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ABSTRACT

Rate coefficients and branching ratios have been determined for the reactions of N5,
CO™, and CO; with CH,CN utilizing the selected-ion flow tube (SIFT) technique. The
ion/molecule reactions following the electron-beam irradiation of the gas mixtures
CH,CN-M (where M = Ar, H,, N,, CO, CO,, and CH,) have been examined in a
high-pressure mass spectrometer (HPMS). Pathways are presented for reactions of cations
produced from acetonitrile with acetonitrile. The reactions of CH,CN™* with CO and CO,
are also reported, as are the reactions of CHj, C,H;. C;H7, and C,H§ with CH,CN.

INTRODUCTION

The gas-phase chemistry of acetonitrile (CH,CN) is of considerable
interest, not only from the chemical point of view, but also in such fields as
geophysics and astrophysics. In recent years, CH,CN has been discovered in
the stratosphere by detection of the ion clusters H* -(H,0),,(CH,CN), [1].
Also acetonitrile has been detected in the troposphere [2] and in interstellar
space [3], including cold dust clouds [4).

The possible role of cyano compounds in the ion chemistry of the
terrestrial atmosphere has been discussed extensively [5] and the importance
of their ionic reactions in interstellar molecular synthesis has been demon-
strated [6]. However, little attention has been devoted to the experimental
investigation of sequential ion/molecule reactions in systems containing
cyano compounds. Although a number of studies of the ion/molecule
reactions of acetronitrile have been made [7-15], so far there is little
information concerning such ionic reactions at high pressures. Gray has
examined acetronitrile at low pressures using the ion cyclotron resonance
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(ICR) technique and observed a number of positive and negative ion /mole-
cule reactions [8]. At low pressures, such as those present in ICR studies
(=107 torr), the adduct ions which require collisional stabilization are
rarely observed. In the work reported here, the experimental pressure regime
is extended toward higher pressures (10~2 to 4 torr) in an attempt to search
for ion/molecule complexes in gas mixtures containing acetonitrile and to
identify reaction channels leading to ionic products.

EXPERIMENTAL

The experimental results reported here were obtained in two laboratories.
The experiments in the Institute of Physical Chemistry at the Polish Academy
of Science were performed with a high-pressure mass spectrometer (HPMS)
which has been described previously [16,17]. Two different reaction cham-
bers have been used: the high-pressure reaction chamber previously described
[17,18], designated here as chamber 1 (15 mm in diameter with a reaction
path length of 4 mm), and the chamber used in ref. 19, designated here as
chamber 2 (8 mm in diameter with a reaction path length of 2 mm).

The general technique was similar to that employed in previous work
[17-21]. The ion-accelerating voltage was 2 or 3 kV and the electron-accel-
erating voltages were 1000 V (chamber 1) and 500 V (chamber 2). The
repeller and electron-collector electrodes were maintained at the ionization
chamber potential. The total pressure inside the reaction chambers was
measured directly with a diaphragm-capacitance micromanometer [22].

The reactant ions were produced by bombardment with an electron beam
of the gas mixtures CH,CN-M with M = Ar, H,, N,, CO, CO, and CH, at
pressures ranging from 0.01 to 0.4 torr and temperatures between 305 and
345 K. The concentartion of CH;CN in these mixtures was in the range
0.8-3.5 mol %.

Under these conditions, the production of reactant ions from CH,CN was
initiated either by charge-transfer reactions

M* + CH,CN —» CH,CN* + M (1)
decomposition products (2)

for M = Ar, N,, CO, and CO, or by proton-transfer to CH,CN

XH* + CH,CN - CH,CNH* + X | 3)

where X = H, when H, was used as bath gas and X =CH,, C,H,, and
C;H, for CH, as bath gas.

The measurements in the Ion Chemistry Laboratory at York University,
Canada, were done with the selected-ion flow tube (SIFT) apparatus [23,24]
at room temperature with helium (at 0.34 torr) as the buffer gas. The
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reactant ions were generated by electron impact with 70 eV electrons at low
pressures. An axial electron-impact ionizer [25] was used as the ion source.

