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The interaction of multiply charged ions (He2+, O3+, and Xe20+) with gas-phase pericondensed polycyclic
aromatic hydrocarbon (PAH) molecules of coronene (C24H12) and pyrene (C16H10) is studied for low-velocity
collisions (v � 0.6 a.u.). The mass spectrometric analysis shows that singly and up to quadruply charged intact
molecules are important reaction products. The relative experimental yields are compared with the results of
a simple classical over-the-barrier model. For higher molecular charge states, the experimental yields decrease
much more strongly than the model predictions due to the instabilities of the multiply charged PAH molecules.
Even-odd oscillations with the number of carbon atoms, n, in the intensity distributions of the CnH+

x fragments
indicate a linear chain structure of the fragments similar to those observed for ion-C60 collisions. The latter
oscillations are known to be due to dissociation energy differences between even- and odd-n Cn-chain molecules.
For PAH molecules, the average numbers of H atoms attached to the CnHx chains are larger for even-n reflecting
acetylenic bond systems.
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I. INTRODUCTION

Polycyclic aromatic hydrocarbon molecules (PAHs) consist
of joined aromatic carbon rings. They are formed as by-
products in combustion processes and they are frequently
present in soot material [1]. Due to the toxicity of some PAH
molecules [2], their pollution is monitored [3]. Furthermore,
PAH molecules are of particular interest in the fields of
astrophysics and astrochemistry [4]. Many emission bands in
the interstellar mid-infrared spectra are assigned to aromatic
molecules, and therefore, PAH molecules are considered to
be a major component of matter present in the interstellar
medium. It is estimated that about 20% of the carbon in our
galaxy is present in the form of PAH molecules [5,6].

PAH molecules are large π -electron systems which are
strongly stabilized by the delocalization of the electrons. Two
families can be distinguished—catacondensed PAHs and peri-
condensed PAHs—differing in the arrangement of the aromatic
rings. In a pericondensed PAH, at least one carbon atom is a
member of three rings and the molecules are more compact.
As PAHs generally exhibit a planar geometry, pericondensed
ones can be considered small hydrogen-saturated fragments of
graphene.

Due to their astrophysical relevance, PAH molecules have
been widely studied in the laboratory. The emission and
absorption spectra of isolated molecules, in a matrix or
in the gas phase have been measured (see Ref. [7] for a
review). Photoionization [8] and photofragmentation of both
neutral [9] and cationic [10] species have been studied. The
irradiation of PAH molecules contained in condensed films
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has also been performed with photons [11] and with proton
beams [12]. However only recently, studies of the interaction
of ions with PAH molecules in the gas phase have been
made, concentrating on the ionization and fragmentation of
linearly catacondensed anthracene (C14H10) monomers [13]
and clusters [14]. Many of the experimental and theoretical
studies are dedicated to the coronene (C24H12) molecule,
which is formed by seven centrally condensed six-membered
carbon rings representing a D6h geometry. The smaller pyrene
(C16H10) molecule is formed by four six-membered carbon
rings. Coronene and pyrene are both pericondensed PAHs;
their molecular structures are shown in Fig. 1.

In the interstellar medium, PAH molecules are exposed to a
variety of ionizing processes. Many of these have been studied
in the laboratory for both neutral and ionic species. Ionization
potentials have been measured for coronene and pyrene by
photoionization [8,15] and electron-impact ionization [15–18].
Recently, Penning ionization electron spectra of pyrene and
coronene with metastable He atoms have been compared with
ultraviolet photoelectron spectra [19]. The exposure to ionizing
radiations can also lead to the fragmentation of the molecule,
thus, the photodissociation spectra of the neutral molecules [9]
and their cations [20,21] show the loss of hydrogen atoms and
small hydrocarbon molecules. Surface-induced dissociation of
pyrene has been measured at different energies [22] leading to
multiple fragmentation into CnH+

x series. The fragmentation of
coronene and pyrene by collision-induced dissociation (CID)
was widely studied for different energies [23–26]. Gas-phase
fast atom bombardment of the molecules were performed
with kilo–electron volt He and Ar [27,28]. Electron-impact
mass spectrometric studies of coronene and pyrene molecules
have been performed at different energies [16–18,29]. Two
studies, both combining experiment and theory, have permitted
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FIG. 1. Molecular structure of the coronene (C24H12) molecule
(left) and of the pyrene (C16H10) molecule (right).

