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The reactions of He+', Ne+*, and Ar+' with naphthalene have been studied with a selected-ion flow tube at  
294 K and 0.35 Torr. The major product in the reaction of He+' occurs at m/z 64, which is attributed to 
CloHs2+. The occurrence of this reaction is in agreement with the appearance potential for formation of 
CloHs2+ from naphthalene. The efficiency of this apparent "charge-tranfer electron-detachment" process for 
He+' + CloHs, and its recently reported Occurrence for He+* + c 6 0  and Ne+' + C ~ O ,  indicates that this novel 
thermal-energy process can compete effectively with dissociative charge-transfer channels, even when the latter 
channels are considerably more exothermic. We argue here that fragmentation of the target neutral is impeded 
by the robust nature of its cyclic structure and that this favors the loss of a second electron to form the observed 
dication. The observation of formation of CloHs*+ from He+* reacting with naphthalene at  thermal energies 
has implications for the formation of PAH dications in interstellar clouds and circumstellar envelopes. 

Introduction 
Charge transfer is one of the most commonly observed processes 

in gas-phase ion-molecule chemistry. For thermalized reactants, 
one electron is transferred from the neutral to the reactant ion. 
The process of "double charge transfer" (DCT),' which has been 
used to investigate the second ionization potential of benzene2 
and other neutrals, involves collision between a kinetically excited 
ion and a neutral as indicated in reaction 1. The dication is 

x+ + Y -+Y2+ +x- (1) 

produced in the charge inversion of X+ to X-. Studies of DCT 
have generally used H+, OH+, and F+ projectile ions because of 
the high ionization potential and/or electron affinity of H', OH', 
and F'. Production of the dication Yz+ is almost always 
endothermic and must be driven by the translational energy of 
the projectile. 

A similar technique, with which the endothermicity of dication 
production is overcome by the translational energy of a projectile 
ion, is 'charge  tripping".^ In this technique, the projectile ion 
is further ionized by collision with a neutral as shown in reaction 
2. The second ionization potential of X can be determined by 
this process, by measuring the loss in kinetic energy of the 
projectile. 

X+ + Y+ x2+ + Y + e (2) 

Dications can also be formed by electron-impact ionization 
and by photoionization. A recent review4 has summarized 
techniques for generating and studying organic dications in the 
gas phase. An important subset of organic dications, those formed 
from aromatic compounds, is not covered by this re vie^,^ but 
dications of and larger aromatic compounds7-15 have 
been extensively studied in mass-spectrometry experiments during 
the past 54 years. Of particular relevance to the present work 
are studies of the naphthalene dication generated by electron 
impact.7Jl.12 and threshold photoelectron-photoion coinci- 
dence.I6J7 The latter studies have indicated an enthalpy of 
formation for the d8-naphthalene dication of 532 f 12 kcal mol-', 
based on its appearance potential from CIOD~.  

The reaction of He+* with naphthalene is of interest for its 
consequences in the chemistry of dense interstellar clouds.I8 
Polycyclic aromatic hydrocarbons have been widely implicated 
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as being responsible for observed spectroscopic features of 
interstellar space.19-21 Omont22 has suggested that the reaction 
of He+* with polycyclic aromatic hydrocarbon molecules in such 
clouds may yield doubly-charged product ions owing to the 
exceptionally high recombination energy of He+'. Theoccurrence 
of such a process is of wider interest also, because of its novelty 
as a reaction type at thermal energies and because it allows the 
study of energy deposition leading to fragmentation at excess 
energies which are less than those accessible by other techniques 
more widely employed in the mass-spectrometric study of 
dications. Other examples of dication production from reactions 
of monocations with neutral molecules have been reported 
previously, but these processes have involved reactant ions 
possessing greater than thermal en erg^.^^,^^ Very recently, we 
have observed that the reactions of thermalized He+* and Ne+' 
with buckminsterfullerene, (260, produce C6o2+ in addition to 
C , ~ O + ' . ~ ~  Fullerenes are also believedZ1J6 to playa part within the 
models of interstellar and circumstellar chemistry. The impli- 
cations of fullerene dication formation for such models also have 
been discussed.27J8 

