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It has long been assumed that ionizing neutral acetonitrile produces ions with the same atomic connectivity,
CH;CN™*. Recent calculations on thel@;N** potential energy surface have suggested that it may be difficult

to generate pure GJEN™ when ionizing acetonitrile. We have probed the interconversion ofGTH* and

its lower energy isomer C}NH* by calculation, collision-induced dissociation mass spectrometry and
ion—molecule reaction. The latter ion, ionized ketenimine, is co-generated upon electron or chemical ionization
of neutral acetonitrile in the ion source of a mass spectrometer. An estimate of the ratio of the two isomers
can be obtained from their respective iamolecule reactions with COpor COS. CHCN** reacts by proton-
transfer with CQ and charge transfer with COS, whereas,CNH™ is unreactive.

It has long been assumed that ionizing neutral acetonitrile  *CH,CN + H®
produces ions with the same atomic connectivity,sCN* 230 N .
(1).173 Other GH3N ™ include CHNC** (assumed to be formed HcXopt
by ionizing isocyanomethane), whereas dissociative ionization 170
of larger nitriles has been shown to yield a different structure
that has been assigned to ionized keteniming@NH* (2).173 TS
Dissociative ionization of imidazole and pyrazole was postulated 70
to produce the linear CHCHNH structuret These assignments
are based on the relative peak heights in CID mass spectra. The
key distinguishing factor that has been used in the literature is
the CH/CHs" (m/z 14:15) ratiot~3 In all cases, structuré CH,CN**
(assumed to be generated by ionizing acetonitrile) was charac- 1
terized by a peak atvz 15 that has roughly twice the relative
abundance as that f& (generated by dissociative ionization
of butyronitrile)1=3 This holds true for our CID experiments
done on the Rome VG Micromass ZABSpec oa-TOF under
conditions of high mass resolutidrn the present experiments,
the CID of ionized acetonitrile yielded a mass spectrum with a -232
ratio of Mz 14:15 of 10, whereas the,BsN** ion generated CH,CNH"®
from dissociative ionization of butyronitrile gave a ratio of 24. ) ) ) 2 )
A ratio of 22 was obtained for the 85sN** ion formed upon Flgire 1. PotentuaJLenergy diagram for the interconversion of3€H_
dissociation of protonated chloroacetonitrile. The absolute value g\':‘ves?gi e(igtyctlj\:?s o C(g’t‘ilgﬁIgtr%%l?ééh(esge3tf;t‘)al of theory) and their
of them/z 14:15 ratio varies with instrume#t? the reason for '
which will become apparent below. etries), and our results are in excellent agreement with Choe’s
The formation of pure ion& upon ionization of acetonitrile ~ work. Calculations at the G3 level of theory pla2e232 kJ
has recently been called into question by Chaed Mair et mol~! lower in energy thal. The conversion ot to 2 requires
al® Choe reported kinetic energy distribution analysis of the H a 1,3-hydrogen shift that lies 70 kJ mélabovel (Figure 1).
loss channel il and mapped the interconversion of several of The lowest energy dissociation channel fas H loss to form
the isomers at the B3-LYP/6-3%H-G(3df,3pd) level of theory.  the cyclicc-CHCHN' ion® a process that lies 100 kJ mél
We have examined the interconversionlofind 2 at the G3 above the G3 1,3-H shift barri@Dissociation to"CH,CN is
level of theory (employing optimized MP2/6-315(d) geom- 50 kJ mot* higher in energy! RRKM calculations predict that
—. p i be add S Tol 1613 5625800the rate constant for the forward isomerizatiorildb 2 is 4—5
ext 6088, ‘F’g(:colr_rgfgg%z‘?lcfofE‘?“ma”:ep?n m;e;esr‘f@au ottana. o orders of magnitude greater than the reverse reaction and is
* Universitadi Roma “La Sapienza’. greater than 10s™* just 2 kJ mot?! above the threshold. The
* University of Ottawa. dissociation rate constant for metastable ions (ions with energies
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TABLE 1: Gas-Phase Reactivity of GX3N™ (X = H, D) TABLE 2: Gas-Phase Reactivity of CHHCNH** (from
from Acetonitrile Toward Selected Neutrals N CH3CH,CH:CN) toward Selected Neutrals N
source X N(IE} pPAb Kexy? o N (IE) PA° Kexp® ¢°

