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Abstract: Rate coefficients and product distributions have been measured for the gas-phase reacti®hs@f<C,

and Gg3* with nitromethane and methyl nitrite which show a strong dependence of reactivity on the charge state
of the fullerene cation and on the nature of the neutral reactant isomer. Furthermore, sequential bimolecular methoxy-
radical transfer reactions were observed with methyl nitrite leading to the polymethoxylatigeg?ofaith up to 12
methoxy groups, far more than the number of charges on ghswEface. Unusual periodicities were seen in the
reaction kinetics, and these are correlated with the radical and aromatic character of the deriwg{€EdHg,2+
cations. The measurements were performed in helium buffer gas att0B81 Torr and 294t 3 K with use of

the Selected-lon Flow Tube (SIFT) technique. Multicollision induced dissociation experiments with the derivatized
Ceso(OCHg)n2+ (n = 1—4) cations indicated sequential loss of single methoxy radicals, which is consistent with direct
bonding of the methoxy groups to thedtage. Polymethoxylation was not observed widg®€. Instead, g3+

reacts with methyl nitrite by dissociative electron transfeg,?Cis unreactive with nitromethane, bugdSt adds

one molecule and theggCH3NO,)*3 adduct ion reacts further only by proton transferge'€is unreactive with

both nitromethane and methyl nitrite.

Introduction electron transfer or even dissociative electron transfer, but
addition is still observed.

The chemistries of " cations have not yet been character-
ized in solution, although persistent singly- and multiply-charged
cations of Gp have now also been observed in this medium,
specifically in super acid® Observations of the intrinsic
reactivities of these cations in the gas phase in the absence of
solvent should provide a useful guide for making progress in
Rhis regard.

With the dication G,?*, we have found that polyfunction-
alization by sequential addition often predominates in the gas

Since buckminsterfullerene, gg; first became available in
macroscopic quantities in 1990nuch exciting progress has
been made in the “three-dimensional” derivatization of this
molecule in the condensed phase to form new, polyfunctional
addition productg. Also, singly- and multiply-charged cations
of Ceo became routinely available in the gas phase in conven-
tional mass-spectrometer ion sources and it became possible t
investigate the derivatization of this molecule also as a function
of charge state. Systematic experiments in our laboratory have

shown that addition reactions of singly- and multiply-charged phase and can lead to “ball-and-chain” propagation away from

X+ i i i i
Cso*™ cations occurring in helium bath gas at 0.35 Torr and the surface of G driven by Coulombic repulsiof® Poly-

room temperature show a strong dependence on the charge sta - o /i : . .
of the cation fox = 1, 2, and # Briefly, monocations of G tﬁ]nctlonallzatlon on the g cage itself is also possible but,

. so far, has appeared to be limited to additions corresponding to
have been found to add selectively to only a few molecules. In the number of charges on theg® cation? although polyhy-
contrast, a rich addition chemistry was observed witgg?C 9 ® ' gh polynhy

: ot . -
although electron transfer becomes an important competitive drogenation of & by multiple 'addmon of H atoms has bgen

. . 3t o . observed. Here we report the first observation of the multiple
reaction channel. With &°* this competition often favors

derivatization of a fullerene cation with a molecular substituent
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Collision-Induced Dissociation (SIFT/CID) mass spectrometer, Table 1. Rate Coefficients (in units of chmolecule® s7?) and
in which the reactions of interest occur in helium carrier gas at Product Channels Measured for Reactions gf ‘CCations with
035 + 0.01 Torr and 294+ 3 K. was used to take the Nitromethane and Methyl Nitrite in Helium Buffer Gas at 0.35