Acetonitrile was obtained from Fluka [26] and purified by the usual
freeze—thaw cycle before use (in the HPMS experiments) or obtained from
Matheson, Coleman and Bell (spectroquality) [27] and used without further
purification (in the SIFT experiments). All bath gases were commercially
available products. Traces of water in these gases were significantly reduced
by passing them through a copper coil immersed in different cooling agents
(in the HPMS experiments) or through zeolite traps (a 50:50 mixture of
molecule sieves 4A and 13X [28]) cooled to liquid-nitrogen temperature (in
the SIFT experiments).

RESULTS AND DISCUSSION

Acetonitrile gives a number of primary and secondary ionic products
when it undergoes ion/molecule collisions in the gas phase.

Table 1 presents the rate constants and product distributions measured
with the SIFT apparatus for reactions of CH,CN with three charge-transfer
ions. A number of the observed product channels correspond to dissociative
charge transfer. The channels leading to CHCN™* in the reaction of N; and
CH,CN" in the reaction of CO™ are interesting since they may be endother-
mic by as much as 8 or 9 kcal mol~'. If endothermicity applies, then the
occurrence of these two channels implies that excited N and CO* species
are involved. Long-lived (=102 s) electronically excited ions of N, and
CO™ and vibrationally excited ions of N; have been observed previously in
several laboratories and their participation in ion/molecule reactions is

TABLE 1

Summary of rate constants and product distributions measured for the ion/molecule reac-
tions with the SIFT technique at 29842 K in helium at a total pressure of 0.34 torr and
helium concentration of 1.1 X 10 atoms cm™3

Reaction Branching ko * (cm® AH,
ratios molecule™?! (kcal

s7h mol 1)

N7 +CH,CN - CH,CN*+N, 0.15 21x107° -735

"> CH,CN*+H+N, 0.65 —-274

—- CHCN*+H, +N, 0.20 +7.7

CO* +CH,CN - CH,CN*+CO 0.75 3.0x10~° -36.7

— CH,CN*+H+CO 0.25 +94

+CH,CN - CH,CN* +CO, 1.0 2.5%107° -31.8

* The accuracy of the rate constants is estimated to be better than + 30%.
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Fig. 1. The observed variation in ion signals for the addition of acetonitrile into a reaction
region in which the presence of N5 has been established with the SIFT technique. P = 0.34
torr; reactant velocity 5 = 6.3X 10> cm s~ ; reaction path L = 46 cm; T = 298 K; concentra-
tion of carrier gas (He) =1.14x 10 molecules cm ™3,

documented (see, for example, ref. 29). This is also qualitatively consistent
with our HPMS study of the 1.9% CH,CN/CO mixture in which a signifi-
cant amount (= 8% of the total ionization) of the ionic products arises from
CH,CN™. The possibility of the formation of CH,CN™ in this mixture by
loss of H, from excited CH,CNH*, produced by the reaction of CH,CN™
with CH,CN, has been ruled out because such a reaction is not observed in
the CH,CN/H, and CH,CN/CH, mixtures where the excited CH,CNH"*
species are formed by highly exothermic proton transfer reactions of type
3).

Figure 1 shows the variation of the ionic products resulting from the
addition of N into a helium carrier gas containing CH,CN as observed in
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Fig. 2. Relative abundances of the major ions observed with HPMS in 1% CH,CN/N, gas
mixture as a function of the total pressure at 342 K (chamber 2).

the SIFT experiments. One can see the exponential decrease in the N5 count
rate with increasing concentration of CH,CN (by increasing the flow rate)
and the appearance of the primary products CH,CN*, CH,CN*, and
CHCN™ as well as the secondary products CH,CNH*, CH,CNH* - CH,CN,
CH,CN*:CH,CN, and C;H,N*. These ions were also observed in the
HPMS experiments but, in this case, additional products were found (see
following groups: H* -(CH,CN),, (CH,CN),), CH,CN*-(CH,;CN),,
C;H;N* -(CH,CN),, C,H,N*-(CH,CN),, C;H,N*-(CH,CN),, and
C;H{N™" - (CH,CN),. The clusters with n <4 have been detected for the
major ions at the highest pressures applied in this study. Rather good
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TABLE 2