investigation in detail of the vibrational excitation of pyrene
[30] and coronene [31]. The latter work also considers the low-
energy electron attachment complementing the measurements
presented in Ref. [32].

The aim of the present work is to extend the studies of
PAH molecules of coronene and pyrene and to focus on
collisions with slow multiply charged ions in different charge
states (He2+, O3+, and Xe20+). We discuss the present mass
spectrometric results for collisions of multiply charged ions
with coronene and pyrene molecules, with particular emphasis
on the formation of intact multiply charged molecular cations,
evaporation (i.e., emissions of neutral neutral particles) of
hydrogen and small hydrocarbon molecules, and fragmenta-
tion in CnHq+

x cations.

II. EXPERIMENTAL PROCEDURES

The experiment is performed in Caen at the low-energy
ion beam facility ARIBE of GANIL. The experimental
setup is described in detail elsewhere [33] and only a
brief description is given here. Multiply charged ions are
extracted from an electron cyclotron resonance ion source.
The ion beam is mass-selected, pulsed, and transported to
the experimental area. The ions collide with an effusive
molecular beam produced by evaporation of the sample
powder in an oven. Positively charged ionic products of the
interaction are orthogonally extracted into a modified linear
Wiley-McLaren time-of-flight mass spectrometer [34]. The
residual background pressure in the interaction zone is 1 ×
10−8 mbar, and during measurements a liquid nitrogen trap
is used to further improve vacuum conditions (typically 3 ×
10−9 mbar). We use commercial (Sigma Aldrich) coronene
(97% purity) and pyrene (99% purity) powders without further
purification. To obtain sufficient vapor densities the oven is
heated to 190◦C for coronene and to 60◦C for pyrene. The
mass-over-charge analyzed ionic products reach a Daly-type
detector composed of a high-voltage conversion plate and
a three-stage microchannel plate assembly for detecting the
emitted electrons. This detection system allows for a uniform
ion detection efficiency in the mass region of interest.

III. RESULTS AND DISCUSSION

A. Mass spectra

We have studied the interaction of O3+ and Xe20+ ions with
coronene and pyrene at a velocity of 0.3 a.u. (6.3 × 105 m/s).

For the coronene molecule, additional measurements were also
carried out with He2+ ions at a velocity of 0.55 a.u. (12.0 ×
105 m/s). In Figs. 2 and 3, we show typical ion mass spectra
obtained for the interaction of multiply charged ions with
coronene and pyrene molecules, respectively. To compare the
spectra, we normalize them to the maximum intensity of the
intact molecular cation. In all cases, the dominant peaks are due
to the formation of intact M+ and M2+ cations, but also higher
molecular charge states are visible. Furthermore, many small
singly charged hydrocarbon fragments, CnH+

x , with n ranging
up to n = 11, are created, as shown in the lower mass region in
Figs. 2 and 3 (right panels). With increasing charge state of the
projectile, the yields of the small fragments CH+

x and C2H+
x

increase strongly, indicating that they are due to charge-driven
fragmentation processes. In contrast, larger CnH+

x ions are
important for He2+ projectiles and are most likely related
to thermal fragmentation in processes where large amounts
of energy are transferred to the molecule. The spectra also
show doubly charged fragments CnH2+

x . Their intensities are
higher for collisions with projectiles in higher charge states
(Xe20+) as probabilities for multiple electron removal become
higher. In the case of pyrene, an intense narrow peak at the
position (m/z = 88 amu) is observed, which is identified as
being due to doubly charged ions C14H2+

8 . The origin of this
decay channel is discussed in detail in Sec. III D.