. . 0.01 Torr and 294t 3 K with Use of the SIFT Technique
measurements. This apparatus permits the products and the

kinetics of both primary and higher-order reactions of thgC reaction rate coefficient
cations to be monitored quantitatively. Furthermore, the poly- Cso‘i + CHz NO, — products <5x10° i;‘
functionalized Go cations may systematically be stripped after gzg;+i%:3?ﬁg?:p%%duuc‘itss zg x igl X

their formation by mglncplhsmn-lnduced dlssoqlatlgn I(CIIZ.)). Cod?* + CHiONO — Ceo(OCHg)?+ + NO (5.84 1.7)x 1011
Taken together, the kinetic and CID results provide insight into  cs(OCH,)2+ + CH;ONO — Coo(OCH)n:+ 12+ + NO

intrinsic reactive features of the bare and derivatizeg<'C n=1 (3.1+£1.2)x 10710
cations as well as into the nature of the polyfunctionalization n=2 (5.2 2.6) x 101(1)
of the Gsg" cations, viz. whether functionalization occurs on 2;2 88: iggi igﬂ
the surface of g or in a “ball-and-chain” fashion. Insightinto ¢y 3+ 4 CHNO, — Ceo(CHaNO,)3* (3.8+1.1)x 10°°
the former is provided by trends or the occurrence of unusual Csg3* + CH;ONO — Cge?t + NO™ + CH30* (3.0£0.9)x 10°°

perodicities in the magnitudes of the rate coefficients for
sequential addition. Insight into the bond connectivities of the . - ot 34 e
polyfunctionalized Gg** cations is provided by the dependence reactions of G, Ceo™" and Gg™" with nitromethane and

of the collision-induced dissociation spectrum on collision Methyl nitrite which were observed in this study.
energy. Reactions of Gg". The monocation €' was observed

not to react with either nitromethane or methyl nitrites 5 x
as neutral reagents, in part to explore the influence of bond 1074 Cmg. molequlels *. Thisisin keeplng W'.th our previous
connectivities on chemical reactivity. It will be seen that the observations with .other molecules which |nd|p§1te th@t.*Os
observed buckminsterfullerene ion chemistry with these two generally unreactive under our SIFT cond|_t|(§ﬁ§.Ne|ther
isomers is very much isomer specific. electron transfer_ nor covaler_n b_ond formation is (_)bserved.
Electron transfer is endothermic since the recombination energy
of Csot, RE(Gsg+) = 7.644£ 0.02 eV1ilis considerably smaller
than the ionization energy of either nitromethane, IE{88,)

The SIFT apparatus and SIFT-CID techniques have been described= 11.02+ 0.04 eV}2 or methyl nitrite, IE (CHONO) = 10.38
previously®® Ceg* cations were produced in an ion source by electron £ 0.03 eVi? and so is not expected to occur. We have
impact ionization £50 V for Csg'*, 70 V for Cee?™, 100 V for Gs'3*) previously attributed the failure to observe the derivatization
of fullerene vapor. The fullerene sample use®0% Gso, ~9% Cro) of Ceo"™ with other molecules to an energy barrier between the
was obtained from Termusa Inc. and was introduced into the ion source e|ectrostatically-bound collision complex and the covalently-
without further purification. After being selected with a quadrupole hound adduct that arises as a consequence of the transformation
mass filter and injected into the flow tube, theyC€ ions were allowed from Iargely Sﬁ hybridization to Sﬁ hybridization which is

to thermalize by collisions (ca. 4 1C° collisions) with the He buffer o\ ire 1 at the C atom on theurface which is derivatize¥.
gas atoms prior to entering the reaction region. Nitromethane (Spec-

tranalyzed Grade, Fisher Scientific Co.) and deuterated nitromethane- R€actions of G¢*". The dication Go** was observed not

ds (99% D, Stohler Isotope Chemicals) were admitted into the flow to react with nitromethand, < 5 x 10714 cm® molecule’* s™%.