El D COy13.78) 541 2.2 (10%) 0.27 C0,(12.50) 540.5
El D  CHsF(12.50) 599 6.2 (25%) 0.36 COS (11.18) 628.5
El D COS(11.18) 629 7.1 (70%) 0.60 CH3NO, (11.08) 754.6 0.13 0.004
El D CHCN(12.20) 779  7.8(100%) 0.5 CH4CN (12.2) 779 5.9 0.18
Cl H CO,(13.78 541 3.2 (50% 0.38 . .
cl H NZO((12.89)) 550 20 ((25%% 0.23 a2 Reagent ion obtained upon El ofC;H,CN at 27 eV electron

energy.” lonization energies (IE) in eV are given in parentheses and
alonization energies (IE) in eV are given in parentheses and are are from ref 13°¢ Proton affinity (PA) values in kJ mot are from ref
from ref 13.° Proton affinity (PA) values in kJ mot are from ref 13. 13. 9 Phenomenological rate constants in units of'@m?® molecule'
¢ Phenomenological rate constants in units of 2@m?® molecule™ s'1, at the temperature of the FT-ICR cell of 300 % = kexg/Keol-
s1, at the temperature of the FT-ICR cell of 300 K. The percentage of k., was calculated using the ADO version of collision thetty.
the ion population that is reactive is given in parentheses. The

complement to 100% is unreactiviep = Kexg/Keon. Keon Was calculated f pulsing an unr v into th Il rina the ion
using the ADO version of collision theoty. € Charge-transfer reaction of pulsing an unreactive gas into the cell to bring the ions to

f This reaction also proceeds by charge transfer, as side process (10%}hermal equilibrium. _However, this pr_ocedu_re was nqt adopte(_j
with respect to X transfer. n the present experiments because in the time required for this

sequence a significant portion of the originapXGN** ion
above threshold for dissociation) is small enough that equilibra- POPulation would have already reacted with the neutral, deplet-
tion of the two structures precedes decomposition, which INg the relative amount of the most reactive isomer. As a
obviously heavily favors structurg. Note that this does not ~ consequence, kinetic measurements yield phenomenological rate
affect ions1 that are formed with internal energies below the C€onstants and may not be representative of thermally equilibrated
isomerization barrier. At an internal energy of 4 eV, isomer- SPecies. Itis well documented in gas phase ion chemistry that
ization of 1 to 2 is 10-100 times faster than dissociation to {ranslational excitation of the reagent ion typically results in a
+CH,CN 4 H and remains marginally faster at internal energies de_crease_d efficiency for an exothermic reaction. Oper_atlng in
up to 20 eV. So anyt with internal energies above the barrier this way, in all cases (except for CH;CN), two populations
but less than 20 eV will spontaneously isomeriz& {m Choe’s of ions were observed, a reactive fraction (either due to proton
work, due to differences in calculated dissociation and isomer- OF charge transfer) and an unreactive one. The reactions with
ization thresholds, this upper limit to complete isomerization is €Oz CHsF, and CHCN occur by proton-transfer, whereas the
~ 4 eV; with a molecular system this smak(E) is very reaction with COS was by charge-transfer alone. We are grateful

sensitive to small changes in activation energy and entropy). t0 Philippe Mourgues for suggesting this reagent, also cited in
Therefore, the CID mass spectra mentioned earlier are neces® communication by Vinogradov in ref 6.

sarily characterizing mixtures of structureand2, with slightly When GHzN** ions were generated from the dissociative
more1 being present when acetonitrile is ionized as compared ionization of butyronitrile, they showed no reactivity with €0
to when butyronitrile or chloroacetonitrile are dissociatively Or COS, indicating that butyronitrile is a source of pure ions
ionized. This conclusion was also drawn by Chaad is (Table 2). Due to the fact that both molecules have PAs below
consistent with a recent surface-induced reaction study by Mair 763 kJ mot* and |Es greater than that of neutral E&3NH, it

et al® It also accounts for some of the observed variation in the seems most likely that this unreactive population of ions has
CID mass spectra between instruments (in which source structure2. This in turn means that the reactive fraction of ions

conditions and experimental time scales will all be slightly in Table 1 must be due to those having structiirdhe only
different)1-3 other thermodynamically stable isomer on the calculated
Since it appears to be impossible to generate fdusader potential energy surface that could be accessed fragrCH,-
these experimental conditions, something other than CID massNCH™* (the barrier leading to this isomer fro&is comparable
spectra must be used to characterlzand 2. The PA of the to that leading fron® to 1).> However, the PA of the isonitrile
two ends of CH,CN are very different (PA(C¥ 524 kJ mot? carbon in"CH,NC is 790 kJ mol* and the IE of CHNCH is
and PA(N)= 763 kJ mot?)12 suggesting that the composition 7.9 €V (G3 value), so none of the reactions in Table 1 would
of the two isomers in a population of,8sN** ions can be  Proceed if this were the structure form&d.
probed by examining ioamolecule reactions involving proton To produce ionized acetonitrild) near threshold (and thus
transfer. However, neutral substrates that have a PA betweerproduce more ions below the isomerization barrier), charge
these two values may assist the proton transfer (proton transporexchange from ionized xenon was employed in the external ion
catalysis)*~17 thereby altering the ratio ofi to 2 in the source. The IE of Xe (12.13 eV) is slighly lower than that of
population. Charge transfer is another possiblity due to the acetonitrile (12.2 eV), and so charge transfer to acetonitrile will
different IE values of acetonitrile (12.2 eV) and ketenimine (8.7 be slightly endothermic, resulting in lower internal energy ions
eV, G3 value). To probe these reactions,sCX (X = H, D) 1. The bulk Xe pressure was 6:6107% mbar and only a trace
was ionized in the external ion source of a 4.7 T Bruker Apex of CH3CN was introduced to avoid direct ionization. The results
TM 47e FT-ICR mass spectrometéusing 23 eV electrons.  for the ensuing ion molecule reactions with £énd NO are
The resulting mixture of €X3N** ions was led into the ICR  shown in Table 1. For CQit is clear that a larger population
cell and isolated from any other undesired species using low of reactive ions is present, consistent with a greater population
energy “single shots”. The selected ions were then allowed to of 1 formed in the ion source.
react with various substrates (Table 1) that were admitted at a So it is evident that it is very difficult to generate ionized
constant pressure of ¥ 1078—4 x 1078 mbar by a needle  acetonitrile ions in their unrearranged form. The thermal
valve from an inlet system. The pressure readings obtained byrotational and vibrational internal energy distribution of neutral
an ion gauge were calibrated according to standard procetfures. acetonitrile extends beyond the 70 kJ midl,3-H shift barrier.
Because ions that are transferred from the external source intoSo, even threshold ionization with photons results in endugh
the cell have excess kinetic energy, a routine practice consistsmade above the barrier that the observed rate constant for
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conversion ta? is greater than zero (25%.22 Any photon or
electron energy above the threshold will therefore result in
greater observed rate constant and hence everlleéss, any

a

ionization method other than perhaps threshold coincidence

spectroscopy of cold neutral acetonitrile molecules will inevi-

tably generate ionized ketenimine as a coproduct. Because ofS

this, and the sensitivity of the ratio of the two structures to
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by adding 70 kJ mol* to the AsH® of 1 of 1251 kJ mot?;1the theoretical
estimate based on the CBRAD level of theory is 1425 kJ mol, 100 kJ
mol~1 above the G3 barriét The B3-LYP/6-313+G(3df,3dp) value is
109 kJ mof? above the barrier.

(10) Scaott, A. P.; Radom, L1. Phys. Cheml996 100, 16502-16513.
(11) Mayer, P. M.; Taylor, M. S.; Wong, M. W.; Radom, 1. Phys.
hem. A1998 102, 7074-7080. The B3-LYP/6-311+G(3df,3dp) value
is 42 kJ mof15

(12) PA(C) was obtained from the knowkH valued® for CH,CN,

internal energy and the time scale of observation, CID mass H* and CHCN* and PA(N) was from ref 14.

spectrometry is not the best tool to quantify the amourit iof
a given population. loamolecule reactions remain the most
reliable way of estimating the fraction &fin any environment.
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