B. Multiply charged molecular cations

Peaks corresponding to the intact multiply charged molecu-
lar ions Mr+ have been integrated and normalized to the yields
of the corresponding singly charged molecules. The relative
intensities of the (multiply charged) cations (including the
H losses) are plotted in Fig. 4 as a function of their charge state
for collisions of Xe20+ ions with different targets. We include
the H-loss peaks in these yields, as these channels are strongly
dominated by evaporation of the (multiply) charged intact
molecule and are not due to fission processes emitting charged
fragments. This allows us to compare the experimental values
with the results obtained from the classical over-the-barrier
(COB) model [35] for point-like targets. The COB model gives
the sequences of critical distances for electron transfer of the
(r + 1)-th electron from the target molecules PAHr+ [35]:

Rr+1 = [2 (q − r)1/2 (r + 1)1/2 + (r + 1)]/Ir+1

where q is the projectile charge state and Ir+1 is the
ionization energy of PAHr+. Here, we used recent high-level
density functional theory calculations of the vertical ionization
energies, which follow linear dependencies as functions
of r , Ir+1 = 7.18 + 4.91r eV (anthracene), Ir+1 = 7.02 +
4.84r eV (pyrene), and Ir+1 = 6.70 + 4.05r eV (coronene)
[36]. This gives, for example, R1 = 37.7 a0 (anthracene), R1 =
38.6 a0 (pyrene), and R1 = 40.4 a0 (coronene), corresponding
to total cross sections for electron removal and fragmenta-
tion of σtot = πR2

1 ≈ 4.5 × 103 a2
0 (anthracene), σtot ≈ 4.7 ×

103 a2
0 (pyrene), and σtot ≈ 4.9 × 103 a2

0 (coronene). These
values may be compared with the geometrical dimensions
of the three molecules of roughly 180 a2

0 (anthracene),
220 a2

0 (pyrene), and 260 a2
0 (coronene). Thus, electron trans-

fers proceed at a large distance compared to the molecule size.
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FIG. 2. (Color online) Mass spectra of ionic products of the interaction of multiply charged ions with a molecule of coronene C24H12

(m = 300 amu). Right panels show zoom-ins on the low-mass region. Peaks marked with a star are due to residual gas and to powder
contaminations.

The COB model relative yields (σr+1/σ1) for electron
removal, shown in Fig. 4, were extracted from the differences
in the geometrical cross sections, σr+1 = π (R2

r+1 − R2
r+2).

The model results follow exponential decreasing trends as
functions of PAH charge state reflecting the slopes of the
ionization energy sequences, where the less steep trend belongs
to coronene, while anthracene and pyrene display similar and
much steeper behaviors.

The model and experimental results agree well for pro-
duction of up to triply charged coronene and doubly charged
pyrene and anthracene, while the measured intensities are
significantly lower than the model intensities for more highly
charged species, suggesting that then decay pathways other

than H losses become important processes. Thus, the larger
deviations with decreasing PAH size point at an increased
propensity for fragmentation, reflecting that the larger PAH
molecules may accommodate more charges and excitation
energy without fragmenting on the experimental time scales
(µs).

The present measurements yield r = 4 for pyrene and r = 4
or possibly r = 5 for coronene as the highest charge state
for nonfragmenting (metastable) molecular cations following
collisions with Xe20+. Recent high-level calculations show
that pyrene and coronene are thermodynamically unstable for
charge states exceeding 3 and 4, respectively [36]. However,
as in the case of C60 fullerenes [37–42], fission barriers