tube as vapors diluted with helium. Methyl nitrite was synthesized by This is in sharp contrast to the moderately fast methoxy-addition
using the method developed by Slateand added as a pure gas. reaction observed with the methyl nitrite isomer, reaction 1,
Reaction products were analyzed with a second quadrupole mass filterfor which a rate coefficient of (5.8t 1.7) x 10711 cmd
downstream. The rate coefficients for primary reactions reported here
are estimated to have an uncertainty 880%. Higher-order rate
coefficients were obtained by fitting the experimental data to the
solutions of the system of differential equations for successive forward
reactions. The accuracy of this fitting procedure depends on the molecule? st was measured. Again, electron transfer was not
stability, and uncertainties in the magnitude, of the ion signals. Reverse ghserved with either molecule although in this case it is

reactions have been assumed to be negligible. Also, the standard erroky othermic by 0.34 and 0.98 eV with nitromethane and methyl
in the rate coefficient is propagated to higher-order rate coefficients nitrite respectiv.ely sincé RE(E') = 11.36+ 0.05 eVi3

because they appear in the exponent of exponential terms in theHO ever we have sho eviously that the failure of electron
solutions of the differential rate equations. The estimated uncertainty WEVer, w Ve shown previously (ha fiur r

is reported separately for each calculated high-order rate coefficient. ransfer in reactions of this kind can be attributed to an energy
The multicollision-induced dissociation (CID) of sampled ions was bgrrler arising from Coqlomblc rEpU|,S'0n between the two

investigated by raising the potential of the sampling nose core® singly-charged product iort8. The failure of a methoxy-

V and taking care not to introduce mass discrimination as the potential @ddition reaction analogous to reaction 1 with {8, is more

of the nose cone is varied. This technique was developed in our intriguing since the overall change in standard enthalpy of

laboratory primarily for the qualitative determination of bond connec- reaction 1 should be similar for the two isomers since the

The isomeric molecules GINO, and CHONO were chosen

Experimental Section

Ceo’" 4+ CH,ONO— C.(OCH,)*" + NO )

tivities and is described in detail elsewhére. standard enthalpy of formation of G& + NO* from CHs-
ONO and CHNO; is 41 and 43 kcal mol, 2 respectively. We
Results and Discussion propose here that the failure to observe derivatization with

) . nitromethane can be understood in terms of a high barrier to
Table 1 provides a summary of the rate coefficients and methyl migration required with this molecule.

product distributions measured for the primary and higher-order

(11) Lichtenberger, D. L.; Rempe, M. E.; Gogosha, SCBem. Phys.

(8) (a) Mackay, G. I.; Vlachos, G. D.; Bohme, D. K.; Schiff, H.Iht. Lett. 1992 198 454.
J. Mass Spectrom. lon Phys98Q 36, 259. (b) Raksit, A. B.; Bohme, D. (12) Lias, S. G.; Liebman, J. E.; Holmes, J. L.; Levin, R. D.; Mallard,
K. Int. J. Mass Spectrom. lon ProcesskE38384, 55, 69. W. G.J. Phys. Chem. Ref. Date988 365 Suppl. 1.

(9) Baranov, V.; Bohme, D. Kint. J. Mass Spectrom. lon Processes (13) Bohme, D. K.nt. Rev. Phys. Chem1994 13, 163.
1996 154, 71. (14) Petrie, S.; Wang, J.; Bohme, D. Khem. Phys. Lett1993 204,

(10) Slater, W. K.J. Chem. Socl192Q 117, 587. 473.
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Figure 1. Experimental data for the chemistry initiated by the reaction
of Cgo?" with methyl nitrite. The G** was produced in a low-pressure
ion source by electron impact at 70 eV witls@apor derived from a g .
fullerene powder. The methyl nitrite was admitted to the flow tube as C?'(\)lloTa(:rfgzsAf;tezF}i( l';:ehil)'um buffer gas at a total pressure of 0:85
a pure gas. The measurements were made at224K in helium ’ 9 ’

buffer gas at a total pressure of 0.35.01 Torr. The variations in the 1.0
adduct ion signals for (OCHg).>" with n = 1 to 4 are fitted with the

solutions of the system of differential equations appropriate for the

observed sequential reactions. All other lines are drawn for clarity.

Figure 2. