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ABSTRACT

The gas-phase reactivity of dications generated by dissociative electron ionization of several aromatic
CmHpN, precursors with 4<m <13, 4<n <21, and 0 <0 <2 with rare gases is investigated. Whereas
most of these reactions lead to monocations via simple electron transfer, proton transfer, or Coulomb
explosion, the formation of organo rare-gas dications is observed in a few cases. Specifically, dications
generated from 2,4,6-trimethylpyridine react with krypton and xenon to form organo rare-gas species as
major products and under maintenance of the two-fold positive charge. Such a reactivity is not observed
in the presence of lighter rare gases. The formation of organo rare-gas dications are also observed for
dications generated from 3-vinylpyridine, N,N-dimethylaniline, isopropylbenzene, and 4-ethyltoluene
as neutral precursors. In some cases, isomeric dications are characterized by very different reactivity
toward rare gases, suggesting that the structure of the precursors is crucial and that electron ionization
does not lead to a total scrambling of the structures of the doubly charged ions obtained.

Organo rare-gas dication
Xenon

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

First predicted by Linus Pauling in 1933 [1,2], many rare gas
compounds have been synthesized and characterized, from their
discovery in 1962 [3-6] until now, using different techniques [2,7].
Theoretical investigations were also carried out to understand the
stability of these compounds, to determine their structures [8-13],
and to predict their stability prior to an experimental characteri-
zation [14-17]. From an experimental point of view, rotationally
resolved spectroscopy, for instance, has been used to investigate
molecular complexes of one or more rare gas atoms (He, Ne, Ar, Kr
or Xe) [18] such as dimethylsilane-Ar [19], difluorodimethylsilane-
Ar [20], and a series of argon-fluorocarbon compounds [21]. Several
rare-gas hydrides were prepared by photolysis and studied at low
temperatures in solid noble gas matrices [22-24]. Different “exotic
rare gas compounds”, such as CHAr* [25], have been observed or
studied theoretically [24,25-30].

Possible reagents capable of activating rare gases must be very
electrophilic in order to break down the closed-shell configura-
tion of the rare gases. In this respect, small multiply charged ions
are particularly promising candidates for the activation of rare-gas
species [31,32]. Mass spectrometric experiments are ideally suited
for the investigation of such reactions and these techniques have
been successfully applied to generate, to characterize and to study
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different organo-rare gas compounds [33,34]. Recently, we have
found that C;H,2* dications generated by electron ionization of
toluene can react with xenon under termolecular conditions to
form novel organo-rare gas species [35]. Due to the continuous
interest in rare-gas compounds [36-39], these findings prompted
us towards a deeper investigation of these reactions. To this end,
we studied the reactions of several organic dications with rare
gases using a triple quadrupole mass spectrometer under simi-
lar conditions as already used in our laboratory to synthesize and
characterize the rare-gas silicon compounds NeSiF,2* and ArSiF,2*
[40,41], the carbon analog ArCF,2* [42], and the organo-rare gas
dications, HCCRg?* (Rg=Ar, Kr) [33] as well as the argon-carbene
monocation ArCH,* [34]. Here, we present results concerning the
generation and characterization of new organo-rare gas dications,
CmHnNoRg2* with m=4-13, n=4-21, 0=0-2, and (Rg=Kr, Xe),
in reactions of rare gases with several C;yH;N,2* dications (with
m=4-13,n=4-21, and 0=0-2) generated via double ionization of
medium-sized, heteroaromatic precursors as well as of medium-
sized pure hydrocarbon dications C,Hp,2*.

