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Abstract

The chemistry of buckminsterfullerene cations with charge statesIof+2, and +3 has been investigated with two
nitrogen heterocycles, pyridine and pyrrole, in the gas phase at room temperature in helium buffer gas at 0.35 Torr using tf
selected ion flow tube (SIFT) technique. Adduct formation was observed with pyridine for all three charge stafgs of C
although electron transfer leading to charge separation was the predominant channefjuitih@ number of pyridine
molecules sequentially added was equal to the number of chargegdonEQuilibrium was achieved for the addition of
pyridine to G, and a bond dissociation enthalpy of 19.5 kcal molas deduced from the measured equilibrium constant. The
structures of the derivatizedsgcations was explored by multicollision-induced dissociation in mixed He/Ar collision gas. All
observed dissociations were heterolytic. With the multiply derivatizggt@tions evidence was obtained for both a kinetically
favored “ball-and-chain-like structure and a thermodynamically favored “spindle”-like structure. Experiments with doubly
derivatized G indicated the occurrence of a rapid conversion of the ball-and-chain to the spindlelike structure in a
bimolecular reaction with pyridine. Only charge-separation reactions driven by electron transfer were observed with pyrrole
The results for the two nitrogen heterocycles are compared with those obtained under similar operating conditions for ammoni
and several aliphatic amines. A correlation is presented between the observed reacti¢ffyasfdhe proton affinity of the
adduct molecule. (Int J Mass Spectrom 179/180 (1998) 267-275) © 1998 Elsevier Science B.V.
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1. Introduction nity to explore the chemistry of these cations as a
function of charge state. We have shown previously in
our laboratory that new chemical pathways often
become accessible in the gas phase at room temper-
ature (in a helium buffer at 0.35 Torr) to reactions of
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ical University of South Carolina, 171 Ashley Ave., Charleston, SC + ;
90425.9303, Ceo to react with only a few of the molecules that we

Dedicated to Fulvio Cacace for his outstanding contributions to have investigated and to do so primarily by addition,
gas-phase ion chemistry. rather than by the formation of bimolecular products

The remarkable stability and ready availability of
multiply charged fullerene cations afford an opportu-
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as was observed with iron pentacarbonyl [2]. In gas at 0.35+ 0.01 Torr and 294+ 3 K [4, 5]. The
contrast, G} is very reactive towards many mole- fullerene cations were produced in an ion source by
cules and exhibits a rich addition chemistry, although electron impact ionization of the vapour of a sample
electron transfer becomes an important competitive of fullerene powder £99.5+% Cg, SES Research
reaction channel. With &, also a very reactive Inc.): G at~50V, C3; at~80V, and G, at~100
cation, this competition often favours electron transfer V. The desired &, cation was selected with a qua-
or even dissociative electron transfer, but addition is drupole mass filter, injected into the flow tube con-
still observed. taining He and then allowed to thermalize by colli-
Here we report the influence of the charge state of sions with He 4 X 10° collisions) prior to entering
5o On the rate and mode of its reaction with pyridine the reaction region further downstream.
and pyrrole. We have chosen these nitrogen hetero- Pyridine and pyrrole were obtained from Aldrich
cycles as reagents because previously we have foundwith purities of 99+% and 98%, respectively. They
ammonia and aliphatic amines [3] to be the most were added into the flow tube as 3-5% mixtures in
reactive nucleophiles with§ (x = 1-3)among the helium. The collision-induced dissociation (CID)
various inorganic and organic molecules that we have spectra of the product ions were taken using 10%
surveyed, and especially so for= 1. With ammonia, argon in helium as the buffer/collision gas in the
the number of molecules that add to these fullerene manner reported by Baranov and Bohme [6]. Rate
cations appeared to be determined by the number of coefficients were measured with pure helium buffer
charges on the fullerene surface. In contrast, aliphatic gas in the usual manner [4, 5] and have an uncertainty
amines were observed to add tgz@nd Gg but not estimated to be less thah30%.
C3, which reacted exclusively by electron transfer
with all the amines investigated, in accordance to the
lower ionization energy of the amines. Spindle and 3. Results and discussion
starlike structures involving direct bonding to the
fullerene surface that minimize Coulombic repulsion 3.1. Reactions with pyridine
have been suggested for the preferred structures of the
doubly derivatized € and triply derivatized §; 3.1.1. Reactions initiated bysg
cations, although other isomers involving proton Kinetic results for the reactions of pyridine with
bonding, for example, are possible [3]. Proton bond- Cgo (n = 1-3) aresummarized in Table 1.
ing is not likely with pyridine so that the number of
possible isomers of the multiply derivatized multiply
charged fullerene cations is significantly reduced and The singly charged & undergoes an association
their structures become less ambiguous. As a conse-reaction with pyridine, reaction (1), to produce the
quence it should be more straightforward to test the single adduct g(CsHsN)™ with an effective bimo-
correlation between the number of charges and the lecular rate coefficient of 2.5 10 *°cm® mol *s*
number of molecules added in nucleophilic addition in what is presumably a termolecular association
reactions with ¢ cations. reaction. Electron transfer was not observed as a
competing channel because of the relatively high
ionization energy (IE) of pyridine, IE(pyridiney
2. Experimental 9.26 = 0.01 eV [7] compared to the recombination
energy RE(Gp) = 7.64 + 0.02 eV [8]. Fig. 1 shows
The ion/molecule reactions of the fullerene cations that reaction (1) achieves equilibrium under the oper-
se (x = 1, 2, 3) with pyridine and pyrrole were ating conditions of the SIFT experiment. The mea-
achieved within the reaction region of a selected ion sured equilibrium constant is (62 1.8) X 10’ and
flow tube (SIFT) mass spectrometer in helium carrier corresponds to a standard free-energy change of