Heats of formation used in the work. Unless stated otherwise, all values are taken from ref.
44,

Species AH3y Species AHj,
(kcal mol™?1) (kcal mol™1)

H 521 co; 2233

CN 109 N7 358.8

co ~264 CH,CO* 157°¢

co, —9338 CH,N; 223f

‘HCN 323° CHCN* 387.4 ¢
NCO 48° CH,CN* 3002 ¢
C,N 123¢ CH,CN* 306.2 ¢
CH, -178 CH,CNH* 240.8 &
CH,CN 55 CH,CNH* 1949 b
CH,CN 209 ¢ H,C=C-N=CH, 2408
CHY 258 C,H;N* 284.7
co* 295.6 H,C-C=N-CH, 1852

® Ref. 8. ® Ref. 45. © Ref. 46. ¢ Ref. 34. © Ref. 47. " Ref. 48. ® Ref. 49. " Ref. 14. ' Ref. 36.
I Ref. 50. “ Ref. 40.

consistency exists between our HPMS data and previous ICR observations
[8]). The significant difference in the product ions and their distibutions
between the HPMS and SIFT results, which can be seen from Figs. 1 and 2,
can also be reconciled. Analysis of the HPMS data indicates that the
fragmentation produced in the collisions of N3~ with CH;CN proceeds to a
lesser extent (= 0.50 compared with 0.85 in the SIFT experiments, see Table
1) and the clustering of the product ions is more effective than in the SIFT
experiments. This apparent discrepancy can be attributed to differences in
the collisional stabilization efficiency of the buffer gases which is expected
to be considerably higher (1.5-4 times) for N, than for He [30], as well as to
differences in the N * quenching efficiency of the buffer gases which is
known to be many orders of magnitude higher for N, than for He [31], in
part because of the importance of symmetric charge transfer which is known
to be fast [32].

An examination of Figs. 1 and 2, together with other data presented in
this study, suggests the mechanistic pathways of ions derived from
acetonitrile which are described below. The heats of formation used in this
work are listed in Table 2.

Reactions of CHCN *

The earlier ICR study showed that the reaction of CHCN™ with CH,CN
has three channels which lead to the products CH,CNH™*, C;H;N*, and
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C,H;N; [8]. The reaction pathway
CHCN* + CH,CN - CH,CNH* + C,N  AH,= —90kealmol™*  (4)

proposed in that work probably accounts for most of the decay in the
CHCN* ion intensity observed in Fig. 1. Neither the cluster ion CHCN™* -
CH,CN nor the C,H;N; species is observed as a product in the HPMS
study. Small amounts of ions were detected at m/z 53 (C;H;N*) and 94
(C;H;N* - CH,CN) and these support the occurrence of the reaction chan-
nel [8]

CHCN* + CH,CN — C,H,N* + HCN (5)

Reactions of CH,CN *

Analysis of the ionic products observed in the HPMS shows that the
abundances of the CH,CN*.(CH,CN), and C,H,N*.(CH,CN), ion
groups are coupled. In the previous ICR study [8], the formation of
C,H,/N" is attributed to the reaction of C,H,N* with CH,CN. Both our
HPMS and SIFT results confirm that this channel occurs in competition
with collisional stabilization of the intermediate complex (CH,CN*
- - - CH,CN). This is especially evident from the SIFT results shown in Fig.
1.

CH2CN+ M CH3CN (6)
C;HN*+HCN  (7)

However, we cannot confirm the reaction pathway (CH,CN*
-++ CH4,CN) » CCGH,N* —» C;H,N™* as suggested by Gray [8] for the pro-
duction of C;H,N* from C,H;N* by the two-step mechanism involving
the formation of the (CH,CN™* ... CH,CN) and C;H,N* intermediates. In
contrast to that work, we did not detect species at m/z 80 which could be
assigned to the CCH,N™ ion. We found that the product ratio R=
[CH,CN*-CH,CN),]/[C;H,N*-(CH,CN),] increases with pressure (Fig.
3). This means that the collision of (CH,CN*~CH,CN) with CH,CN leads
preferentially to the stabilization of this complex rather than to the produc-
tion of the C;H,N™* species. At relatively high pressures, both ions, CH,CN*
and C;H,N™, undergo clustering reactions (Fig. 2)