2. Experimental details

The experimental conditions used were similar to our previ-
ous exploratory study of the reactivity of methane with several
CmHpNo2* dications (m=4-13, n=4-21, and 0=0-2) formed via
electron ionization (EI) of different medium-sized aromatic and
hetero-aromatic neutral precursors [43-46]. In brief, the reactiv-
ity studies were performed with a TSQ Classic mass spectrometer
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[47,48] equipped with an EI source. The analyzer region of the TSQ
Classic bears a QOQ configuration (Q stands for quadrupole and O
for octopole), which permits a variety of MS/MS experiments. The
octopole serving as a collision cell has a separate housing which
limits the penetration of gases admitted to the octopole to the
vacuum of the manifold. The kinetic energy of the ions entering
the octopole can be varied between 0 and 200eV, which allows
the investigation of ion/molecule reactions at quasi-thermal con-
ditions or collision-induced dissociation (CID) at elevated kinetic
energies. The ion/molecule reactions of the CH;N,2* dications
described below were performed by mass-selecting the ions of
interest with the first quadrupole (Q1) at a mass resolution fully
sufficient to resolve mono- and dications. Note that within the
limits of our instrumentation, we could not further cool the hydro-
carbon cations investigated in this work [49]. The mass-selected
dications were then reacted with neutral rare gases admitted to
the octopole at a typical pressure of 10~4 mbar; deliberately the
pressure of the neutral gases was also raised above the single-
collision regime [50] in order to investigate consecutive reactions
as well as termolecular processes [51]; for a recent detailed study
of the dynamics of collisional stabilization, see [52]. Unless oth-
erwise specified, the collision energy was adjusted by changing
the offset between the first quadrupole and the octopole, while
the offset of Q2 was locked to the sum of the offsets of Q1 and
0. The zero-point of the kinetic energy scale as well as the width
of the kinetic energy distribution were determined by means of
retarding-potential analysis; for the dications reported here, the
beam width at half maximum was about (5 4 1) eV in the laboratory
frame. The bimolecular reactions reported below were recorded at
anion kinetic energy which corresponds to the point of inflection of
the curve obtained by retarding-potential analysis. We have shown
previously that quasi-thermal reactivity can be monitored under
these conditions [53-56]; here the term quasi-thermal appreci-
ates the fact that the ions’ average kinetic energy is indeed close
to thermal conditions, while the width of the ions’ kinetic energy
distribution is not. Ionic products emerging from the octopole were
then mass-analyzed by scanning Q2, for which unit mass resolution
was adjusted. Typically, about hundred scans were accumulated
resulting in an average scan time of 5 min per spectrum.

3. Results and discussion

We will first describe the reactivity between xenon and CgH,N2*
dications (n=6-11) generated by electron ionization of 2,4,6-
trimethylpyridine, followed by the reactions of the same dications
with krypton and lighter rare gases. Then, these reactivities will
be compared to those observed in the case of dications generated
from other hetero-aromatic precursors, as well as all-carbon aro-
matic precursors, including different isomers. A general feature of
these reactions is that the organo-rare gas ions are only observed at
elevated pressures of the rare gases, i.e., beyond the single-collision
regime, involving termolecular association processes [57,58]. This
is a strong indication for the formation of these products via ter-
molecular collision processes; for the case of C;Hg2* this aspect also
has been investigated quantitatively [35].

3.1. Reactions of xenon with dications generated from
2,4,6-trimethylpyridine

In addition to much more intense monocations, a series of
CgH,N2* dications are generated upon electron ionization of 2,4,6-
trimethylpyridine of which six ions are of sufficient abundance
for reactivity studies, i.e., CgHgN2* (m/z 58), CgH7N2* (m/z 58.5),
CgHgN2* (m/z 59), CgHgN%* (m/z 59.5), CgH1oN2* (m/z 60), and
CgH{1N2* (m/z 60.5) [59]. The reactivity of each of these dications
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Fig. 1. Mass spectrum obtained upon interaction of xenon with the mass-
selected CgH;N?* dications generated by dissociative electron ionization of
2,4,6-trimethylpyridine. The inset shows the organo-rare gas dication on an
expanded mass scale. The XeH* formed as a counterpart according to reaction (2) is
converted to H;O" by reaction with water present in the background.

with xenon has been studied. As expected, proton transfer, electron
transfer, as well as charge separation reactions leading to the for-
mation of monocationic products prevail in most cases, but in some
instances also bond-forming reactions with xenon are observed
(see below). As an example for the general reactivity of these ener-
getic dications, Egs. (1)-(2) show the reactions observed for the
CgH7N2* dication (m/z 58.5). Note that the loss of H, from the
dication, the Coulomb explosions as well as the proton- and the
charge-transfer reactions of the CgH,N2* dications generated from
2,4,6-trimethylpyridine have already been studied and reported
with other gases [43].

Coulomb explosion CgH7N?>* — CyH3t + CgH4N™T (1)
Proton transfer CgH7N?t + Xe — CyHgN* + XeH* (2)

In addition to these expected product ions, the dications
react with xenon to form organo-rare gas dications in signifi-
cant proportions, yielding three different organo-rare gas dications,
CgHgNXe?*, CgH7NXe2*, and CgHgNXe2*, reactions (3)—(7).

CgHgN?* + Xe — CgHgNXe?* (3)
CgH7N?* + Xe — CgHyNXe?* (4)
CgHgN?t + Xe — CgHgNXe?+ (5)
CgHoN%+ + Xe — CgHyNXe?t +H, (6)
CgHyoN?t + Xe — CgHgNXe?* +H, (7)

As an example, the spectrum obtained for CgH;N2* is shown in
Fig. 1. While the major product ion corresponds to proton trans-
fer to afford CgHgN?*, a signal in the range m/z 123-126.5 shows
the characteristic isotope pattern of xenon and can be assigned to
CgH7NXe?* formed via association of xenon to the precursor dica-
tion (reaction (4)). Similar patterns are observed for four other
dications from this precursor which are summarized in Table 1
further below.

3.2. Reactions of krypton with dications generated from
2,4,6-trimethylpyridine

Having observed these CgH,NXe2* dications, detection of the
analogous products with krypton is an obvious challenge. The
CgHpNZ* dications with n=7-10 generated via dissociative electron
ionization of 2,4,6-trimethylpyridine indeed lead to the forma-
tion of organo-rare gas dications, i.e., CgH7NKr2* (reactions (8)
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Table 1

Summary of the dications generated by dissociative electron ionization of different hetero-aromatic precursors and the organo-xenon dications observed in the presence of

Xe.

Precursor (formula) Dications studied (m/z)?

Organo-rare gas ionsP

Pyrimidine (C4H4N>)
Pyridine (CsHsN)
Benzonitrile (C7HsN)
3-Vinylpyridine (C;H;N)

CsHsN?* (39.5), CsHaN2* (39)

C7H7N2?* (52.5)
C7HgN?* (52)
C7H5N?* (51.5)
N-Methylaniline (C;HgN)
2-Ethylpyridine (C;HgN)
2,5-Dimethylpyridine (C;HgN)
2,6-Dimethylpyridine (C;HgN)
2,4,6-Trimethylpyridine (CsHy1N)

C;H;N?* (52.5)

CgH11N?* (60.5)
CgHioN?* (60)
CgHgN?* (59.5)
CgHgN?* (59)
CgH;N?* (58.5)
CgHgN?* (58)
N,N-Dimethylaniline (CgH;1N)
CgHoN?* (59.5)
CgH;N?* (58.5)
Quinoline (CoH7N) CoH7N?* (64.5), CoHsN?* (63.5)
2-(t-Butyl)-pyridine (CoHy3N)

2,6-Di(t-butyl)-pyridine (C;3H21N) Ci3Hp N2+ (95.5)

C4HaN22* (40), C4H3N,2* (39.5), C4Ho N, 2* (39)

C7HsN?* (51.5), C7H4N2* (51), C;H3N2* (50.5), C;H,N2* (50)

C;H;NXe?* (<1%)
C/HgNXe2" (<1%)

C7HgN?* (53.5), C7;HgN?* (53), C;H7N2* (52.5), C;HgN2* (52)

C7HgN?* (53.5), C;HgN2* (53), C;H7N2* (52.5), C;HgN2* (52), C;HsN2* (51.5), C7H4N2* (51)
C7HgN?* (53.5), C;HgN2* (53), C;H;N?* (52.5), C;HgN?* (52), C7H5N2* (51.5), C7H4N2* (51)

CsHsNXe?* (24
CsH7NXe?* (41
CsgHs NXe?* (9%
(
)

3%

)
)

)

3R — R

CsH;NXe?* (27
CsHgN?* (6%

CsH11N?* (60.5), CsHioN?* (60), CsHgN?* (59), CsHgN?* (58)

CsHoNXe?* (16%)
CsH;NXe?* (3%)

CoH11N?* (66.5), CoH1oN2* (66), CoHaN2* (65.5), CoHgN?* (65), CoH7N2* (64.5)

2 For the species with integer m/z values, overlapping monocations interfere in several cases. The pure dications might thus still be more reactive. For screening purposes,

this approach is consider to suffice, however.

b The numbers in brackets are the percentage of the organo-rare gas dications observed relative to the entire daughter ions formed.

and (10)) and CgHgNKr2* (reactions (9) and (11)), which are sim-
ilar to the those observed with Xe. The organo-rare gas dications
observed from the parentions at m/z58.5, 59, 59.5 and 60 represent
10%, 5%, 6%, and 2% of the entire daughter ions formed, respec-
tively. Interestingly, the non-hydrogen-depleted parent dication
CgH11N2* does not lead to the formation of any organo-rare gas
compound with either xenon or krypton, which can be ascribed to
the lower degree of unsaturation with larger values of n.

CgH7N?t 4+ Kr — CgH7NKr*+ (8)
CgHgN?t + Kr — CgHgNKr+ (9)
CgHoN?* + Kr — CgHyNKr?* +H, (10)
CgHioN?t +Kr — CgHgNKr?t 4+ H, (11)

As an example, Fig. 2 shows the mass spectra obtained in the
case of the parent ion CgH;N2* (m/z 58.5) in the case of an elevated
pressure of the rare gas in the collision cell (0.2 mTorr).

These findings prompted us towards an investigation of the
reactions between these dications with lighter rare gases, namely
He, Ne, and Ar. Contrary to the results obtained under the pres-
ence of Xe or Kr, however, none of these lighter rare gases reacts
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Fig. 2. Gas phase reactivity of the mass-selected CsH;N?* dication generated by
dissociative electron ionization of 2,4,6-trimethylpyridine with krypton. The inset
shows the organo-rare gas dication on an expanded mass scale.

with the investigated dications under formation of organo-rare gas
species. The origin for the lack of reactivity of the lighter rare gases
is obvious, because the binding energies of cationic species with
rare gases dramatically decrease from xenon to helium [60].

3.3. Reactions of xenon with medium sized N-containing
dications

In order to assess whether the reactivity observed in the case
of the dications obtained from 2,4,6-trimethylpyridine is a general
feature of the medium sized N-containing dications or a spe-
cific aspect of this particular precursor, we screened the reactivity
between rare gases and dications generated by dissociative elec-
tron ionization of a series of nitrogen heterocycles, anilines, and
also benzonitrile. Among these precursors, it is worth noting that
several precursors are structural isomers (e.g., N,N-dimethylaniline
and 2,4,6-trimethylpyridine) (Chart 1).

Most of the dications investigated do not lead to the formation
of organo-rare gas dications under our experimental conditions.
Instead, reactions prevail which lead to the formation of monoca-
tions, i.e., charge separation of the dications themselves, proton-
and electron transfer between the rare gas and the dications. Nev-
ertheless, in addition to such monocations, a small amount of the
organo-rare gas dication CgHgNXe2* is observed for the dication
CgHgN2* at m/z 59.5 generated by dissociative electron ionization
of N,N-dimethylaniline. All other investigated dications generated
from this precursor are unreactive towards xenon (Table 1).

The reactivity observed between the dications from 2,4,6-
trimethylpyridine and xenon is thus a specific feature of this
compound, and not a general characteristic of a wide family of N-
containing dications generated via electron ionization. Likewise,
the formation of CgH,;NKr2* appears to be characteristic of the dica-
tions formed from 2,4,6-trimethylpyridine as neutral precursor.

3.4. Reactions of rare gases with pure hydrocarbon dications
CaHm?*

For comparison, the reactivity of several dications gener-
ated from benzene, cyclooctatetraene, m-xylol, ethylbenzene,
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Chart 1. Structures of the neutral C,Hp,N, precursor compounds used in this work.

CHj, CHy CHj, CHs
CHy CHs
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CHa HsC CH,
CHs

benzene COoT m-xylol ethylbenzene propylbenzene

isopropylbenzene

mesitylene 4-ethyltoluene butylbenzene

Chart 2. Structures of the neutral C,Hy, precursor compounds used in this work (COT = cyclooctatetraene).

propylbenzene, isopropylbenzene, mesitylene, 4-ethyltoluene, and
butylbenzene (Chart 2) towards argon, krypton, and xenon were
studied. The dications investigated in this study are summarized in
Table 2.

Among these dications, two dications from isopropylbenzene
react with Xe to form organo-rare gas dications, namely CoHg2* and
CoHgZ*, leading to the formation of CqHgXe2* (4%) and CqHgXe2*
(8%), respectively. Two dications from 4-ethyltoluene, namely
CoHgoZ* and CoHg?* also slightly react with xenon, but the relative
intensities of the resulting organo-rare gas dications are below 1%.

The fact that most of the dications chosen for this study do not
form any organo-rare gas dications, and only reactions leading to
the formation of monocations via Coulomb explosions, proton- and
charge transfer are observed, further supports the above conclusion
that the formation of organo rare-gas dications is not a general
feature of the dications generated by double ionization of aro-
matic precursors. Even for those species for which the formation
of organo-rare gas dications is observed, a high pressure of the rare
gas is needed to support product formation.

Table 2

CgH N
m/z 58.5 from "+
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Fig.3. Gas-phase reactivity of xenon with mass-selected CgH;N?* (red) and CgHgN%*
(green), respectively, as an example of two different dications generated by dissocia-
tive electron ionization of N,N-dimethylaniline. For comparison, the mass spectrum
obtained under the same conditions for the mass-selected CgH;N?* dication gen-
erated by dissociative electron ionization of 2,4,6-trimethylpyridine is shown in
black.

Summary of the fragment ions observed after the reactivity between dications generated by dissociative electron ionization of cyclic precursors and Xe.

Precursor (formula)? Dications studied (m/z)

Benzene (CgHs)?
Cyclooctatetraene (CsHg)
m—Xylol (CgH]O)
Ethylbenzene (CsHio)

Propylbenzene (CgH]z) CgH]zz+ (60), C9H10

CeHe?* (39), CgHs2* (38.5), CsHa2* (38), CeH32* (37.5), CsHp2* (37)

CsHg?* (52), CgH7%* (51.5), CgHg2* (51), CsHs2* (50.5), CsHa2* (50), CsH32* (49.5), CgH22* (49)
CsHio2* (53), CgHs?* (52), CgH72* (51.5), CsHg?* (51), CsHs2* (50.5), CsHa?* (50)

CsHio?* (53), CgHo?* (52.5), CsHg?* (52), CsH,2* (51.5), CsHg?* (51), CgHs2* (50.5), CsHa2* (50)
2+ (59), CoHg2* (58), CoH72* (57.5), CoHg2* (57), CoHs2* (56)

Isopropylbenzene (CoHy2)

CoH112* (59.5), CoH10%* (59), CoHo?* (58.5), CoHs?* (58), CoH7%* (57.5), CoHg?* (57)

Mesitylene (CgH]z) CgH]zZ+ (60)' C9H]12+ (595)' CgH]oz+ (59), CQHQZ+ (585), CgHgZ+ (58), CQH72+ (575), CQHGZ+ (57)
4-Ethyltoluene (CoH12) CoHip2* (60), CoHy12* (59.5), CoHyp2* (59), CoHg2* (58.5), CoHg?* (58), CoH72* (57.5), CoHg?* (57)
Butylbenzene (CioHi4) CioH14%* (67), C1oH122* (66), C1oH10%* (65), C1oHe?* (64.5), C1oHs?* (64), C10H7%* (63.5), C1oHs?* (63)

2 For C;H,2* dications derived from toluene, see Ref. [35].

b The dications at the integer masses m/z 37, 38, and 39 overlap with the corresponding monocations C3Hsz*

Due to the absence of the formation of organo-rare gas compound for most species, we did not try to deconvolute the contributions of mono- and dications.

, C3Hy* and C3H*, that are known to be particularly intense.
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Fig. 4. Gas phase reactivity of three different mass-selected isomeric dications CoHg2* (m/z 57) generated by dissociative electron ionization of isopropylbenzene (in front)
and propylbenzene (middle), and mesitylene (in the back) in the presence of 1 mTorr of xenon in the collision cell.

3.5. Influence of the structure of the neutral precursors on the
reactivity of dications towards rare gases

As electron ionization is known as a “hard” ionization method,
one question is whether the dications obtained under these
conditions keep the structure of their precursors or extensive
rearrangements with complete loss of structural memory occur
[61,62]. Some insight into this point can be gained from this work,
because the reactivity of dications generated from different iso-
meric neutral precursor are investigated. For example, the dications
generated from N,N-dimethylaniline and 2,4,6-trimethylpyridine
react differently with rare gases (Fig. 3). The corresponding neu-
tral precursors notably differ, as in one case the hetero-atom is
in the aromatic ring, whereas N,N-dimethylaniline is a substituted
benzene. In order to investigate this aspect also for pure hydro-
carbon dications, the reactivity of the CoHg2* dications generated
via dissociative double ionization of the isomeric CgH1, precursors
isopropylbenzene, propylbenzene, and mesitylene is considered
(Fig. 4). Whereas the CqHg2* dications from propylbenzene and
mesitylene only lead to the formation of monocations via charge
separation, an organo-rare gas dication is formed with the dication
generated from isopropylbenzene. These results imply that despite
of the triple dehydrogenation upon dissociative double ionization,
the dications generated from these three precursors have different
structures. Thus, even if electron ionization can lead to rearrange-
ments or isomerizations of some ions, due to the excess of energy
deposited in the ions formed, the present results suggest that the
ions are confined in wells and do not probe the entire potential-
energy surface. A reviewer correctly argued that due to the lack
of ion thermalization in our experiments, the observed differences
in reactivity may also be due to a dramatically different internal
energy content of the ions formed via double ionization of different
neutral precursors. However, for those hydrocarbon dications for
which we have studied the bimolecular reactivity using threshold
double photoionization [35,44,63], the ions with low internal ener-
gies were most reactive in bimolecular collisions, whereas dications
with larger internal energy content also easily fragment via dehy-
drogenation of Coulomb explosions. Therefore, it appears more
plausible to relate the differences observed to isomeric structures,
although we cannot rule out internal-energy effects.