Experimental Section 
The results reported here were obtained using a selected-ion 

flow tube (SIFT) which has been described previously.29JO 
Measurements were performed at a temperature of 294 * 2 K 
and at a helium buffer gas pressure of 0.35 f 0.01 TOK. All 
reagent gases used were of research grade. He+', Ne+*, and Ar+* 
were formed by electron-impact ionization of the appropriate 
rare gas. CloH8 (obtained from Aldrich with a stated purity of 
99%) was introduced into the flow tube by passage of helium 
carrier gas through a glass tube wadded at the ends with glass 
wool and containing a powdered sample of naphthalene. The 
helium/naphthalene vapor introduced in this manner contained 
< 1% (relative to concentration) of any reactive contam- 
inants as judged by Ar+' chemical ionization. The same method 
was used to introduce a He/Cl& mixture into the ion source 
but with the glass tube heated so as to facilitate naphthalene 
vaporization. The flow of naphthalene into the flow tube was 
calculated from the measured flow of helium through the glass 
sample tube, using the assumption that the gas after passage 
through the powdered CloH8 was saturated with naphthalene 
(Pvap = 0.17 Torr at 294 K). Rate coefficients reported here 
have an estimated uncertainty of f40Z. Because of the 
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TABLE I: Ion-Molecule Reactions Involving Cl&?+ 
reactants products4 kobsb kLC 

He+ + CloHs m/z 64 
CloH6+' + H2 
CsH3+ + C4H5' 
C6H5+ + C4H3' 
C6H4+' + C4H4 
C4H3+ + C6H5' 
CgH5+ + C2H3' 
CloH7+ + H' 
C3H3+ + C7H5' 

C2H3+ + CgH5' 
C4H4+' + C6H4 
C7H5+ + C3H3' 

CioHs+' 

otherd 
C&+' + C4H4 Ne+ + CloHg 
C6H5+ + C4H3. 
CgH5+ + C2H3' 

C7H5+ + C3H3' 
CgH6" 4- C2H2 
Clo&+' + H2 
CloH7+ + H' 
C5H3+ + C5H5' 
C4H4+' + C6H4 

C3H3+ + C7H5' 

CioHs+' 

C6H6+' + C4H2 

othere 
Ar+' + CloHg CloHg+' 

CloH7+ + H' 
C&+' + C2H2 

m/z 64 + H2 none 
m/z 64 + Xe none 

[0.22] 4.0 4.8 
[0.15] 
[0.11] 
[0.09] 
[0.07] 
[0.06] 
[0.06] 
[0.06] 
[0.04] 
[0.03] 
[0.02] 
[0.02] 
[0.02] 
[0.05] 
[0.17] 2.1 2.3 
[0.17] 
[0.12] 
[0.08] 
[0.07] 
[0.06] 
[0.06] 
[0.06] 
[0.05] 
[0.04] 
[0.04] 
[0.03] 
[0.05] 
[OS21 1.35 1.7 
[0.46] 
[0.02] 

co.01 
<0.01 

Reaction products, excluding the rare-gas atom (He/Ne/Ar). 
Branching ratios are given in parentheses. Observed reaction rate 
coefficient in units of l k 9  cm3 molecule-' s-I, determined as described 
in the Experimental Section. Langevin collision rate coefficient, cal- 
culated according to the method of Gioumousis and S t e ~ e n s o n , ~ ~  in units 
of lW9 cm3 molecule-' SKI. Minor product channels ( N 1% or less) were 
also noted due to C3H2+', C4H2+', C5H3+, C&+', C7H3+, and CgH6+*. 
e Minor product channels (- 1% or less) were also noted due to C4H3+, 
C&+', C&+, and m/z  64. 

multiplicity of products observed for the reactions of He+' and 
Ne+' with CI0H8, product ratios reported for these reactions have 
an estimated absolute uncertainty of i0.05 (e.g., 0.12 i 0.05) 
for those channels accounting for >lo% of the total products; 
channels accounting for S10% of total products have a relative 
uncertaintyof *SO% (e.g., 0.04 i 0.02) ascribed to them. Product 
channels accounting for less than 2% of total products have been 
reported here but may correspond to products of reactions 
involving contaminants. 

Results 

The results obtained are detailed in Table I. Rate coefficients 
for all reactions involving neutral C l & ,  were obtained from the 
data for low flows (C2.0 X 10l6 molecules s-I) of naphthalene, 
since these data consistently reflected a good degree of linearity 
and gave values very close to the collisional rate coefficients. At 
higher flows of heliumlnaphthalene vapor, the reactant ion signal 
was always observed to decay at a substantially slower rate: we 
attribute this "tailing" effect to unsaturation of the helium carrier 
gas with naphthaleneat high gasflows, consistent with the shorter 
"residence time" of helium within the naphthalene column at 
these high flows. 

