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Abstract

Using a combination of tandem mass spectrometric experiments (ion—molecule reactions, collisional activation, neutralization—reionization,
MS/MS/MS) and theoretical calculations, protonated substituted benzenes are demonstrated to readily react wittbugutratite by
the formation of stable complexes linking ionized nitric oxide to the benzene derivatives. The overall process is proposed to involve the
concomitant elimination of neutral 2-methyl-2-propanol. Proton-bound dimers are proposed to intervene as the key-intermediates in these
reactions, which also competitively produce protonatbdtyl nitrite. All the experiments were performed in a single hybrid tandem mass
spectrometer of sector-quadrupole-sector configuration.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction these short-livedo-protonated forms have been demon-
strated by time-resolved spectroscofy] and infrared
It is now generally accepted that protonated benzene ismultiphoton decomposition techniquis.

best described as axE o-protonated structurgl], lying More recently, we have observed that protonated ben-
199 kJ mot! lower on the GH;™ potential energy surface  zenes readily react withbutyl nitrite {-BuO-N=0), in the
than the isomeric face-centeredcomplex Gcheme 1[2]. qguadrupole collision cell of a hybrid tandem mass spectrom-

Such species are key-intermediates in electrophilic aromaticeter by formal attachment of nitric oxide and simultaneous
substitutions with reaction profiles highly dependent on the loss of neutral 2-methyl-2-propanol. The structural deter-
nature of electrophiles and reactants. mination of the so-produced ions forms the subject of the

For instance, nitrosation of benzene is a well-known present report.
aromatic electrophilic substitution of a proton by ion-
ized nitric oxide generated by protonation of nitrous acid.
The reaction proceeds through and g-adducts with a 2. Experimental
rate-determining step associated with the deprotonation re-
action of theo-protonated form. This particular behavior The spectra were recorded on a large-scale tandem mass
has been evidenced by the observation of an isotope effectspectrometer (Micromass AutoSpec 6F, Manchester) com-
in the nitrosation of perdeuterated benzd8k Recently, bining six sectors of ciBicExqcEsBocE4 geometry (E
theoretical calculations have suggested an alternative to thestands for electric sector,;Bor magnetic sector, g for a
proposed mechanism involving-complex transformation  quadrupole collision cell, and ¢ for conventional collision
into Wheland types-structureg4]. The intermediacies of  cells). Typical conditions have been reported elsewfidre

The installation of the RF-only quadrupole collision cell (Q

B . cell) inside the instrument between &Bnd E has also been
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3. Results and discussion

H
H ‘H+ 3.1. Nitrosation of benzene

Proton attachment on benzene readily occurs in the
chemical ionization source pressurized with methane. After
Scheme 1. mass-selection and deceleration at low kinetic energy (see
Section 2, these ions react withbutyl nitrite in the RF-only
quadrupole collision cell. The product ions, re-accelerated
ated ions. Briefly, the experiments utilizing the quadrupole at 8kv, are thereafter mass analyzed by scanning the field
consist of the selection of a beam of fast ions (8 keV) with of the second magnetic sector. The resu]ting spectrum, pre-
the three first sectors (B1Ey), the deceleration of these sented inFig. 13 features intense peaksratz 104, 86 and
ions to approximately 5 eV. The interaction between the ions 57 ascribed to proton transfer teoutyl nitrite (MW 103)
and the reagent gas is thereafter realized in the Q cell and[10] and, more interestingly, atvz 108 for attachment of
after re-acceleration at 8keV, all the ions generated in the pitric oxide and loss of a hydrogen atom (probably in the
quadrupole are separated and mass measured by scanningrm of 2-methyl-2-propanol), secheme 2
the field of the second magnet. The high-energy collisional  gych [GHs + NOJ ™ ions (Vz 108) have been previously
activation (CA) spectra of mass-selected ions generated ingpserved in the ClI (N€ mass spectrum of benzene ob-
the Q cell can be recorded by a scanning of the fieldffer ~ tained with a Towsend discharge techniqaé], or, more
selection of the ions with £and B. recently, in flowing afterglow experiments (selected ion flow
In the neutralization—reionization experiments, the Q cell type studies (SIFT))L2]. The actual structure of these ions
and its ion optics is extracted from its housing and an ad- was however not defined in these earlier reports but ascribed
ditional neutralization collision cell is inserted before the g w-complexes following other FT-ICR studigd3—15]
reionization cell which precedeszEUn-reacted ions are  ypon collisional activation, the [§Hg + NOJ* ions inten-
eliminated by floating (9000 eV) the intermediate calibration sjyely expel a molecule of nitric oxide and the recorded CA