Fig. 3 also shows that the dications generated from mesity-
lene do not lead to the formation of organo-rare gas dications
with xenon. In contrast, with 2,4,6-trimethylpyridine as a neu-
tral precursor, the species CgHgNXe?*, CgH7NXe?* and CgHgNXe2*
can be prepared (see above). Thus, it appears that the presence
of the hetero-atom in the aromatic ring plays a key role in the
reactivity of dication. Nevertheless, hetero-aromatic precursors
do not systematically lead to more reactive dications towards
rare gases than the corresponding all-carbon aromatic precur-
sors. In fact, C;H,2* dications generated from toluene lead to the
formation of C;H;Xe2* dications [35], whereas the correspond-
ing hetero-analogs CgH,_1N2* generated upon double ionization
of 4-methylpyridine do not yield any organo-xenon dications.

Accordingly, the reactivity toward rare gases observed for several
dications generated from toluene [35], isopropylbenzene, and 4-
ethyltoluene as well as 3-vinylpyridine, 2,4,6-trimethylpyridine,
and N,N-dimethylaniline appears to be a specificity of these com-
pounds, rather than representing a general feature of dications
generated from aromatic precursors.

4. Conclusions

In this work, the reactivity of more than 100 dications generated
by dissociative electron ionization of several aromatic C;;Hy N, pre-
cursors with4<m<13,4<n<21 and 0 <o <2 toward rare gases
was investigated. Gas-phase experiments using a triple quadrupole
mass spectrometer reveal that most of these dications only lead
to the formation of monocations under multiple collisions condi-
tions with rare gases. In addition to these expected channels, eleven
new organo-xenon dications C,H,NoXe2* are observed. For dica-
tions generated from 2,4,6-trimethylpyridine as a neutral precursor
also the organo-krypton dications CgH7NKr%* and CgHgNKr2* are
detected. The expectation that some hydrocarbon dications might
be sufficiently strong superelectrophiles to support the formation
of stable adducts with rare gases is thus confirmed. The present
results also demonstrate that dications generated from isomeric
neutral precursors can bear different reactivities toward rare gases,
hence excluding a complete loss of structural identity upon disso-
ciative double ionization. Further, the presence of an hetero-atom
in the neutral precursor can also dramatically modify the reactiv-
ity of the dications generated, in the sense that it can either lead
to the formation of organo-rare gas compounds, or inversely pre-
vent such reactions. However, when comprehensively analyzing all
data, no obvious correlation between the reactivities observed and
the structures of the neutral precursor evolves.

Acknowledgements

This work was supported by the Czech Academy of Sciences
(Z40550506), the European Research Council (AdG HORIZOMS),
and the Grant Agency of the Czech Republic (203/09/1223).

References

[1] L. Pauling, J. Am. Chem. Soc. 55 (1933) 1895.
[2] J.H. Holloway, Noble-Gas Chemistry, Methuen, London, 1968.
[3] N.Bartlett, Proc. Chem. Soc. (1962) 218.
[4] L.Graham, O. Graudejus, N.K.Jha, N. Bartlett, Coord. Chem. Rev. 197 (2000) 321.
[5] H.H. Claassen, H. Selig, ].G. Malm, J. Am. Chem. Soc. 84 (1962) 3593.
[6] R. Hoppe, W. Ddhne, H. Mattauch, K. Rédder, Angew. Chem. Int. Ed. Engl. 1
(1962) 599.
[7] A.G. Syke, Recent advances in noble gas chemistry, in: Advances in Organic
Chemistry, vol. 46, Academic Press, New York, 1998.
[8] L.Khriachtchev, A. Domanskaya, J. Lundell, A. Akimov, M. Rdsdnen, E. Misochko,
J. Phys. Chem. A 114 (2010) 4181.
[9] P.Hobza, R. Zahradnik, K. Miiller-Dethlefs, Collect. Czech. Chem. Commun. 71
(2006) 443.
[10] S.G. Wang, Y.X. Qiu, W.H.E. Schwarz, Chem. Eur. J. 15 (2009) 6032.
[11] G.Frenking, W. Koch, F. Reichel, D. Cremer, ]. Am. Chem. Soc. 112 (1990) 4241.



