2, 3) and SiNHi ions being the sole species 
which react with CH,SiH, at appreciable rate con- 
stants. Among these ionic species, only the NH: ion 
does not give SiCHt ; it reacts only with methylsilane 
by extraction of a hydrogen atom. 

Alternative reaction pathways consist of addition of a 
CH,SiH, molecule, followed by loss of a neutral 
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molecule. In most cases, substitution of a PH, by a 
CH,SiH, molecule takes place (reaction (3)): 

Si,P,Hi + CH,SiH, + Si,, ,CPY_ ,H,f+3 + PH, (3) 

x=O,y=2,n=2,3;x=l,y=l,n=1,3,4 

but elimination of neutrals such as CH 4, H,, SiH, and 
SiH, is also observed through many different pathways. 
This trend has already been observed, both in methylsi- 
lane alone and in the NH,/CH,SiH, mixture. In the 
first system, loss of a hydrogen molecule is the most 
frequent pathway, but formation of an SiH, (n = l-4) 
neutral fragment takes place in almost all cases. In the 
other system, substitution of an NH 3 by a CH, SiH, 
molecule is observed, as well as loss of several kinds of 
neutral species. 

Finally, formation of two adduct ions also occurs, 
according to reactions (4) and (5): 

P,Hl + CH,SiH, -+ SiCP,H,f (4) 

SiPHi + CH,SiH, + Si,CPHl (5) 

When the reacting molecule is phosphine, the most 
common pathway consists of the addition of a PH, 
molecule and loss of H,: 

SiXCzPYHL + PH, -+ Si,C,P,+ *Hz+, + H, (6) 

x=1 -=o, y=o, n=o-3; x=2, z=l, y=o, , I 

n= 4, 5; x= 1, z = 0, y = 1, n = 1, 3 

Sometimes, addition of a PH, molecule leads to loss 
of a PH, fragment: 

SiXCZPYHz + PI-I, -+ Si,C,P,Hz+, + PH, (7) 

x=1 -=o, y=o, n=2; x= 1. z= 1, y=o, ,I 

n=4;x=l , z=O, y= 1, n=3 

Comparison with the previously studied systems 
PH,/SiH, [ 101 and PHJGeH, [12] confirms that 
elimination of a H, molecule is the most frequent 
pathway when phosphine is the neutral reagent. A reac- 
tion pathway involving addition of a PH, followed by 
loss of a PH, moiety takes place in a few cases in the 
PH,/SiH, mixture, while it has not been observed in 
the PH ,/GeH 4 mixture. 

Thermochemical data are available [21] only for the 
reaction of SiHz with PH, to give SiHl and PH,, 
which is exothermic (AH = - 29.3 kJ mol-’ >. 

Protonation of phosphine occurs starting from SiH: 
only, leading to the formation of PHI and the neutral 
fragment SiH. This is a thermodynamically favoured 
process, as previously reported [lo]. 

When a hydrogen transfer reaction occurs, the react- 
ing molecule can be either phosphine or methylsilane. 
In fact, in both cases the formula of the product ion is 
the same. In order to determine the neutral reagent, 

formation enthalpies [2 1,221 of the neutral species have 
to be considered, the ion species being the same: 

A+ + PH, 4 AH+ + PH, (8) 

A++ CH,SiH, + AH++ CH,SiH, (9) 

Reaction (8) is more favoured with respect to reac- 
tion (9) by about 54.4 kJ mol-‘. Hence it turns out that 
the main hydrogenating species is phosphine. 

Clustering reactions proceed faster starting from 
methylsilane primary ions than from phosphine ones. 
The same behaviour is observed among the secondary 
ions of the two reagents. Ions containing Si-P bonds 
mainly react with CH,SiH, to give, among others, the 
Si,CPHz (n = 5-8) and SiCPHj: (n = 5, 6) ions with 
rather good rate constants, whilst reactions with PH, 
are less frequent and proceed more slowly. 

The behaviour of the PH,/CH,SiH, system has 
been compared with that of the NH,/CH,SiH, system 
[6]. Methylsilane primary and secondary ions generally 
react faster with ammonia than with phosphine. Most of 
these ions react with NH, in several parallel processes, 
while the reaction with phosphine occurs, in almost all 
the cases, to form just one product for each reacting ion. 
However, phosphine ions give a greater contribution to 
the growth of clusters with respect to the corresponding 
ions of ammonia. In fact, both primary and secondary 
ions of phosphine react with methylsilane to yield 
species containing new Si-P bonds, even if the rate 
constants are not very high. In contrast, among the NH, 
primary ions only NH: reacts to give a species contain- 
ing an Si-N bond, while the ammonia secondary ions 
are absent in the NH,/CH,SiH, system. 

Ion species containing only Si, N and H atoms do not 
play a significant role in chain propagation, neither in 
the NH,/CH,SiH, nor in the NH,/SiH, system [5]. 
In contrast, the SiPHz (n = l-4) ions show a good 
reactivity towards CH,SiH, and PH,, as they form 
clusters with appreciable rate constants. It turns out that, 
even if the first reaction step is faster in the 
NH,/CH,SiH, system with respect to the PH,/ 
CH,SiH, mixture, the chain propagation starting from 
the secondary ions becomes more favoured in the 
PH,/CH,SiH, system. 

Comparison of the results reported here can also be 
drawn with those obtained for the PH,/SiH, system 
[lo]. Phosphine primary ions react faster with methylsi- 
lane than with silane, but the highest rate constants are 
those of the reactions of hydride abstraction from 
CH,SiH,, whilst the reactions which lead to the forma- 
tion of an Si-P bond are faster in the PHJSiH, 
system. In a similar way, the phosphine secondary ions 
P: and P,Hf give only hydride abstraction with meth- 
ylsilane, and formation of species containing Si-P bonds 
with silane. The P2 H L ( n = 2, 3) ions show an interme- 
diate behaviour as they react with methylsilane to give 
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mixed clusters, with a rate constant with respect to SiH, 121 
lower for Pz Hl and higher for P2 H: . 131 

The SiPHfi (n = l-3) ions generally react faster 
with CH,SiH, than with SiH,. Moreover, the SiPHi 
ion is unreactive in the PHJSiH, system and reacts 
with methylsilane through two different pathways with 
a high overall rate constant. 

Previous studies [10,23] indicate that the attack on 
the CH,SiH, and SiH, molecules occurs through inser- 
tion of the ion into an Si-H bond of the neutral reagent. 
The presence of a methyl group favours this process due 
to its inductive effect, which increases the electron 
density on the H atoms linked to silicon. This hypothe- 
sis is confirmed by the data obtained, which display 
efficiencies in the reactions with CH,SiH, higher than 
with SiH,. Comparison between the NHJSiH, [5] and 
the NH,/CH,SiH, systems revealed that the methyl 
group in the reacting ion favours the reactions with 
ammonia with loss of a hydrogen atom or molecule. 
This effect was not observed in this study, as rate 
constants of the same reactions with phosphine of the 
Si,Hz (n = 2, 3) and Si,CHl (n = 4, 5) ions are very 
similar. 
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