In the reaction of He+* with CloHg, the dominant product was 
observed to occur at m / z  64, corresponding to an empirical formula 
of C5H4+. We ascribe this product signal to C1oHB2+ rather than 
to CsH4+': a peak at m/z 64.5, with an abundance of approx- 
imately 10% of that observed at m/z 64, was also detected and 
is ascribed to 13C12CsH82+. The observed abundance ratio for 
these two peaks is consistent with that expected for CloHg2+ on 
the basisof the natural 13C:12C abundanceratio. Therefore, while 

TABLE Ik Enthalpy of Reaction for Processes of the Type 
X+* + Cl& - Products, for X = He, Ne, and Ar, in Order 
of Decreasing Exothermicity 

CioHs+' -379.2 
CloH7+ + H' -35 1.1f 
CioH6" + H2 -273.9 
CsH.5" + C2H2 -272.1 
C&+' + C4H2 -264.5 
C4H2" + C6H6 -243.2 
C7H5+ + C3H3' -2 3 9.9g 
C4H3+ + C6H5' -230.9 
CgH7+ + C2H' -229.3 
C6H4" + C4H4 -216.6 
C7H.5" + C3H2 -213.9' 
C2Hz+' + CsH6 -212.3 
CsHs+ + C4H3' -209.U 
C4H4" + C6H4 -198.8 
C3H2+' + C7H6 -194.0k 
C5H4+' + C5H4 -186.3 
C3H+ + C7H7. -173.4 
C+' + C9Hg -132.9 
CloHg2+ + e -71.1 f 12' 
C6H5+ + C4H3+ + e -39.6 

CsH62+ + C2H2 + e 
C7H5+ + C3H3+ + e -34.9g 

-25.0 f 12m 

-309.6 
-28 1.4 
-204.2 
-202.4 
-194.8 
-173.5 
-170.2 
-160.9 
-1 59.7 
-147.0 
-144.3 
-142.7 
-139.9 
-129.1 
-124.2 
-1 16.6 
-103.7 

-63.3 

+30.1 
+34.8 
+44.7 

-1.5 f 12 

-175.7 yes 
-147.6 yes 

-70.4 He,Ne 
-68.6 yes 
-61.0 He,Ne 
-39.7 He 
-36.4 He, Ne 
-27.0 He, Ne 
-25.8 no 
-13.1 He,Ne 
-10.4 no 
-8.87 no 
-6.1 He, Ne 
+4.5 He, Ne 
+9.6 He 

+17.2 Ne 
+30.1 no 
+70.6 no 

+132.4 He 
+163.9 He? 
+168.6 He? 
+178.5 He? 

Products, excluding X. Enthalpy of reaction, in kcal mol-', for X 
= He. Unless otherwise noted, AHo is calculated for the lowest-energy 
isomer of the indicated species from ref 32. Enthalpy of reaction for X 
= Ne. Enthalpyof reaction for X = Ar. e Indicates whether thischannel 
was detected for the reaction X+ + CloHg.fCalculated using 
AHor(products) = 10.92 eV.I6 Calculated using AH0r(C7H5+) = 31 1 
kcal m01-I.~~ Calculated using PA(C4H2) = 177 f 1.5 kcal 
I Calculated using Wr(c-C3H2) = 114 f 4 kcal m01-I.~~ J Calculated 
using AHOr(C4H3') = 124 kcal Calculated using W d c -  
C3H2+') = 325 f 4 kcal mol-'.35 Calculated using AP(CloHg2+) = 21.5 
f 0.5 eV.16 Calculated using A P ( C E H ~ ~ +  + C2H2) = 23.5 0.5 eV.16 

we cannot exclude the possibility that some CsH4+* is present also 
as a product of the reaction of He+' + CloH8, the observed I(m/z 
64):I(m/z 64.5) abundance ratio suggests strongly that the 
proportion of CsH4+' to C10H82+ in the observed m/z 64 product 
signal is very small. Fragmentation to produce CsH4+* + C5H4 
(while still substantially more exothermic than production of 
CloHsZ+) is a much less exothermic channel than competing, and 
intuitively more attractive, fragmentation processes such as 
C8H6+* + C2Hz and C&+' + C4H4 (see Table 11). Not only 
does production of C5H4+' require the successive or concerted 
scission of three C-C bonds of the naphthalene structure, rather 
than cleavage of only two C-C bonds for almost any other 
conceivable fragmentation process, there is also no thermochem- 
ical advantage (Le., exothermicity payoff) or high density of states 
to favor C5H4+* formation over other fragmentation processes. 