0 -complex Tt-complex

ion source9]. . _ spectrum consequently features a very intense peaizat
All the samples were commercially available and used 7g (Fig. 1 corresponding to the molecular ions of benzene.
without any further purification. The remaining peaks at lower masses are similar to those
57 ‘T
50 (1'.
| ﬁ
86 108 il
3FO 39 ‘\ }
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Fig. 1. lon—-molecule reactions of protonated benzeng 79) with t-butyl nitrite (a) and collisional activation spectrum (CA, nitrogen collision gas) of
the [GsHgNO]J ' ions (z 108) (b).

m/z 108
H — > m/z57 loss of HONO
c\f v
N=0O ——> m/z86 loss of CH4/H; [10]
m/z 104

Scheme 2.
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observed in the CA spectrum of ionized benzene, exceptstrated on numerous occasions (for recent reviewd,183e
obviously for them/z 30 signal (loss of neutral benzene). Al The NR spectrum of the [§Hg + NOJ*™ ions (n/z 108)
these experimental data support the formation of a cationic generated by CI (NO) of benzene is showifrig. 2a No re-
adduct connecting nitric oxide to benzene. covery signal corresponding to survivor ions is observed in
Two isotopomers of protonated benzene have been con-the recorded spectrum and this experimental fact indicates
sidered in order to evaluate the origin of the leaving hy- that the neutral species produced by vertical reduction of
drogen atom (as 2-methyl-2-propanol). The first species isthem/z 108 ions is characterized by a life time shorter than

deuterated benzenedB8sD ™, m/z 80) obtained by chemical
ionization of benzene with CDD as the CI gas, whereas
the second cation @gDgH™, M/z 85) is prepared by protona-

a fraction of microsecond, that is the time of flight between
both the collision cells. The NR spectrum is also very sim-
ilar to the NR of benzene molecular ionsid. 2h), except

tion of perdeuterated benzene (Cl (methanol)). Both ions areobviously for the peak atrvz 30 (reionized nitric oxide).

then reacted with-butyl nitrite in the quadrupole cell and we

The following observation is worthy of note when compar-

focussed on the NO attachment process. Source conditionsng both NR spectra. Although th&/z 78 ions formed in

were optimized in order to avoid important overlapping of the ion source or in the reionization cell have the same ki-
isotopic contaminants. NDattachment is accompanied ei- netic energy (5777 eV), the resolution achieved in the case
ther by a 1t or a D loss. The measured branching ratios are of the former ions appears significantly increased. It is thus
close to the statistical values suggesting that randomizationproposed that the reionized species generated during the
precedes the ion—molecule reactions. Such randomizationneutralization—fragmentation—reionization experiment are

has also been reported using radiolytic, flowing afterglow
and ion cyclotron resonance methodolodi&8,17] More-
over, H loss is also seen favored ovef Idss by a signifi-
cant statistically normalizing factor of 1.6 (ranging from 1.2
to 1.8in[10]). It has been established by ab initio molecular
orbital calculations that the H randomization by 1,2-H shifts
connecting twoo-structures of protonated benzene needs
only 34 kJmot? [1]. Although all gathered evidence points

characterized by a broader distribution of kinetic energies
than those produced by direct electron ionization. Diffuse
peak shapes have been ascribed to the dissociation products
of unstable neutralgl9]. The stability of the cyclohexadi-
enyl radical [GH7°*] prepared by flash photolysis has been
recently recognized20]. Moreover, a series of NR mass
spectra of O ring-adducts of aromatic compounds have in-
dicated ion signals for the reionization of the MDeutrals

to aco-structure for protonated benzene, not a face-centered[21]. These observations, together with our experimental

w-complex, the actual structure of thedlds + NOJ ' ions
is not established in these experiments.
The efficiency of neutralization—reionization mass spec-

trometry in the field of reactive molecules has been demon-
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results, suggest the {Elg + NO]™ ions to be more likely
seen as a face-centeredcomplex linking ionized nitric
oxide to benzene than as a covalently-bourrdomplex.
For the sake of comparison, the NR spectrum of protonated
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Fig. 2. NR mass spectra (NHD2) of the [GsHg*NO]* ions (n/z 108) (a), of the [GHe]* T radical cations accelerated at 5777 eV (b) and of protonated

nitrosobenzenenf’z 108) (c).
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nitrosobenzene has also been recordéd.(29; an intense  conditions and originates from the transfer of N@ pyri-
recovery signal is observedmtz 108 and the relative abun-  dine (n/z 109). Consequently, pyridine is characterized by a
dances of the other peaks are clearly different from those higher affinity for ionized nitric oxide than benzene. Proton
observed irFig. 2a Compared to the [fHg + NO]* case,  attachment to pyridinenf/z 80) is not significantly observed
vertical reduction of protonated nitrosobenzene generates gpeak intensity of less than 1% af/iz 109) and this piece
stable neutral ascribed to glsN(H)O*® nitroxide structure.  of information supports the production of agids + NOJ*

In an extensive review, it has been suggested that isomericface-centeredr-complex ions.
o-structures otr-complexes derived from benzenes could be  In agreement with the calculations of Skokov and Wheeler
differentiated on the basis of their reactivity towards appro- [4], at the B3LYP/6-3%G(d,p) level of theory, we were not
priate base§l5,22] o-Structures are indeed expected to be able to locate a stable-structure for the [@Hg + NOJ*
more prone to react as a Brgnstedt acid thacomplexes.  species. Irrespective of the initially selected structure, the
We have, therefore, prepared thelg+NO] ™ inthe chem-  super-system always converged toward-theomplex with
ical ionization source (nitric oxide reagent gas) and allowed a stretching of the C—N bond and a displacement of N®
these ions to react with pyridine in the quadrupole colli- ward thew-position. The final structure, depictedfig. 33
sion cell. In close agreement with a previous reguit], is stabilized by 195 kJ mot relative to the isolated nitroso-
only one significant ionic product was generated in these nium cation plus neutral benzene. The bond distances in the
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Fig. 3. Optimized geometry (B3LYP/6-31G(d,p)) of the face-centeresl-complexes connecting ionized nitric oxide to (a) benzene, (b) phenyl cyanide,
(c) pyridine and (d) furan and optimized geometry at the same level of theory af-tlenplexes connecting ionized nitric oxide to (e) pyridine, (f)
phenyl cyanide, and (g) furan. Bond lengths are given in angstroms (&) and bond angles in d&grees (
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Table 1

Relative abundance (%) of ions generated during the interaction of protonated aromatic spetiestghditrite in the quadrupolar collision cell
Substances PA(kJ mot1) NO* attachment t-Butyl” attachment Protonation of the nitrite AHP (kI mol1)
Nitrobenzene 809 44 2 54 —55

Phenyl cyanide 820 48 8 24 —44
Benzaldehyde 838 61 - 39 —26

Me benzoate 852 86 - 14 —12
Acetophenone 859 98 - 2 -5

aProton affinities (kJ molt) [25].
bHeats of reaction based on the 864 kJndoproton affinity oft-buty! nitrite [26].
¢Hidden reaction: roughly estimated assuming tim&t 104 and 86 have similar intensities.

benzene ring are only scarcely modified by the presence ofsults concerning this particular compound have been nicely
the NOF cation. It is also worthy of note that the N-O bond reproduced for the other phenyl derivatives.

is not rigorously perpendicular to the ring. This spatial ar-

rangement actually avoids an unstable symmetrical pyrami- 3.2.1. Preparation by ion—molecule reactions

dal arrangemeri23] which could cause a degeneracy of the  The results of the ion—-molecule reactions betwebutyl
electronic configuration. A Jahn-Teller-type distortion leads nitrite and the protonated aromatics are summarized in

to a stabilized structure having a lower symmetry. Table 1 and illustrated inFig. 4 in the specific case of
phenyl cyanide. Attachment of NCfollowed by the loss
3.2. Nitrosation of substituted benzenes of a hydrogen atom is an important process formally cor-

responding to 2-methyl-2-butanol elimination. The second
Similar experiments have been extended to the case ofreaction of importance is the proton transferttioutyl ni-

various mono-substituted benzenes: nitrobenzene, phenylrite, but its relative importance is rapidly decreasing when
cyanide, benzaldehyde, acetophenone and methyl benzoatéhe proton affinity of the substituted benzenes increases.
A common feature of these compounds is that they suf- t-Butyl attachment (formal loss of nitrous acid from the
fer protonation on the substituent, not on the ring, under encounter complex) is also observed as a minor reaction
chemical ionization condition§24]. Phenyl cyanide will for protonated nitrobenzene and protonated phenyl cyanide.
be used in the present report as a prototype and all the rePeaks for NO attachment are not shifted in labeling

104 @ ™z 105 133 ° m/z 105
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Fig. 4. lon—-molecule reactions of ions derived from phenyl cyanide wiityl nitrite. (2) Protonated phenyl cyanidevg 104)t-butyl nitrite; (b)

deuterated phenyl cyanidenfz 105)t-butyl nitrite. Peaks corresponding to incident ions are off-scale; (c) CA spectrum (nitrogen collision gas) of the
m/z 133 ions observed in (a).
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Fig. 5. NR spectra (xenon/oxygen) of thez 133 ions generated by chemical ionization (N®@f phenyl cyanide (a) and of the molecular ioms/4
103) of phenyl cyanide accelerated at 6195eV (b).

experiments using perdeuterated methanol as the Cl reagenfied by the presence of the NCation. It is also worthy of

gas indicating that, in contrast with the benzene case, thenote that the N-O bond is not again rigorously perpendicu-

deuterium atom is specifically expelled in the process (as lar to the ring; this is probably caused by the non-symmetric

O-deuterated 2-methyl-2-butanol). charge distribution in NO. Further experiments (see be-
Collisional activation in the high (8 keV) kinetic regime low) will nevertheless indicate thétis -complex is not the

indicates that the major process is the dissociation of the most stable complex.

complexes into the corresponding ionized substituted ben-

zene and NO. The resulting spectra thus resemble the CA 3.2.4. lon—molecule reactions with pyridine, benzene and

spectra of the corresponding benzenes plus a less intenséuran

peak atmvz 30 for NO' ions. As seen irFig. 4c for the As already mentioned, chemical ionization of substituted

phenyl cyanide case, the peakmalz 57 is due to the dis-  benzenes usingbutyl nitrite as the reagent gas has allowed

sociation of a small quantity of isobaric ions coming from in all cases the production of [M- NOJ* ions within the