CH,CN*-(CH,CN),_, + CH,CN < CH,CN* - (CH,CN), (8)
C3H4N+ . (CH3CN)"_1 + CH3CN = C3H4N+ . (CH3CN)n (9)

Theoretical studies suggest that CH,CN* can exist in different isomeric
structures, such as the linear resonance forms [33] H,C"—C=N (44%),

M
CH,CN*CH,CN = (CH,CN* ...CH3CN)*—E
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Fig. 3. Variations of the ion current ratio R = [CH,CN*.(CH,CN),1/[C;H,N*-(CH;CN), ]
with pressure in the gas mixtures 2% CH;CN /N, and 3% CH,;CN/CO at 342 K. The insert
shows the plot of the ratio R = [CH,CN™*-(CH,CN),]/{C;H,N*-(CH,CN),] against con-
centration of CH,CN for the CH,CN /N, and CH;CN /Ar mixtures at a total pressure of 1
torr and a gas temperature of 323 K. (HPMS; chamber 1.)

H,C*-C™=N%* (22.9%), H,C=C=N"* (15.8%), H,C-C*=N (15.5%), and
H,C*-C*=N" (1.9%), represented here by the general structure 1 or the
cyclic structure [34] denoted by 2

LA AN
y - CCeN HC—=CH

1 2

We presume that CH,CN™* produced in this study by reaction (2) has the
linear structure given by 1. The experiments performed with different
CH,CN concentrations at a constant total pressure of the gas mixture (see
insert in Fig. 3) indicate that the product ratio R is independent of the
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CH,CN concentration. This suggests that the reactivity of the CH,CN™
species does not vary with the number of stabilizing collisions. These
observations seem to provide an indirect argument against the structural
conversion of the CH,CN* reactant ion under the conditions of our experi-
ments.

It appears plausible that the relative orientation of CH,CN™* and CH,CN
is important in the formation of the initial cofigurations of the (CH,CN™
- -+ CH4,CN) collision complex and determines the relative probabilities of
the reaction channels (6) and (7). Since the main portion of the positive
charge in structure 1 is localized at the CH,- group [33], one may expect
that the negatively charged cyano group of CH,;CN [35] will attack predomi-
nantly at this position. It seems likely that the intermediate complex formed
in such an interaction will have the form 3 which leads to favourable
production of C;H,N*,

-HCN

CHaCN* H
2 === [HEC—c-N-~-,Euch —= C3H N*
H

+
CH3CN
3

This scheme is consistent with the ICR study of CH,C*N/CH,C"N and
CH,CN/CD;CN systems which showed that HCN is eliminated only from
the ionic reactant, i.e. CH,CN* [8]. The third-body collision may, of course,
change the energetic state and rearrange the particular collision complex
configurations which determine the product ratio.

A recent collisional activation study indicates that the most probable
structure of the C;H,N™ species should be H,C=C*-N=CH, [36). The
conversion of this structure into those of lower energy is separated by an
energy barrier of at least 27 kcal mol ™.

Reactions of CH,CN *

When charge-transfer reagent gases were used in the HPMS experiments,
the major primary ion was CH;CN ¥, which is produced by reaction (1). It is
well known that this ion rapidly protonates the acetonitrile molecule,
k=2x10"° cm® molecule ™! s~! [9] to produce CH,CNH™ which reacts
further with parent neutrals to yield higher clustered species, H* -(CH,CN),,.
This is displayed in Figs. 1 and 2.

Two other groups of ions, (CH,CN)} and C;H;N™*. (CH;CN),, were
detected in the HPMS (Fig. 2) when the primary ion CH,CN* was gener-
ated by charge transfer. These groups of ions were not observed in the
CH,CN/CH, and CH,CN /H, mixtures in which the proton-transfer reac-
tion (3) produces CH;CNH™ as the primary ion from CH,CN. We conclude
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from this that the CH,CN™ ion is the precursor for both groups, (CH,CN)}
and C;H,N*-(CH,CN),.