It is of interest to note that the observed efficiency of dication 
production from He+* + CloH8 is higher than the efficiency of 
any C,H,+ + Cl~,H8-,,, dissociative charge-transfer product 
channels, despite the much larger exothermicities for these latter 
product channels. This is presumably a consequence of a higher 
density of states for dication production than for any dissociative 
charge-transfer channel at the resonant energy of the reaction. 
In any event, since dication formation involves ejection of an 
electron rather than a much heavier atomicor molecular fragment 
(which often also requires cleavage of several distinct bonds), 
production of CloH8'+ may well be the most efficient method of 
excess energy disposal available to the initial reaction product. 

Figure 1 compares the types of product channels seen for the 
reactions of Si+', D+, Ar+', Ne+*, and He+' with CloH8. A clear 
trend toward greater fragmentation with increasing exothermicity 
of charge transfer is evident. The reactions of Si+* and D+ have 
been investigated ~ e p a r a t e l y . ~ ~ J ~  Here we shall compare the 
reactions of He+*, Ne+', and Ar+' with CloH8. Charge transfer 
from Ar+' is exothermic by 176 kcal mol-l and results in negligible 
fragmentation of the carbon skeleton. (Apart from the channels 
recorded in Table I, a very small signal at m / z  78 (C,&+*) was 
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ions) than from Ne+* (52%), since fragmentation of a closed- 
shell dication to produce two closed-shell monocations generally 
should require less energy than fragmentation to produce two 
open-shell dications (such as C6H4+* + C4H4+*). This should be 
identifiable by the “pairing” of product ratios for such charge 
separation product channels; the agreement between He+* product 
ratios for C ~ H ~ + / C ~ H S +  (0.04:0.02), C4H3+/CtjH5+ (0.06:0.09), 
C2H3+/C&+ (0.02:0.06), and C4H5+/C&+ (<0.01:0.11) is 
sometimes suggestive but not particularly convincing. Charge 
separation reactions may “boost” some of these observed product 
channels but do not appear to account for them entirely. 

In an effort to investigate the reaction chemistry of CloHg2+, 
we performed some studies of the subsequent reactivity of m/z  

Figure 1. Bar graph showing product channels and distributions observed 64 with reagent gases. since 64 was to further 
with CloH8 (producing, we propose, either CloH,+ + CIOH~+ or for reactions of atomic cations with naphthalene, CloH8, as a function 

of the exothermicity of charge transfer. CloH8+* + CloH8+* by proton transfer or charge transfer: the 

Excess Inergy / eV 
I I I I Y )  - It(C,OIl”)) 

also detected, but was not included in the formal product 
assessment because it accounted for much less than 1% of the 
observed products. This signal may also arise from contaminant 
benzene adsorbed upon the powdered naphthalene surface.) Loss 
of a hydrogen atom from the ionized naphthalene appears to be 
the most accessible dissociation channel: all other fragmentations 
require at least two bonds to be broken. Charge exchange from 
Ar+* to CloH8 has also been studied in a quadrupole ion trap: 
in the study of Brodbelt et al.,38 a much higher degree of 
fragmentation to m/z  102 and 78 was reported than we have 
noted here. This is likely to reflect a difference in physical 
conditions and suggests that considerable excess energy was 
available to the reactants in the ion trap. 