022704-3



A. ŁAWICKI et al. PHYSICAL REVIEW A 83, 022704 (2011)

0 40 80 120 160 200
0

2000

4000

6000

8000

10000

12000

0 20 40 60 80 100

0

500

1000

1500

2000

5000

6000

7000

0 40 80 120 160 200
0

2000

4000

6000

8000

10000

12000

0 20 40 60 80 100

0

500

1000

1500

2000

5000

6000

7000

C
16

H
10

3+

C
16

H
10

2+

C
16

H
10

+
O 3+ + C

 16
H

10

E
col

 = 37.2 keV

 

In
te

ns
ity

 (
ar

b.
 u

ni
ts

)

*

*

CH
 x

+

C
14

H
8

2+

C
7
H

x

+

C
6
H

x

+
C

5
H

x

+

C
4
H

x

+

C
3
H

x

+

C
2
H

x

+
CH

 x

+

C
16

H
10

3+

C
16

H
10

2+O 3+ + C
 16

H
10

E
col

 = 37.2 keV

C
16

H
10

4+

C
16

H
10

3+

C
16

H
10

2+

C
16

H
10

+
Xe 20+ + C

 16
H

10

E
col

 = 300 keV

 

 

In
te

ns
ity

 (
ar

b.
 u

ni
ts

)

m/q  (amu)

C
14

H
8

2+

C
7
H

x

+

C
6
H

x

+C
5
H

x

+
C

4
H

x

+C
3
H

x

+

C
2
H

x

+

C
16

H
10

4+

C
16

H
10

3+

C
16

H
10

2+

Xe 20+ + C
 16

H
10

E
col

 = 300 keV

 

m/q  (amu)

FIG. 3. (Color online) Mass spectra of ionic products of the interaction of multiply charged ions with a molecule of pyrene C16H10 (m =
202 amu). Right panels show zoom-ins on the low-mass region. Peaks marked with a star are due to residual gas and to powder contaminations.

should prevent even more highly charged species from prompt
decay. The present experiments show that C16H4+

10 may be
stable on the microsecond time scale, and at the position
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FIG. 4. (Color online) Experimental relative yields (filled sym-
bols) of molecular cations PAHr+ (including the intensities in the H-
loss channels) as functions of their charge state after Xe20+ collisions
with coronene C24H12, pyrene C16H10, and anthracene C14H10. The
corresponding COB model results (see text) are displayed by open
symbols.

expected for C24H5+
12 a small feature is present. The presently

observed critical PAH charge state and multiply charged
cations relative intensities are higher than those previously
observed for coronene and pyrene using other ionization
methods [18,28,43]. Recently, Yatsuhashi and Nakashima
observed a high relative yield of multiply charged PAHs (up
to 4+) using intense femtosecond-laser pulses [44], but these
studies did not include pyrene or coronene.

From the difference between the COB model ionization
yields and the measured yields of intact ions (now excluding
the intensities of the H-loss channels), we evaluate total
“fragmentation” yields for given molecular cation charge
states through (YCOB − Yexpt)/YCOB, where Yexpt is the mea-
sured yield and YCOB is the yield expected from the COB
model. This is thus an estimate of the instability of the
corresponding molecular cation for a given charge state after
the interaction with Xe20+. To discuss the effect of the
molecular geometry on the stability of the molecular cations,
we compare the fragmentation yield for collisions of Xe20+
on the catacondensed molecule of anthracene (C14H10) and
the pericondensed molecule of pyrene (C16H10). We consider
these two molecules, as their sizes are rather similar. In
Fig. 5, we plot semiempirical fragmentation yields showing
that the pericondensed pyrene molecule is more stable than
the catacondensed anthracene molecule for a given charge
state.

022704-4



MULTIPLE IONIZATION AND FRAGMENTATION OF . . . PHYSICAL REVIEW A 83, 022704 (2011)

1 2 3 4
0.0

0.2

0.4

0.6

0.8

1.0

F
ra

gm
en

ta
tio

n 
yi

el
d

r - PAH cation charge state

Xe
 20+

 collisions with:
 C

 14
H

10

 C
 16

H
10

FIG. 5. (Color online) Semiempirical fragmentation yields (see
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C. Hydrogen loss

In Fig. 6 we show zoom-ins on the regions of the singly and
doubly charged coronene molecules produced in collisions
with He2+ ions at 30 keV and Xe20+ ions at 300 keV. The
peaks are structured to the right due to the carbon isotopes
(12C and 13C) and to the left, depending on the individual
case, by the loss of hydrogen atoms. Concerning the loss
of hydrogen atoms, the four spectra clearly show that the
evaporation yield and the length of the observed evaporation
chain depend strongly on the charge state of the projectile.
This is due to the energy transfer during the collision, which is
lower for higher projectile charge states for a given ionization
process. For single ionization of the coronene molecule by
Xe20+ collisions, the energy transfer is very low, as the transfer
mostly occurs at very large internuclear distances (≈40 a.u.),
and no evaporation of H atoms is observed. This is different
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FIG. 7. (Color online) Relative yields for losses of one to six
hydrogen atoms from singly and doubly charged coronene produced
in collisions with three different projectiles.

when He2+ ions are used. The internal energy of the produced
molecular ion increases due to the smaller characteristic impact
parameter, and losses of from one to four H atoms are observed.
The number of lost H atoms as well as the relative intensities
increase when doubly charged molecules are produced. In the
case of He2+ projectiles, up to six H atoms are lost.

The relative yields for losses of one to six H atoms from
singly and doubly charged coronene produced in collisions
with He2+, O3+, and Xe20+ are displayed in Fig. 7. To
extract these values, we have taken into account the isotopic
distribution and a system of coupled population equations has
been solved assuming that the rates for the respective decay
processes do not depend on the isotopic composition of the
molecule. We note that there is an oscillating behavior favoring
the emission of even numbers of H atoms. Moreover, the
even-to-odd ratios (i.e., the ratios of the sums of the intensities
from emissions of even and odd numbers of H atoms) increases
with the final charge state of the molecular cation and with
increasing internal energy (decreasing projectile charge state).
For cations these even-to-odd ratios are 1.79 for He2+ and
1.09 for O3+, and for the dications they increase to 2.24 for
He2+, 1.66 for O3+, and 1.63 for Xe20+. Thus, emissions of
even numbers of H atoms are favored, in particular, when high
energies are transferred.
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The importance of C-H cleavage processes has been
discussed frequently in the literature [9,18,20,21,25,32,45].
It is clear that for a given internal energy of the system, the
C-H cleavage is favored with respect to C-C cleavage due to
the weaker bond strength in the former case. In particular,
the complete dehydrogenation of coronene may be reached by
photoionization without breaking any of the C-C bonds [20].
In most cases, it is found that the emission of an even number
of H atoms is favored. The question arises if this is due to the
emission of two separate H atoms or one H2 molecule. Jochims
et al. [9] showed, by threshold photoionization measurements,
that the emission of H2 molecules may dominate for higher
internal energies. Ab initio calculations of excited naphthalene
cations (C10H+

8 ) suggest that H2 emissions are initiated by
single or multiple hydrogen shifts to neighboring carbon
atoms where H2 molecules are formed, and that the branching
ratio for H2 loss increases when the internal energy of the
molecules increases [46]. Thus, as we find that the preference
for loss of even numbers of H atoms increases with increasing
energy transfers (lower projectile charge state and/or double
ionization of the PAH molecule), it appears that molecular
H2 loss is an important channel also under the present
experimental conditions.

D. Loss of neutral and charged CnHx molecules

In addition to the loss of H atoms, for some PAH molecules
the evaporation of larger neutral systems has been observed.
For example, in photodissociation and low-energy CID studies
of pyrene, the emission of acetylene molecules C2H2 was
reported [9,25]. Furthermore, for different small PAHs (up
to four fused rings), Kingston et al. [43] observed that
a charge separation occurs for doubly and triply charged
cations, leading to the formation of CH+

3 , C2H+
2 , and C3H+

3
ions and other charged products. In the case of pyrene an
additional decay pathway results in the loss of C4H+

2 . For
ions colliding with anthracene, losses of C2H2 and C4H2,
sometimes accompanied by additional H losses, have been
observed [13,14].