nitrosation oft-butyl nitrite itself. ion source. These ions react efficiently with pyridine in the
guadrupole collision cell by transfer of NOto pyridine
3.2.2. Neutralization—reionization experiments (production ofm/z 109 ions, se€lable 2. A very small
The NR spectrum of the [§HsCN-+NO]* ions (1/z133) amount of protonated pyridinen(z 80) is only observed in
generated by CI (NQ of phenyl cyanide is shown iRig. 5a the case of benzaldehyde. As for benzene itself, this seems to
As for the benzene case (vide supra), no recovery signal isindicate that the [M-NO]J ' ions formed are nat-complexes
observed indicating that the neutral radicadiHigCN+NOQ]* that are expected to act as Brgnsted acid by proton transfer

was generated transiently in the gas phase by vertical re-reactions. The reacting [M NO]* have also been prepared
duction of the mass-selected ions and immediately—uwithin by nitric oxide chemical ionization, except for benzaldehyde
a fraction of microsecond—dissociates into phenyl cyanide which reacts exclusively by hydride abstraction and methyl
and nitric oxide. Subsequent collision-induced reionization benzoate which reacts mainly by methoxide abstraction. In
of both these neutral molecules yields the NR spectrum these ionization conditions, the transfer of N@ pyridine
shown inFig. 5athat consequently is found very similar to was also found the dominant process.

the NR spectrum of phenyl cyanide radical catiorig (5 Since pyridine is ar-deficient system, it also appeared

except for the signal atvz 30 corresponding to reionized of interest to investigate two others reagents, namely neu-

nitric oxide. tral furan (am-exceedingly heterocyclic system) and neutral
Similar results were obtained for §E5NO, + NOJ* benzene. As in the case of pyridine, all the different com-

ions (z 153) and [@H5COCH; + NOJ* ions Wz 150). plexes transferred NOto the neutral reagents (s&€able 2.
[CeHsCHO + NOJ™ ions Wz 136) and [GH5CO,CHs + The NO transfer was the most efficient process when pyri-
NOJ* ions (Wz 166) behave in NRMS experiments as do dine is the target compound except in the cases of nitroben-
the other ions: complete absence of recovery signals and NRzene and phenyl cyanide complexes where the efficiencies
spectra very similar to the CA spectra of the derived radical were found to be quite similar irrespective of the nature of

cations. the reactive ion.
The [pyridine+ NOJ ™, [furan+ NO]* and [benzene-
3.2.3. Quantum chemical calculations NOJ* complexes could also readily be formed under nitric

As in the case of benzene itself, we have identified at the oxide chemical ionization conditions. The structure of the
B3LYP/6-314+G(d,p) level of theory a stable-complex, de- w-complexes calculated at the B3LYP/6-8G(d,p) level
picted inFig. 3h stabilized by 131 kJ mol relative to the of theory has already been describedFig. 3. Their rel-
isolated nitrosonium cation plus neutral phenyl cyanide. The ative stabilities have been estimated by crossed reactions
bond distances in the benzene ring are only scarcely modi-with their corresponding neutrals (s€able 3. It is exper-
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lon—molecule reactions of [M- NOJ* ions with pyridine, furan or benzene in the quadrupolar collision cell

37

Reacting [M+ NOJ* ions Neutral reagents Efficienty%o) Other ionsm/z (%)°
M = nitrobenzene Pyridine 8 30 (1)
Furan 9 68 (5)
Benzene 6 30 (10), 78 (2)
Phenyl cyanide Pyridine 14 79 (0.1), 30 (0.1)
Furan 22 68 (9), 30 (0.4)
Benzene 115 78 (1), 30 (0.4)
Benzaldehyde Pyridine 21 105 (26), 80 (3), 79 (2)
Furan 2 105 (120), 68 (3)
Benzene 1 105 (276), 30<(Q)
Me benzoate Pyridine 22 105 (13)
Furan 3 105 (97), 68 (0.7)
Benzene 3 105 (106)
Acetophenone Pyridine 12 120 (2)
Furan 0.5 120 (48), 68 (6), 108 (8)
Benzene 0.3 120 (112), 30 (22), 78 (5)

a8 Abundance ofwz 109 [pyridine+ NOJ*, 98 [furan+ NO]* or 108 [benzene- NO]* ions relative to un-reacted ions.
b Abundance relative tarv/z 109 [pyridine+ NOJ*t, 98 [furan+ NOJ* or 108 [benzene- NOJ* ions.