Cso + CsHsN — Cgo(CsH5N) ™ (1)
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Table 1

Effective bimolecular rate coefficients (in units of 10cm®
mol~* s%) and product channels measured for reactionsgf C
cations with pyridine in helium buffer gas at 0.350.01 Torr
and 294+ 3 K using the SIFT technique

Reactant Product Branching

ion ion ratio k2 Kopd

Cs Ceo CsHsN) * 1 15 0.25

Ceo(CsHsN) ™ Not observed <0.0005

cz CeoCsHeN)2* 1 31 26
Cih + (CsHsNY™  <0.005

CoolCsHsN)?"  Cog(CsHsN)Z" 1 17

Coo(CsH5N)3™  Not observed <0.0005

cg Coo CsHsN) 3+ 0.3 46 4.6
C25 + (CsHeN)™ 0.7

CooCsHsN)>"  Coo CsHaN)3™ 1

CoolCsHsN)E"  CooCsHsN)F* 1

Cso(CsHgN)S™  Not observed <0.01

%, represents the collision-rate coefficient calculated according
to the method of T. Su and M.T. Bowers in Int. J. Mass Spectrom.
lon. Phys. 12 (1973) 347.

PThe absolute uncertainties of the observed bimolecular rate
coefficients are estimated to be30%. Relative accuracies are
better than+10%.

—10.6 = 0.2 kcal mol'l. The standard enthalpy
change becomes-19.5 kcal mol? if the standard
entropy change of reaction (1) is taken to b80 *

5 e.u. which is typical of ion-molecule association
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Fig. 1. Top left: Experimental data for the reaction of pyridine with
Cso- The solid lines represent a fit to the experimental data with the
solution of the system of differential equations appropriate for the
observed reversible reaction. Bottom left: lon-signal ratio plot
showing the approach to, and attainment of, equilibrium. Right:
Variations in the ion signals recorded as a function of nose-cone
voltage,U,,, for ions formed in the reaction ofgwith pyridine at

a flow of pyridine of 1.2x 10 mol s™*.
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Fig. 2. Correlation of apparent bimolecular rate coefficients for
nucleophilic addition to g, (measured at 0.35 Torr in helium
buffer gas) with the proton affinity of the nucleophile.

reactions involving the formation of only one new
bond [9]. This is a relatively low bond dissociation
enthalpy and may be a result of the strain introduced
as a consequence of the rehybridization of the bond-
ing C atom from nearly spto nearly sp that needs to
take place upon bonding.