For multiply charged ions colliding with coronene, no
such channels have been identified. In the case of pyrene, we
assigned the peak at m/q = 88 to the loss of one acetylene unit
from the doubly charged molecular ion (see Fig. 3, lower part).
This channel seems to be present in the femtosecond-laser
ionization mass spectrum in Ref. [47]. We also observe that
the resulting [M-C2H2]2+ ion may dissociate further by H loss.
A part of the C14H2+

8 product could also be due to fission of the
M3+ molecule, as the C2H+

2 ion signal is rather high compared
to that of other C2H+

x ions. In the case of the collision of O3+
with pyrene, we observe weak signals at m/q = 176, 163,
and 152. These peaks correspond to the loss of C2H2, C3H3,
and C4H2, respectively. Again, fission processes involving
the doubly charged dication may contribute to the observed
intensity. In contrast with other ionization methods [9,25,29],
the CnHx losses here are minor decay channels, as interactions
with multiply charged ions are more gentle.

Recent calculations of the dissociation energies for losses
of H, H+, C2H2, and C2H+

2 for five PAH molecules in different
charge states [36] show that the channel linked to the emission
of neutral hydrogen is energetically favored with respect to

other dissociation channels for neutral, singly charged, and
doubly charged coronene and pyrene. For PAH charge states
exceeding r = 2, the lowest dissociation energies correspond
to fission processes (H+ or C2H+

2 loss). These theoretical
predictions are in agreement with the experimental results
already described.

E. Fragmentation into singly and doubly charged
CnHx molecules

Apart from losses of hydrogen and small CnHx molecules,
the fragmentation of coronene or pyrene results in a wide series
of CnHq+

x cations, which may be singly or doubly charged (see
Figs. 2 and 3). In the case of He2+ projectiles colliding with
coronene, the size distribution of the CnH+

x fragments extends
up to n = 15, whereas for O3+ and Xe20+ ions the distribution
ends at n = 12 and 11, respectively (see Fig. 8). The CnHq+

x

fragments may have two different origins. In the case of He2+,
the fragment distribution is governed by an appreciable energy
transfer occurring at small impact parameters, which finally
leads to the dissociation into large fragments. In the case of
higher projectile charges, the fragmentation is mainly due to
charge separation processes of multiply charged molecular
cations.
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FIG. 8. (Color online) Normalized yield of CnH+
x -fragments as a

function of n. Intensities have been integrated for different x values.
Upper panel, coronene; lower panel, pyrene.
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One striking feature of the fragmentation spectra is the
observed even-odd oscillations in intensity of the CnH+

x

fragments as a function of the number n of carbon atoms.
As shown in Fig. 8, fragments containing odd numbers
of carbon atoms are more frequent than even ones. Such
behavior is also observed in ion-anthracene collisions [13].
Similar observations of even-odd oscillations with the number
of carbon atoms have also been reported for ion-induced
fragmentation of fullerene molecules (see, e.g., Ref. [48]).

Small CnHx molecules, with x = 1,2, are believed to have
geometrical structures similar to pure carbon clusters Cn

[13,49]. In general, small and intermediate Cn clusters may
have a large variety of structures, including linear chains,
mono- and polycyclic rings, and even small fullerenes,
depending on their size (for a review see Ref. [50]). Carbon
clusters smaller than C10 are often linear, either with a cu-
mulenic bonding : C = C · · · C = C :, characterized by nearly
equivalent bond lengths, or with an acetylenic bonding ·C ≡
C − C · · · C − C ≡ C·, with alternating bond lengths [50].
Odd-numbered chains have a cumulenic bond system with
a 1�+

g electronic ground state, whereas even-numbered chains
may show both types of bonding corresponding to a 3�−

g

ground state. However, in particular for small chain lengths,
the acetylenic forms of even-numbered linear chains are ener-
getically higher than the cumulenic configurations. Properties
like electron attachment energies, ionization potentials, and
dissociation energies depend strongly on the number of carbon
atoms contained in the chain, that is, on the bond character,
and odd-numbered chains are in general more stable. The dis-
sociation energies for singly charged ions C+