In the reaction with Ne+*, the exothermicity of charge transfer 
is substantially greater (310 kcal mol-’), and loss of H* from the 
charge-transfer product is still a significant channel; CIOH~+ 
formation (H2 loss) isalsonoted. Theapparent absenceofCloH6+* 
as a product from Ar+* may reflect the greater difficulty of 
breaking two C-H bonds prior to rearrangement and is consistent 
with the very low yield of the similarly exothermic C8H6+* + 
C2H2 channel from Ar+*. Fragmentation of the carbon skeleton 
dominates the Ne+* product distribution, principally leading to 
the c4, c6, and c8 ions which are thermochemically and/or 
kinetically favored. Some m / z  64 is observed, but this channel 
accounts for a mere 1% of the observed products and is 
considerably smaller than the neighboring signal at m / z  63. 
Production of the naphthalene dication from the reaction with 
Ne+* is calculated to be exothermic by 1.5 f 12 kcal mol-’. Given 
the small intensity of the m / z  64 signal in this instance and the 
probability that dication production is endothermic, we attribute 
m / z  64 in this instance to the C5H4+* ion; its low intensity is 
consistent with the difficulty, mentioned above, of rupturing three 
C-C bonds when rupture of two bonds allows access to more 
exothermic product channels. Thevery low intensity of the signal 
at m / z  64 in the reaction with Ne+* suggests that the contribution 
of C5H4+* to the m/z  64 signal in the reaction with He+* is likely 
to be similarly low. This strengthens our assertion that the 
predominant component of m / z  64 from He+* + CloH8 is the 
dication C10Hg2+. 

Most major products from dissociative charge transfer from 
Ne+* are also major products in the He+* reaction, although m/z  
78 and 102 are less abundant and m/z  5 1 is more abundant from 
He+* than from Ne+*. We do not discount the possibility that 
some of the m / z  51 observed from He+* is CsH62+, production 
of which is exothermic according to the observed appearance 
potential for this dication fragment from naphthalene, although 
we were not able to detect a signal at m / z  5 1.5 corresponding to 
the 13C isotopomer of this dication. Other changes in theemphasis 
of products are also discernible in the product ratios from He+* 
and Ne+*, which may reflect the possibility that some additional 
products result from dissociation of dications into two fragment 
ions. Charge separation (for example, formation of C6H5+ + 
C4H3+) in this manner would help to explain why closed-shell 
ions are more predominant from He+* (70% of the total product 

occurrence of other secondary reactions prevented a unique 
identification) and since in any case it was not possible to add 
sufficient naphthalene to the flow tube to eliminate more than 
90% of the reactant He+*, we restricted our initial studies to H2 
and to Xe since thesegasesdisplay very low reactivity with He+*.39 
Several exothermic channels are possible for reaction of C1oHg2+ 
with H2, and charge transfer to Xe is also exothermic for the 
dication. In practice, neither of these neutrals was observed to 
react with m / z  64. The failure of these neutrals to react with 
CloHs2+, despite the existence of exothermic product channels, 
is not unexpected: such a lack of reactivity is a comparatively 
common finding in gas-phase dication chemistry owing to the 
existence of reverse activation energy barriers associated with 
charge separating reactions, arising from the Coulombic repulsion 
of monocationic product ions at close initial  separation^.^.^' (This 
effect will also tend to disfavor theoccurrenceof chargeseparation 
product channels in the reaction of He+* + CloH8, discussed 
above.) 

Efforts were also,made to inject m/z  64 into the flow tube from 
the ion source, using He saturated with CloH8 as the source gas. 
Electron bombardment of CloH8 and, we propose, the reaction 
of He+* with CloH8 both produce CloHs2+. Injection of m/z  64 
was invariably accompanied by large contaminating signals at 
m/z  50,5 1,77,78, and 128: these signals may arise from breakup 
of CloHg2+ due to internal excitation, the kinetic energy imparted 
to the ions by the focusing electrostatic lenses in the ion source 
chamber,or by reaction of m/z  64 with impurities and naphthalene 
leaking from the ion source into the flow tube via the Venturi 
orifice. The ion at m / z  64 produced in this manner did not react 
with Hz, as was observed also for the m/z  64 product of the He+* 
+ CloH8 reaction and, additionally, was seen to charge transfer 
rapidly to C6H6 introduced into the tube, producing m/z  78. An 
ion with m/z  128 was also observed to increase as C6H6 was 
added, but this could arise through the reaction of contaminant 
C4H3+ with C6H6.42 Charge transfer from the lowest-energy 
isomer known of C5H4+* to C6H6 is endothermic, so this reaction 
represents a possible diagnostic to distinguish between C5H4+* 
and CIOH~’+. 