58 E.-L. Zins, D. Schroder / International Journal of Mass Spectrometry 299 (2011) 53-58

[12] A.Krapp, G. Frenking, Chem. Eur. J. 13 (2007) 8256.

[13] CJ. Evans, T.G. Wright, A.M. Gardner, ]. Phys. Chem. A 114 (2010) 4446.

[14] ]J.F. Liebman, L.C. Allen, ]J. Am. Chem. Soc. 92 (1970) 3539.

[15] G. Frenking, W. Koch, C.A. Deakyne, J.F. Liebman, N. Bartlett, J. Am. Chem. Soc.
111 (1989) 31.

[16] L.C. Allen, J.E. Huheey, J. Inorg. Nucl. Chem. 42 (1980) 1523.

[17] S.Borocci, N. Bronzolino, M. Giordani, F. Grandinetti, J. Phys. Chem.A 114 (2010)

7382.
[18] S.E. Novick, Bibliography of Rotational Spectra of
Weakly Bound Complexes, 2004, Available from:

<http://www.wesleyan.edu/chem/faculty/novick/vdw.html>.

[19] P.Ottaviani, S. Melandri, W. Caminati, D. Banser, M. Schnell, ].U. Grabow, Chem.
Phys. Chem. 5 (2004) 1772.

[20] B.M. Giuliano, P. Ottaviani, W. Caminati, M. Schnell, D. Banser, J.U. Grabow,
Chem. Phys. 312 (2005) 111.

[21] Z.Kisiel, P.W. Fowler, A.C. Legon, J. Chem. Phys. 95 (1991) 2283.

[22] J. Lundell, L. Khriachtchev, M. Pettersson, M. Rdsdnen, Low Temp. Phys. 26
(2000) 680.

[23] L. Khriachtchev, M. Rasdnen, R.B. Gerber, Acc. Chem. Res. 42 (2009) 18.

[24] L. Khriachtchev, M. Pettersson, N. Runenberg, J. Lundell, M. Rdsdnen, Nature
406 (2000) 874.

[25] A.Papakondylis, I.S.K. Kerkines, A. Mavridis, ]. Phys. Chem. A 108 (2004) 11127.

[26] M. Pettersson, L. Khriachtchev, A. Lignell, M. Rasdnen, Z. Bihary, R.B. Gerber, ].
Chem. Phys. 116 (2002) 2508.

[27] C.AT. Thompson, L. Andrews, J. Am. Chem. Soc. 116 (1994) 423.

[28] A.Veldkamp, G. Frenking, Chem. Phys. Lett. 226 (1994) 11.

[29] M.W. Wong, ]. Am. Chem. Soc. 122 (2000) 6289.

[30] A. Sethi, B.M. Deb, Ind. J. Chem. 46A (2007) 1565.

[31] J. Roithov4, Z. Herman, D. Schréder, H. Schwarz, Chem. Eur. J. 12 (2006) 2465.

[32] J. Roithovs, J. Zabka, Z. Herman, R. Thissen, D. Schréder, H. Schwarz, J. Chem.
Phys. A 110 (2006) 6447.

[33] D. Ascenzi, P. Tosi, ]J. Roithova, C.L. Ricketts, D. Schréoder, J.F. Lockyear, M.A.
Parkes, S.D. Price, Phys. Chem. Chem. Phys. 10 (2008) 7121.

[34] D. Ascenzi, P. Tosi, J. Roithov4, D. Schréder, Chem. Commun. (2008) 4055.

[35] E.L. Zins, P. Milko, D. Schréder, J. Aysina, D. Ascenzi, J. Zabka, C. Alcaraz, S.D.
Price, J. Roithova, submitted for publication.

[36] K.O. Christe, Angew. Chem. Int. Ed. 40 (2001) 1419.

[37] W. Grochala, Chem. Soc. Rev. 36 (2007) 1632.

[38] For rare gas-noble metal compounds, see: H. Fang, X.G. Zhang, Theor. Chem.
Acc. 123 (2009) 443.