Coo(CsHsN) ™ + HelAr — Cyh + CoHsN + HelAr
(2)

The CID spectrum of g(CsHsN) ™ in Fig. 1 shows
the occurrence of heterolytic dissociation of the ad-
duct Go(CsHsN) ™, reaction (2), to produce &5 ions
with a very low, albeit quite broad, dissociation
threshold U, = 2.5 = 1 V). This is consistent with
the low standard enthalpy of dissociation estimated on
the basis of the measured equilibrium constant [6].
It is noteworthy that pyridine adds more rapidly to
Ceo than do NH, (<1 x 10 *? cm® mol™* s %) and
CHsNH, (k = 1.5 X 10" ** cm® mol~* s %) but less
rapidly than do (CH),NH (k = 8.5 x 10 % cm?®
mol™* s7%) and (CH),N (k = 1.0 X 10 ° cn?®
mol~* s~1) under similar SIFT operating conditions.
Fig. 2 shows that the apparent bimolecular rate
coefficients for the association reactions qf @ith
these five nitrogen-containing molecules correlate
with the proton affinities of these molecules as might
be expected if the nucleophilic addition mimics pro-
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tonation. G, hardly resembles a proton in size and
composition, but both have a positive charge and it is
known that proton affinities correlate well with affin-
ities for carbon-containing cations such as the methyl
cation [we could not correlate with methyl-cation
affinities because we are not aware of the methyl-
cation affinities of (CH),N and pyridine] [10].

Our failure to observe the addition of another
pyridine molecule to g,(CsHsN) ™ is consistent with
our previous experience with aliphatic amines. We
have previously observed secondary reactions with
methyl-, ethyl-, and dimethylamine leading to the
formation of the adduct ions CH;NH,), ¥,
Cso(C,HNH,)5", and G [(CH3),NH],", respectively
[3]. But the secondary adduct with trimethylamine did
not form. So we have attributed the secondary reac-
tions with methyl-, ethyl-, and dimethylamine to
N-H-N proton-bond formation that is not possible
with trimethylamine. It is also unfavorable with pyri-
dine.

Also worthy of comment is a comparison of the
reactivity of Gy with pyridine with reported pyridine
reactivities with monocyclic { cations withn from
10-24 that have been surveyed with Fourier trans-
form ion cyclotron resonance (FTICR) measurements
[11, 12] and for an isomer of & for which coronene-
like skeleton has been proposed [12]. Interestingly,
the monocyclic ¢ (n = 12, 13, 14, 24) ions all
were observed to react with the additionnobre than
onepyridine and CID measurements indicated strong
“intermingling” (multiple bonding) with the first pyri-
dine molecule [12]. In sharp contrast, the coronene-
like isomer of G, was observed to add only one
pyridine molecule as would be expected of single
bonding of a localized cabenium ion with the electron
lone pair at the nitrogen atom of pyridine [12]. This is
also the situation observed in the present study with
C,, for which we have proposed the same chemical
interaction.

3.1.2. Reactions initiated by2g

The doubly charged & reacted with pyridine
sequentially to form the association adducts
Coo(CsHsN)? ™ and Go(CsHgN)3 ™ with effective bi-
molecular rate coefficients of 2.8 10 ° and 1.7x

J. Sun, D.K. Bohme/International Journal of Mass Spectrometry 179/180 (1998) 267-275

10° 2
Ceo(CsHsN), *

Coo(CHN
V4

101 _(E

10°

80

60

20 40

-U, /Volts

0 1 2 3 4 5 6 0
C,H,N Flow / 10" (molecule s'l)

Fig. 3. Left: Experimental data for the reaction of pyridine with
C25. The solid lines represent a fit to the experimental data with the
solution of the system of differential equations appropriate for the
observed reversible reaction. Right: Variations in the ion signals
recorded as a function of nose-cone voltddg, for ions formed in

the reaction of €& with pyridine at a flow of pyridine of 2.6« 10'¢

mol s * (top) and 9.6x 10" mol s * (bottom).