imentally found that the NO affinity decreases in the or-  ter stabilization of then-complex (31kJmoi* compared
der pyridine> furan > benzene. However, the fact that the to the m-complex). In the case of furan, NO appears to
[pyridine + NOJ* complex does not transfer significantly lie in a plane parallel to the heterocycle (fég. 3g. We
ionized NO to furan and benzene is in apparent contradic- note that the N1-N2 distance in time{CsHsCN + NOJ*
tion with the calculated negative heats of reactions reportedadduct of 2.07 A Fig. 36 is longer than that of 1.78 A in
in the fourth column ofTable 4 It was therefore suspected then-[pyridine+NO]* adduct counterparf{g. 3f). In both
that thew-[pyridine+ NOJ]™ complex was not the most sta- ~cases, these longer distances indicate the complex character
ble structure and the occurrencerstomplexation, namely  of the adducts.
an interaction with the nitrogen lone pair of electrons, has  In order to confirm the higher stability of trecomplex,
therefore to be taken into account. we have carried out coupled-cluster theory calculations, on

Calculations at the B3LYP/6-341+G(d,p) level of the- both 7- and n-complexes of the [phenyl cyanide NO]*
ory reveal that both the- andn-[pyridine+ NOJ* adducts  system. Atthe CCSD(T)/6-3114-G(d,p) level of theory, the
are true local minima on the potential energy surface. The n-complex Fig. 36 is in fact found to be 28 kJ mof below
n-complex turns out to be more stable by about 96 kJthol  the m-complex Eig. 3b). This result lends further support
than thew-complex explaining thus the results indicated in for the B3LYP-values obtained for other complex systems.
the fifth column ofTable 4 Similar calculations onr- and
n-[phenyl cyanidet NOJ* complexes also revealed a bet- 3.2.5. Mechanisms

As proposed irScheme 3proton-bound dimers are most
probably involved in the observed ion—molecule reactions.

Table 3 , - Nevertheless, such intermediate species is never observed
lon—molecule reactions of [pyridireNO] ", [furan+NO]* and [benzene . ! ..
NOJ* ions with neutral pyridine, furan or benzene in the quadrupolar N the quadrupole collision cell probably due to the lack
collision cell of thermalization. In the case of nitrobenzene and phenyl
cyanide, these dimers can however be produced in the

Reacting [M+ NOJ* ions Neutral reagents Efficienty%) - e IRV A
— ” - chemical ionization source—ionization of a mixture of the

Zer:zgnzny cyanice Furan g aromatic species antibutyl nitrite—and their collisional
Pyridine 01 activation supports their intervention in the processes. This

. is indicated by the CA spectrum of the/z 221 ions gen-
Phenyl cyanide Benzene 115 . . L .
Fural® 3 erated during methanol chemical ionization of a mixture of
Pyridine 0.1 o-methyl phenyl cyanide (this cyanide was choosen in order

Ph . . to eliminate isobaric ambiguities) adbutyl nitrite which,
enyl cyanide Pyridine 14 . . . . ..
Benzene 35 as expected28], mainly dissociate yielding competitively
Furar? 3 the protonated forms of both partners—protonatdatyl
nitrite and protonated-methyl phenyl cyanide are respec-
tively observed at/z 104 and 118. It is also observed in
this CA spectrum an intense signahalz 147 corresponding

a8 Abundance ofm/z 109 [pyridine+ NOJ™, 98 [furan+ NOJ* or 108
[benzene+ NOJ™ ions relative to un-reacted ions.
b Complexes prepared by CI of a mixture of furan arslitylnitrite.
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Table 4
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Transfer reactions of NO from w-complexes to neutral furan (theoretical and experimental results)