The formation of the (CH,CN), species can be attributed to the stabi-
lized ionic products which arise from the reaction sequence starting from the
collision complex (CH,CN* - .. CH,CN). On the basis of the data from ref.
37, one can expect that the contribution of the neutral dimer (CH,CN), to
the production of the ionic species (CH;CN); is negligible under the
conditions of our HPMS experiments.

For the reduction C;H,N™*, we considered the reactions

CH,CN* + CH,CN - C,;H;N* + HCN AH, = —10 kcal mol ™’

(10)
CH,CN* + CH,CN - C,H;N* + CN AH, =73 kcal mol

(11)
CH,CN* + CH,CN - CH,CNH* + CH,CN AH, = —25 kcal mol~!

(12)

CH,CNH* + CH,CN > C,H,N*+ HCN  AH, = 56 kcal mol ™!

(13)
While reaction (10) is exothermic, the pathways leading to C;H;N ™ either
directly from CH,CN* [reaction (11)] or via the ketenimine ion, CH,CNH",
[reactions (12) and (13)] are highly endothermic and seem to be very
improbable. Therefore we may suggest that the reaction of CH,CN* with its
parent neutral proceeds by the channels

CH,CN* + CH,CN
2 (CH,CN); (14)
= (CH;,CN™ . --CH3CN)*“E CH,CNH* + CH,CN (15)
C,H,N* + HCN (10)

Channel (15) is exothermic by 77 kcal mol™!. Reaction channel (10) has
been proposed recently to describe the two-step mechanism of C;H,N™
production from acetonitrile [36]

CH,CN* + CH,cN—HN,c H N+ —H,C,H, N*

At relatively high pressures, as in our HPMS experiments, the C;H,N*
ion is probably collisionally stabilized and udergoes clustering reactions with
CH,CN in a manner similar to the other two species, CH;CNH™ and
(CH,CN)7, produced in the reaction of CH,CN ™" with CH;CN. This is seen
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mixture. (HPMS; open symbols chamber 1; solid symbols, chamber 2.)

in Fig. 2 and the interpretation correlates well with the data given in Fig. 4,
which shows that, while the amount of (CH,CN)} increases, the sum of
ionic products derived from CH,CNH™, denoted here as [(CH,CNH™),],
decreases with pressure in what may be ascribed to collisional stabilization
of the collision complex (CH,;CN™ --- CH5CN). A decrease with pressure
of the ionic product ratios [(CH,CNH™),]/(CH,CN);] and [C,H;N*
-(CH,CN), I/I[(CH,CN) ] is observed as a result (see insert in Fig. 4). At
the same time, the C;H,N*-(CH,CN), species, which represents only a
minor portion of the product distribution, shows a small increase in the
abundance when the pressure rises. This indicates that collisional stabiliza-
tion of the C;H;N™ species produced by reaction channel (10) occurs and
that the probability of its decomposition into C;H,N™* decreases.

It follows from the collisional activation spectra reported in ref. 36 that
C,H,N" is likely to have a linear structure of:the type H,C-C*=N-C'H,.
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Initially, the ionic product in channel (15) is likely to have the protonated
acetonitrile structure H,C-C*=NH. However, since this channel is highly
exothermic, the question arises as to whether this species, perhaps being
excited, can rearrange to other possible isomers [38]. On the basis of the
experimental data obtained by the collision-induced dissociation technique
[11] and by proton affinity tests for the C,H,N* ions generated by proton
transfer to CH,CN and CH,;NC, as well as the highly exothermic (95 kcal
mol ') association reaction of CH; with HCN [14], one may presume that
the structural conversion of CH,~C*=N-H is not very probable in this
case.