Discmion 
While only one previous observation of analogous thermal 

chargetransfer electron detachment processts has been 
it is interesting to note that the production of C ~ O H ~ ~ +  in the 
reaction of He+* with CloH8 was foreshadowed not only by the 
suggestion of Omont22 regarding the viability of such processes 
but also in the use of He I1 radiation, by Leach and ~o-workers ,~~J~ 
to doubly ionize gas-phase naphthalene. We have now observed 
charge-transfer electron detachment reactions in three systems 
(He+* + CloH8, He+* i- (260, and Ne+* + Cm): it thereforeappears 
likely that this reaction channel is, where exothermic, not 
uncommon in the reactions of rare-gas cations with large aromatic 
molecules (and conceivably also with other neutral reagents). 
Further studies of the reaction chemistry of PAHs are in progress 
to investigate this notion. 
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Omont has argued that the production of dications in the 
reactions of He+* with PAHs serves as a destruction mechanism 
for PAHs within the interstellar medium.22 While it is true that 
the majority of product channels in this reaction are fragmentation 
channels leading, therefore, to a net reduction in molecular 
complexity of the products, it is by no means clear that dication 
production equates with subsequent fragmentation. In the 
reactions of He+* and Ne+* with Cs0,Z5 dication formation occurs 
in the complete absence of fragmentation channels-a conse- 
quence of the unusually high cohesiveness of the fullerene carbon 
framework. Since planar PAHs inevitably have an 'edge" and 
a multiplicity of available fragmentation channels involving 
cleavage of only one or two C-H or C-C bonds, they are somewhat 
less robust than fullerenes: nevertheless, the observation of 
CloHs2+ as the largest observable product channel of the reaction 
of He+* with naphthalene suggests that dication formation can 
occur without subsequent fragmentation. It is possible that 
quenching collisions with the helium buffer gas serve to stabilize 
the dications produced: if this is so, however, the dication initially 
produced must have a lifetime at least comparable with the time 
between collisions (on the order of s) and more probably 
orders of magnitude in excess of this since He is a very poor 
quenching agent. This projected lifetime is several orders of 
magnitude higher than the likely vibrational frequency of any 
bonds within the excited dication, suggesting that, under conditions 
wherean external quenching agent is absent, radiativestabilization 
of this species may compete effectively with dissociation. 

The structure of the CIOHs2+ product discussed here is not 
known. However, the planar 10-membered-ring structure as- 
cribed to CloHS2+ by Leach et al.17 has several benefits over other 
possible cyclic structures. Not only are the carbons bearing the 
positive charges as far apart as is possible for a 10-membered- 
ring system, but the charges are localized in in-plane orbitals that 
are diametrically opposed and hence serve to further isolate and 
separate the two charges. Finally, the lox ring system is, 
according to the Hiickel rule, aromatic and hence additionally 
stabilized. It remains to be seen, via detailed ab initio calculations, 
whether this structure is lower in energy than linear structures 
which would not be aromatic but which would benefit from 
considerably greater charge separation. It is likely, however, 
that the internal energy required to promote rearrangement to 
a linear structure is substantially higher than that required for 
formation of a cyclic structure, by analogy with the energies 
proposed by Jochims et for the 'low-energy" (bicyclic) and 
"high-energy" (acyclic) intermediates involved in the photoion- 
ization and subsequent fragmentation of naphthalene and azulene. 
The production of CloHs2+ from He+* + CloHs is exothermic by 
71.1 kcal mol-', and this therefore represents an upper limit to 
theintemal energy whichcan be partitioned into c10HS2+ produced 
by this reaction. It is reasonable to expect that the extent of 
CloHs2+ rearrangement occurring in the present experiments is 
less than that occurring in the bulk of mass-spectrometric studies 
of PAH dication formation and fragmentation, since these 
studies5-15 use techniques (70-eV EI, etc.) which are likely to 
deposit substantially larger quantities of excess energy into the 
nascent dications. 

Conclusion 

The parent dication CloHs2+ is seen to be the most abundant 
product of the reaction of He+* with naphthalene. The production 
of this species is consistent with the expectation by Omont that 
such processes are viablezz and with the occurrence of similar 
processes in the reactions of He+* and Ne+* with C6~.25 As- 
signment of this product channel is complicated somewhat by the 
possibility of a signal due to C5H4+* at the same mass-to-charge 
ratio: however, the signal due to CsHd+* is a very minor product 
channel in the reaction of Ne+' with naphthalene (where dication 
production appears to be endothermic), and the observed 
abundance of the I3C isotopomer of C1oHg2+, at m / z  64.5, in the 

reaction with He+* is consistent with the expected abundance. 
We shall discuss more fully elsewherels the consequences of such 
dication formation with naphthalene, other PAHs, and fullerenes, 
for models of interstellar chemistry. 
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