[39] For van der Waals complexes of rare gases with halogens, see: T. Gonzalez-
Lezana, M.I. Hernandez, G. Delgado-Barrio, P. Villarreal, J. Mol. Struct.
(Theochem) 433 (1998) 107.

[40] ]. Roithova, D. Schroder, Angew. Chem. Int. Ed. 48 (2009) 8788.

[41] See also: P. Antoniotti, E. Bottizzo, L. Operti, R. Rabezzana, S. Borocci, F.
Grandinetti, J. Chem. Phys. Lett. 1 (2010) 2006.

[42] ].F.Lockyear, K. Douglas, S.D. Price, M. Karwowska, K. Fijatkowski, W. Grochala,
M. Remes, J. Roithova, D. Schroder, J. Phys. Chem. Lett. 1 (2010) 358.

[43] E.L.Zins, D. Schréder, J. Phys. Chem. A 114 (2010) 5989.

[44] C.L. Ricketts, D. Schroder, C. Alcaraz, J. Roithovd, Chem. Eur. J. 14 (2008) 4779.

[45] J. Roithov4, C.L. Ricketts, D. Schréder, Int. J. Mass Spectrom. 280 (2009) 32.

[46] See also: J. Roithova, C.L. Ricketts, D. Schrader, Collect. Czech. Chem. Commun.
73(2008) 811.

[47] J. Roithova, D. Schréder, Phys. Chem. Chem. Phys. 9 (2007) 731.

[48] ]J.Roithova, D. Schréder, J. MiSek, I.G. Star4, L. Stary, ]. Mass Spectrom. 42 (2007)
1233.

[49] J. Roithovd, D. Schréder, Phys. Chem. Chem. Phys. 9 (2007) 2341.

[50] P.B. Armentrout, in: P.B. Armentrout (Ed.), Encyclopedia of Mass Spectrometry,
vol. 1, Elsevier, Amsterdam, 2003, p. 451.

[51] B. Jagoda-Cwiklik, P. Jungwirth, L. RuliSek, P. Milko, ]. Roithova, J. Lemaire, P.
Maitre, J.M. Ortega, D. Schroder, ChemPhysChem 8 (2007) 1629.

[52] E. Martinez-Nufiez, C.L. Whalley, D. Shalashilin, ].M.C. Plane, ]. Phys. Chem. A
114 (2010) 6472.

[53] D. Schroder, H. Schwarz, S. Schenk, E. Anders, Angew. Chem. Int. Ed. 42 (2003)
5087.

[54] S. Feyel, D. Schroder, H. Schwarz, J. Phys. Chem. A 110 (2006) 2647.

[55] D. Schréder, M. Engeser, H. Schwarz, E.C.E. Rosenthal, J. Débler, ]. Sauer, Inorg.
Chem. 45 (2006) 6235.

[56] D. Schroder, J. Roithova, H. Schwarz, Int. J. Mass Spectrom. 254 (2006) 197.

[57] R.C. Dunbar, G.T. Uechi, B. Asamoto, J. Am. Chem. Soc. 116 (1994) 2466.

[58] A. Gapeev, R.C. Dunbar, J. Phys. Chem. A 104 (2000) 4084.

[59] P. Milko, D. Schroder, K. Lemr, J. Zabka, C. Alcaraz, ]. Roithova, Collect. Czech.
Chem. Commun. 74 (2009) 101.

[60] D. Bellert, W.H. Breckenridge, Chem. Rev. 102 (2002) 1595.

[61] P.Milko, D. Schréder, H. Schwarz, J. Roithova, Int. J. Mass Spectrom. 277 (2008)
107.

[62] P.Milko, J. Roithova, D. Schréder, H. Schwarz, Int. ]. Mass Spectrom. 267 (2007)
139.

[63] D. Ascenzi, ]. Roithov4, D. Schroder, E.-L. Zins, C. Alcaraz, J. Phys. Chem. A 113
(2009) 11204.


http://www.wesleyan.edu/chem/faculty/novick/vdw.html

	Influence of the structure of medium-sized aromatic precursors on the reactivity of their dications towards rare gases
	Introduction
	Experimental details
	Results and discussion
	Reactions of xenon with dications generated from 2,4,6-trimethylpyridine
	Reactions of krypton with dications generated from 2,4,6-trimethylpyridine
	Reactions of xenon with medium sized N-containing dications
	Reactions of rare gases with pure hydrocarbon dications CnHm2+
	Influence of the structure of the neutral precursors on the reactivity of dications towards rare gases

	Conclusions
	Acknowledgements
	References