In the CH,CN/CO mixture, significant quantities of ions at m/z 69
[C,H,NO*], 110 [C,H,NO*-CH,CN], and 151 [C;H,;NO™ -(CH,CN),]
were found (Fig. 5). The observation of these species suggests the sequence
of reactions (16)—(18), which is likely to begin with the formation in reaction
(16) of the adduct H;,C-C*=N-CO

CH,CN* + CO - C,H,NO* (16)
C,H,NO* + CH,CN — C,H,NO* - CH,CN (17)
C,H,NO*- CH,CN + CH,CN - C,H,NO" - (CH,CN), (18)

The observation in the HPMS experiments with the CH;CN/CO and
CH,CN /CO, mixtures of considerable amounts of ions at m/z 43, 84, and
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125 (Fig. 6), which can be assigned to CH,CO*, CH,CO* - CH,CN, and
CH,CO" -(CH,CN),, respectively, may indicate the occurrence of the reac-
tions

CH,CN* + CO - CH,CO* +CN AH_ = —13 kcal mol ™’ (19)
CH,CN*+ CO,—» CH,CO*+NCO AH,= —7 kcal mol™! (20)
CH,CO* + CH,CN = CH,CO*- CH,CN (21)
CH,CO"- CH,CN + CH,CN = CH,CO" - (CH,CN), (22)

The SIFT technique was used to measure the reactions of CH,;CN* with
CO and CO, in helium buffer gas at 0.34 torr and 1.1 X 10’ atoms cm™3 at
296 K. No reaction was observed with CO,, k < 1.5 X 10~!* cm® molecule !
s . The reaction with CO was slow, k = (2.1 + 0.5) X 10~** cm® molecule !
s~!, but the products of both reactions (16) and (19) were observed in the
proportion of 2 to 3.

Reactions of CH,CNH *

The reaction (23) of CH,CNH™" with its parent molecule initiates the
reaction sequence (24), producing the proton-bound acetonitrile clusters,
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H™*-(CH,CN),, which are the most abundant species in all systems studied
with the HPMS. ; ,
CH,CNH" + CH,CN=H"-(CH,CN), -. (23)
H*-(CH,CN),_, +CH,CN=H"- (CHL,,CN)-' (24)

The HMPS results also suggest that CH,CNH* leads to the producuon of
small amounts of the (Z3I-I6H+ ion by the reaction

CH,CNH" + CH,CN - C;H{N*" + HCN  AH, = +2kcalmol ™'  (25)
This ion also clusters with CH,CN ~ 7 ,
C,HN*-(CH,CN),_, + CH,CN = C3HgN* - (CH3CN) - (26)

The suggestion of reaction (25) is based on the observation of the ionic
species at m/z 56 and the clustered products [56+’(CH3CN)n} ‘in all the
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Fig. 7. Relative abundances of the [56*-(CH;CN),] ions observed: with HPMS as:a function
of the total pressure at 342 K in the mixtures 2% CH,CN/CH,,; 2% CH,CN/CO, 1%
CH;CN/CO,, 2% CH,CN/N,, 1% CH,CH/H,, and 2% CH;CN /Ar. The insert shows the
plot of the ion current ratio [56*-(CH;CN), }/[H*-(CH,CN), ] against pressure for different
gas mixtures. (Open symbals; chamber 15 solid symbols, chamber 2.} - v i
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mixtures studied (Fig. 7). The considerably higher abundances of these
species found in the CH,CN/CH, and CH,CN /CO mixtures, and also the
higher product ratio [56* -(CH,CN),]/[H" -(CH,CN),] obtained for these
mixtures and for the CH,CN /N, mixture, in comparison with those for the
CH,CN/H,, CH,CN/CO,, and CH,CN/Ar mixtures (see insert of Fig. 7),
is assigned to the contribution of ionic products arising from sources other
than the reaction pathway (25).

In the CH,CN/CO and CH;CN/N, mixtures, the well-known associa-
tion reactions

CO* + CO - (CO); * M5(co); (27)
NS + N, = (N); *MH(N,); (28)

may be important in the production of the ions at m/z 56 [39].
In the CH,CN /CH, mixture, the reaction

CH; + CH,CN - C;H,N* AH,= —94 kcal mol ™! (29)
3 3

is believed to lead to the ion with m/z 56.