Complexes Neutral reagent NQransfer to neutral reagént AH (kJmolh)P r-complex AH (kJmol1)¢ n-complex
Pyridine Furan Not observed -35 59

Phenyl cyanide Observed —42 —-14

Benzene Observed 4 3

Pyridine Benzene Not observed —38 56

Phenyl cyanide Observed —47 -17

Phenyl cyanide Pyridine Observed -9 —73

a8 Experimental results.

b Heats of reaction based on the calculations of the differecdmplexes at the B3LYP/6-31G(d,p), B3LYP/6-31%G(2df,p) and MP2/6-31£G(2df,p)

level of theory.

CHeats of reaction based on the calculations of the differerstnd m-complexes at the B3LYP/6-3%4-G(d,p) level of theory.

to the transfer of NO cation to methylphenyl cyanide, see
Scheme Jrelative abundances of ti'z 104, 118 and 147:
24, 56 and 20% respectively). All these experimental data
reveal thatm/z 221 cations are likely to be the key-species
on the way to the formation of the observed ion—molecule
reaction products.

We have then established, by quantum chemical calcu-
lations at the B3LYP/6-31£+G(d,p) level of theory, a
potential energy diagram (sé€g. 6) related to the reac-
tions of protonated phenyl cyanide witkhbutyl nitrite—
protonation of the nitrite Yz 104), n-adduct (Wz 133)
andt-butylation of phenyl cyanidenfz 160). The heats of

the interaction), low energy barriers are certainly easily
surmounted. At the B3LYP/6-311-+G(d,p) level of theory,
we were not able to localize the proton-bound complex; the
value (-82 kJmot?1) given inFig. 6 corresponds to a cal-
culated stabilization energy of the phenyl cyanide/methyl
nitrite proton-bound complex.

Finally, it is worth noting that the structure of thez 160
ion, initially considered abl-t-butyl phenyl cyanide, is more
likely a “proton-bound dimer species” in which a proton is
solvated by a molecule of phenyl cyanide and a molecule
of 2-methylpropene. At the B3LYP/6-334-G(d,p) level of
theory, we were not able to localize a staldle-butyl phenyl

reactions depicted in the diagram are in agreement with thecyanide structure.

observation of the ion—molecule reactions experimentally
observed (seg&able 9. Proton transfer to thebutyl nitrite

appears to be slightly endothermic, while the two other
processes are calculated to be very slightly exothermic.
Under our experimental conditions (absence of efficient
thermalization of the reactive mass-selected ions prior to

The n-complex represents thus a global minimum on
the potential energy surface of the cation N@henyl
cyanide system (seEig. 6). The stabilization of the ni-
trosonium cation by complexation by a molecule of phenyl
cyanide amounts to 178 kJmdl Together with the heats
of formation of phenyl cyanide (219 kJmdi) and NO"

CH
s CHs
.
C=N—H +  CHgwy ONO
CH3
m/z 118 l
CHg
nN=0
. /
C=N---H*----0
_CHg
Proton-bound dimer HsC CHs m/z 221
Qo o A N
CHgry HO
CHy cfug OH .
. NO CN |NO CHj
H_O\ H3C + CH2
C(CHa)s C=N-—H-—- I
7/ N\
m/z 104 H3C  CH3
m/z 174
m/z 147
Scheme 3.
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+
Erel (kJ mol™1) *+ue .
(CH3)3CONO CN + NO
+

(CH3)3COH

(A) ch +
+ H
(CH3)3C—0\/
NO
*N=0

+ (CH3)3COH

(c) @—cu--u-j:l\-l- HNO,

@—CNH+
+

(CH3)3CONO

proton-bound
complex

Fig. 6. Potential energy diagram for the reaction of protonated phenyl cyanide-ittyl nitrite (energies in kJ mol).
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