10 ° cm® mol~* s7%, respectively. The measured ion
profiles for this reaction sequence are shown in Fig. 3.
There was no evidence for the occurrence of a
competing charge-separation reaction due to electron
transfer in the first step of this sequene#).5%, even
though it is exothermic by 2.1 eV since IE(pyridine)
=9.26+ 0.01 eV [7] and &} [RE(C3}) = 11.36+
0.05 eV] [13]. We have shown elsewhere that this
result can be understood in terms of a kinetic barrier
that arises due to the Coulombic repulsion between
product ions [14]. Other investigations in our labora-
tory have shown that electron transfer competes with
direct attachment with neutral molecules having ion-
ization energies below 9.51 eV [13,14]. FTICR mea-
surements have indicated a threshold of 9.48 eV [15].
IE(pyridine) is below, but close to, these threshold
values. Competition between adduct formation and
electron transfer was clearly apparent in our earlier
studies of the reactions of3¢; with ammonia and the
aliphatic amines: no electron transfer was observed
with ammonia (IE= 10.070 = 0.020 eV), but an
increasing fraction of electron transfer (ET) was
observed with decreasing ionization energy for
CH;NH, (IE = 8.9 = 0.1 eV, 10% ET), GH:NH,

(IE = 8.86 = 0.02 eV, 30% ET), (CH,NH (IE =
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Scheme 1.

8.24= 0.08 eV, 90% ET), and (ChN (IE = 7.85+ although bonding to the pyridine already attached to
0.05 eV, 100% ET) [7]. These results are consistent the ring will lead to a “ball-and-chain” structure. The
with the absence of electron transfer with pyridine CID spectra in Fig. 3 provide insight into the forma-
(IE = 9.26 eV). Addition of a second molecule to the tion of these two isomers. However, we should note
singly derivatized &} was observed to compete with here that only one of eight possible stereoisomeric
proton transfer, the latter predominating in a ratio of bis-adducts is indicated in Scheme 1; the trans-1
9:1 with ammonia and-10:1 with methyl, ethyl, and  isomer drawn should be the preferred bis-adduct due
dimethylamine [3]. to charge repulsion.

Proposed mechanisms for the two sequential reac- The CID spectra of the product ions
tions of & with pyridine are shown in Scheme 1. Ceo(CsHsN)a™ (n = 1-2) show that the primary
The first adduct G(CsHsN)?* is assumed to be adduct ion Gy(CsHsN)?" formed in the reaction of
formed by nucleophilic attack of the free electron pair Céo with pyridine dissociates heterolytically accord-
of the nitrogen atom. The second nucleophilic attack N9 O reaction (3) at a relatively high onset voltage of
can lead to the formation of two isomers: direct 2/ = °V
bonding to the fullerene surface at the second ChargeC60(C5H5N)2+ + HelAr — C25 + CgHeN + HelAr
site will lead to a spindlelike bis-adduct structure 3)
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The secondary adduct iong,§ICsHsN)3" appear to
dissociate heterolytically to produdsoth C3; and

Coo(CsHsN)3™ + HelAr — C2J + (2CgHgN) + HelAr

— Cgo(CsHsN)?* + CgHsN + HelAr

J. Sun, D.K. Bohme/International Journal of Mass Spectrometry 179/180 (1998) 267-275

Cso(CsHsN)?™ ions according to reactions (4a) and
(4b)

(4a)

(4b)

We did not observe the growth of gsignal with
increasingU,. due to homolytic dissociation. The
formation of G attributed to the dissociation of
Cso(CsHsN)3 ™ has a very low onset voltage close to 0
V and we attribute this early appearance ciC
together with what is presumably a pair of pyridine
molecules, to the dissociation of a “ball-and-chain”
structure for G(CsH5N)3*. Also, we propose that the
observed formation of &(C;HsN)?* from the disso-
ciation of Gy,(CsHsN)3* can be attributed to a “spin-
dle™like structure for Gy(CsHsN)3 .

molecules leads predominantly to the ball-and-chain
structure (path a in Scheme 1), viz. is kinetically
favored. The latter result is expected if one of the two
charges on the singly derivatizeg{Cis localized on
the end of the pyridine substituent and more so than
the second charge which resides on thg surface.
Coulombic repulsion between the two charges will
favor the resonance form in which the charge is
localized on the end of the pyridine substituent.
Charge localization on the end pyridine due to Cou-
lombic repulsion between the two charges is expected

The CID spectra in Fig. 3 show a strong depen- to be diminished in the doubly derivatized adduct

dence on the flow of pyridine established upstream of because of the greater distance between the two
the CID region and can be rationalized in terms of a charges. Therefore, attack by the third pyridine mol-

change in the relative proportion of the “spindle” and ecule may occur preferentially at the charge on the
“pall-and-chain” structures as measured by the rela- fullerene surface and so lead to the isomerization

tive magnitude of that portion of gGCsHgN)>"
produced beyond 5% 5 V and that portion of €
produced at low CID voltages. The ratio of the
“spindle” to the “ball-and-chain” structure at the
lower flow of pyridine (2.6 10*® mol s %) is then

reaction (5).

Finally, the early “gradual” onset of the dissocia-
tion of C5o(CsHsN)3 ™ and the early “gradual” appear-
ance of Go(CsHsN)?* in the CID spectra in Fig. 3
(top and bottom), particularly evident at the higher

approximately 1:2 (see Fig. 2, top right) and increases pyridine flow (see Fig. 3, bottom) may be attributed to

to 3:1 at the higher flow (9.& 10™® mol s, see Fig.
2, bottom right). We attribute this change in the
relative proportion of the “spindle” and “ball-and-

an enhancement in the rate of that portion of the
isomerization reaction (5) occurring in the CID region

that could leave the “spindle” isomer sufficiently

chain” structures to the occurrence of the isomeriza- €xcited to dissociate. But this interpretation must be

tion of the “ball-and-chain” structure to the “spindle”
structure by reaction with pyridine as shown in

considered to be tentative. We have assumed here that

the flows of pyridine are sufficiently small so as not to

reaction (5) (see Scheme 1). This implies a higher significantly influence the energy deposition in the

stability for the “spindle” structure.

CID experiments.

CsHN—CHN-CZ} + CsH-N
5) 3.1.3. Reactions initiated by

Fig. 4 shows that the triply charged3¢ initiates
The pyridine flow dependence of the relative propor- the sequential formation of the three adducts
tion of the two isomers suggests that the isomerization Cg(CsHsN)®", Ceo(CsHsN)S ", and Gy(CsHeN)S "
reaction (5) is quite rapidk > 5 X 10" **cm®* mol ™! with pyridine. Formation of the fourth adduct was not
s, and that the sequential addition of two pyridine observed. The primary reaction, reaction (6), is rapid,

— CgHN—C33—NCHg + CiH:N
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Fig. 4. Experimental data for the reaction of pyridine wit§CThe
solid lines represent a fit to the experimental data with the solution
of the system of differential equations appropriate for the observed
reversible reaction.

k=4.6x 10 °cn® mol* s * and is dominated by
electron transfer (70%).

C3y + CgHoN — CZf + CoH N (6a)

— Cgo(CsH SN).3+ (6b)

The kinetic curves for these reactions are shown in
Fig. 4. Note from Table 1 that reaction (6) is collision
controlled. The occurrence of competing electron
transfer is consistent with our previous experience
with other reactions of &' . IE(pyridine) is well
below the upper limit in the ionization energy of
11.02 eV observed for the occurrence of efficient
electron transferto & [RE(Cs3") = 15.6+ 0.5eV
[16] or 16.6 = 1 eV [17]] [13, 16]. The observed
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Fig. 5. Variations in the ion signals recorded as a function of
nose-cone voltagé/ ., for ions formed in the reaction ofg with
pyridine at a flow of pyridine of 6.2< 10*® mol s™*. The CID
profiles for the triply charged & (CsHsN)2* ions are shown
separately for clarity.

formation of G(CHgN)>* (n = 0-2) byloss of
(nCgH5N) units according to channels (7a)—(7c).
Channel (7a), loss of pyridine, predominates by at
least 4:1

Coo(CsH5N)S ™ + HelAr

— Cgo(CsHsN)S™ + CHN + Hel/Ar  (7a)

— Cgo(CsHsN) 3" + (2CsHsN) + HelAr
(70)

— CZF + (3CHsN) + HelAr (7c)

Channels (7b) and (7c) may be accompanied by
formation of dimers and trimers of pyridine, respec-
tively. Also, there is evidence for the dissociation of
Coo(CsHsN)S ' to Cyo(CsHN)3" and G, and of

Coo(CsH5N)3* to C2F. The ultimate dissociation

electron transfer channel (6a) therefore surmounts theproduct, G, disappears at the higher nose-cone

kinetic barrier introduced by the Coulombic repulsion
between the product ions [18].