3 , C+
5 , and C+

7 are
in the range between 6 and 6.5 eV, whereas for the even ones,
C+

2 , C+
4 , and C+

6 , the corresponding values are between 5 and
5.5 eV [50]. This difference readily explains the oscillations
shown in Fig. 8 and it is thus indeed likely that the small CnHx

fragments observed here are linear-chain molecules. This is
also the conclusion drawn by Postma et al. [13], who studied
ion collisions on anthracene.

In the cases of even-numbered CnH+
x fragments, the

average numbers of hydrogen attached are larger than for
odd-numbered fragments. This may be for two reasons. Charge
separation reactions of multiply charged PAH molecules lead
preferentially to the emission of C2H+

2 and C4H+
2 [43], thus

contributing to even-n CnH+
x products. In addition, as the odd-

numbered carbon chains have a cumulenic bond structure with
less reactive ends, similarly a lower degree of hydrogenation
is expected [13].

IV. SUMMARY AND CONCLUSIONS

We have studied kilo–electron volt collisions between
multiply charged ions (He2+, O3+, and Xe20+) and the PAH
molecules coronene and pyrene. In frontal and small impact
parameter collisions, large amounts of energy are transferred,
leading to multiple ionization and multifragmentation. This
gives singly and doubly charged, small CnHx fragments with

even-odd oscillations in the intensity distributions as functions
of n. This trend and the higher average hydrogenation for
even-n compared to odd-n fragments indicate linear-chain
structures with cumulenic (odd-n) and acetylenic (even-n)
bond systems.

In more distant collisions, singly and multiply charged
intact PAHr+ may be produced sufficiently cold to survive
experimental time scales of microseconds. The present experi-
mental stability limits correspond to r = 4 and r = 4 (or 5) for
pyrene and coronene, respectively. For low projectile charge
states, multiply charged PAHs may emit up to six H atoms.
The preference for loss of an even number of H atoms suggests
that molecular H2 emission is a competitive decay pathway
for higher internal PAH temperatures. In the pyrene case,
C2H2 emission from C16H2+

10 and/or C2H+
2 emission from

C16H3+
10 also compete with the H-loss channels. These results

are consistent with recent high-level calculations investigating
the stabilities and decay pathways of singly and multiply
charged cations of five PAH molecules including pyrene and
coronene [36].

The present experimental relative multiple ionization yields
(including the H-loss channels) follow decreasing trends as
functions of PAH charge states. For low charge states, these
results are in agreement with predictions based on a simple
COB model in which the geometrical structure of the molecule
as well as the capture of more thightly bound inner electrons
is ignored, while there are much steeper decreasing trends
in the experimental yield when the PAHs reach their ther-
modynamical stability limits, where fragmentation processes
other than H losses have to be taken into account. In the
case of anthracene and pyrene molecules, it is found that the
pericondensed form (pyrene) is more stable in kilo–electron
volt ion-PAH collisions. To shed further light on the intriguing
stability issues of (multiply) ionized PAHs, multicoincidence
experiments similar to the ones for ion-fullerene collision
[37,38,41,51] and high-level calculations of fission barriers
[42] are needed. Further model developments in which the
actual PAH molecular structures are taken into account would
be useful. Still the favorable comparisons between the simple
version of the over-the-barrier model, presently used, and the
measured relative single and multiple PAH ionization cross
sections indicates an easy way to estimate absolute electron
transfer cross sections and rate coefficients for PAH molecules
colliding with kilo–electron volt ions.
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