Because reaction (25) is slightly endothermic (or thermoneutral), one may
expect that the nitrilium ion, H;C-C*=N-CH,, is its stable final product.
The heat of formation of the nitrilium ion, AH,(CH,C*NCH,)=
185.2 kcal mol~! [40], is lower than that of protonated ethyl cyanide,
AH;(C,H;CNH™) = 201 kcal mol ! [41]. It should be mentioned that reac-
tions similar to (25) have been observed recently in methyl, ethyl, and
tert-butyl isocyanides [40]). Presumably, the reaction of CH;NCH™* with
CH,NC also yields the nitrilium ion.

Reactions of alkyl ions with CH,CN

The rapid association reaction (29) of CH; with CH,;CN was observed in
the SIFT and HPMS studies. The rate constant at 0.34 torr was measured
with the SIFT technique to be 4.0 X 107° cm® molecule™ s™!, which
corresponds to that reported recently by Knight et al. [14]. .

It is likely that the collision of CH; with CH;CN leads initially to the
formation of the nitrilium ion which, in this case, is expected to be highly
excited (94 kcal mol™!) due to the large exothermicity of reaction (29). The
final structure of the resultant C;H;H" ion depends on the barriers to
isomerization and the process of relaxation.

The HPMS experiments indicate that the association of higher alkyl ions,
ie. C,HS, C;H7, and C,Hj, also occurs with the neutral CH;CN molecule
(Fig. 8), presumably by the reaction

R*+ CH,CN - RNC*CH, (30)
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Fig. 8. Relative abundances of ions observed with HPMS in the 2% CH,CN /CH, mixture as
a function of the total pressure at 342 K. (Open symbols, chamber 1; solid symbols, chamber
2.) The alkyl ions CHT, C,HZ, }fH7 , and C4H9 are groduoed from methane by
the reaction sequence [42] CH} —3CHI —% C,H? ——-—)C;,H-, —4C,H;. Some
amounts of C;H7 are also produced by the reactions of CH? and C,H{ with propane [43]
present in the system as an impurity (CHY +C;Hy; - C;HY +CH, and C,HY +C,Hy—
C,H} +C,Hy).

where R* = CHY, C,H}, C,H?, and C,H{, which is analogous to reaction
(29).

The possibility of formation of the nitrilium ions, RNC*CH,, in the
sequential reactions given by |

CH,NC*CH, + CH,CN - C,H,NC*CH, + HCN (31)
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C,H,NC*CH, + CH,CN - C,H,NC*CH + HCN (32)

has been eliminated by the SIFT study which showed that reaction (31)
involving thermalized CH,NC* CH, ions does not occur.

Finally, the HPMS experiments show (Fig. 8) that the RNC*CH, ions
produced in the CH,;CN/CH, mixture react further with CH,CN to yield
RNC*CH, - CH,CN.

RNC*CH; + CH,CN - RNC*CH, - CH,CN (33)

CONCLUSIONS

The results presented here indicate that the reactions of Ny, CO™, and
COJ observed in this study proceed exclusively by charge transfer and that
electronically excited N and CO™* are involved.

The reaction of CH,CN™ with CH,CN has been established to proceed
by two primary competing pathways, collisional stabilization and fragmenta-
tion of the collision complex, under the high-pressure conditions employed
in this study. Ionized acetonitrile reacts with its neutral parent mainly by
proton transfer along with two other pathways of reaction: collisional
stabilization of the intermediate complex (CH,CN™ --- CH,CN) and loss
from it of HCN. Formation of the cluster ion, H* -(CH,CN),, is the major
pathway for the reaction of protonated acetonitrile with acetonitrile, but a
minor channel leading to the nitrilium ion, H;CNC*CH,, is also observed.
The latter ion is also produced at near the collision limit in the reaction of
CH3 with acetonitrile. Adduct formation is also observed in the reactions of
the higher alkyl ions C,H{, C;H7, and C,H; with acetonitrile as well as in
the reaction of CH,CN* with CO. Both the alkylation and carbonylation
reactions may be important channels for converting acetonitrile in the
terrestrial atmosphere.
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