The CID spectra of the product ions
Coo(CsHsN)2* (n = 1-3) areshown in Fig. 5 (left).
For clarity, the signal decays for the ions
Coo(CsH5N)2* (n = 0-3) areshown separately in
Fig. 5 (right). The decay of the gg(C-HN)Z" ions
shows two different dissociation onsets at 122
and 58+ 2 V. A signal balance analysis shows that
approximately 50% of the dissociation of the
Coo(CsH5N)Z* ions is heterolytic leading to the

voltages, presumably due to the occurrence of elec-
tron transfer, and this may also be happening for a
fraction of the singly and doubly derivatized3f
cations. We attribute all of these dissociations to the
formation of several isomers ofC-H-N)3 ™ in the
sequential addition of three molecules of pyridine to
CZ" prior to the CID region. The three isomewich

are proposed for the adduct iong(CHsN)S+ are
illustrated in Scheme 2. They allow a qualitative expla-
nation of the CID spectra observed for the
Ceo(CsHeN)3* ions in terms of the elimination of one,
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Scheme 2.

two, or three units of pyridine but branching ratios for
the various possible decompositions could not be re-
solved.

Finally, it should be noted that the decay of the
Cso(CsHsN)2™ ion in the CID spectrum shown in Fig.
5 (left) is qualitatively similar to that observed in the
experiments in which G(CsH:N)3" is formed in a
sequential reaction with & in that it exhibits a clear
two-component structure. So the “gradual” appear-
ance of G¢ can again be attributed to the heterolytic
cleavage of that fraction of the &CsHsN)3" ions
with a ball-and-chain structure. The CID spectrum in
Fig. 5 was taken at a pyridine flow intermediate
between the flows for the two CID spectra in Fig. 3
and the two-component structure in the decay of the
Coo(CsHsN)3™ ion is also intermediate.

3.2. Reactions with pyrrole

The kinetic results for the reactions of pyrrole with
C2s (n = 1-3) aresummarized in Table 2. A
reaction of singly charged &g with pyrrole was not
observed under our SIFT conditiods< 5 = 10~ 2
cm® mol™* s* Electron transfer from pyrrole
IE(C,H,NH) = 8.207 = 0.005 eV [7] to Gy is
endothermic. In sharp contrast, both doubly and triply
charged G and G react with pyrrolesolely by

J. Sun, D.K. Bohme/International Journal of Mass Spectrometry 179/180 (1998) 267-275

Table 2

Effective bimolecular rate coefficients (in units of T0cm®
mol~* s%) and product channels measured for reactionsgf C
cations with pyrrole in helium buffer gas at 0.350.01 Torr
and 294+ 3 K using the SIFT technique

Reactant  Product Branching

ion ion ratio k2 Kopd

Cso Not observed 1.4 <0.005

czt Csp + (CHsNY ™ 1 29 0.87
Coo(C4HsN)?* <0.01

Ce C35 + (CHsN)™ 1 44 1.7
Coo(CaHgN) 3+ <0.01

% represents the collision-rate coefficient calculated according
to the method of T. Su and M.T. Bowers in Int. J. Mass Spectrom.
lon Phys. 12 (1973) 347.

®The absolute uncertainties of the observed bimolecular rate
coefficients are estimated to be30%. Relative accuracies are
better than+10%.

C2y + C,H,NH — Coh + C,H,NH (8)

(9)

This result was not unexpected, however, as pre-
vious measurements in our laboratory have estab-
lished the occurrence of charge separation due to
electron transfer for ionization energies of the neutral
reactant less than 9.51 eV [13,14] and 11.02 eV [13,
16] with G35 and G, respectively. Finally, we note
that the low reactivity of g, with pyrrole, viz. our
failure to observe an addition reaction, fits nicely on
the empirical correlation with proton affinity shown in
Fig. 2.

C3F + CH,NH — C35 + CH,NHT

4. Conclusions

The observed chemistry of pyridine and pyrrole
nitrogen heterocycles with singly and multiply
charged G, cations further advances our understand-
ing of the chemistry of these ions as a function of
charge state. Although only charge-separation reac-
tions driven by electron transfer occur with pyrrole
because of its relatively low ionization energy, the
chemistry of pyridine is dominated by nucleophilic
addition. Electron transfer was observed as a predom-

electron transfer according to the charge-separationinant competitive reaction channel only withS€.

reactions (8) and (9)

The number of observed sequential addition reactions
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correlates with the number of the charges on the
fullerene ions which is in keeping with our previous
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measurements with ammonia and a||phat|c amines [1] For a review, see D.K. Bohme, in Recent Advances in the

[3]. However, electron transfer is a more predominant
competitive channel in the reactions with aliphatic
amines than in the reaction with pyridine.

The unexpected equilibrium achieved for the addi-
tion of pyridine to G, provided, for the first time, a
guantitative bond dissociation enthalpy for a derivat-
ized G, cation. Also, an isomerization reaction in-
volving derivatized fullerene cations has been identi-
fied for the first time. Finally, the rate coefficient for
the derivatization of ¢ has been shown to correlate
with the proton affinity of the neutral adduct for the
addition of the two nitrogen heterocycles, ammonia,
and several aliphatic amines.

Acknowledgements

D.K.B. thanks the Natural Sciences and Engineer-
ing Research Council of Canada for the financial
support of this research. Also, we thank Professor
Gritzmacher for providing a preprint of a manuscript
on the reactions of isomeric,&" carbon-cluster ions
with pyridine.

Chemistry and Physics of Fullerenes and Related Materials,
R.S. Ruoff, K.M. Kadish (Eds.), Electrochemical Society
Proceedings, Electrochemical Society, Inc., Pennington, NJ,
1995, Vol. 95-10, p. 1465.
[2] V. Baranov, D.K. Bohme, Int. J. Mass Spectrom. lon Pro-
cesses 165/166 (1997) 249.
[3] G. Javahery, S. Petrie, H. Wincel, J. Wang, D.K. Bohme,
J. Am. Chem. Soc. 115 (1993) 5716.
[4] G.I. Mackay, G.D. Vlachos, D.K. Bohme, H.I. Schiff, Int. J.
Mass Spectrom. lon Phys. 36 (1980) 259.
[5] A.B. Raksit, D.K. Bohme, Int. J. Mass Spectrom. lon Pro-
cesses 55 (1983/84) 69.
[6] V. Baranov, D.K. Bohme, Int. J. Mass Spectrom. lon Pro-
cesses 154 (1996) 71.
[7] NIST Chemistry Webbook, NIST Standard Reference Data-
base No. 69, 1997 (http://webbook.nist.gov/chemistry).
[8] D.L. Lichtenburger, M.E. Rempe, S.B. Gogosha, Chem. Phys.
Lett. 198 (1992) 454.
[9] M. Meot-Ner, Acc. Chem. Res. 17 (1984) 186.
[10] T.B. McMahon, T. Henis, G. Nicol, J.K. Hovey, P. Kebarle,
J. Am. Chem. Soc. 110 (1988) 7591.
[11] B.P. Posniak, R.C. Dunbar, J. Am. Chem. Soc. 119 (1997)
7343.
[12] J. Sun, S. Caltapanides, H.-F. @&macher, J. Phys. Chem. A
102 (1998) 2408.
[13] D.K. Bohme, Int. Rev. Phys. Chem. 13 (1994) 163.
[14] S. Petrie, G. Javahery, J. Wang, D.K. Bohme, J. Phys. Chem.
96 (1992) 6121.
[15] J.A. Zimmerman, J.A. Eyler, S.B.H. Bach, S.W. McElvany,
J. Chem. Phys. 94 (1991) 3556.
[16] G. Javahery, H. Wincel, S. Petrie, D.K. Bohme, Chem. Phys.
Lett. 204 (1993) 467.
[17] W. Waorgatter, B. Dinser, P. Scheier, T.D. Mg, J. Chem.
Phys. 101 (1994) 8674.
[18] S. Petrie, J. Wang, D.K. Bohme, Chem. Phys. Lett. 204 (1993)
473.



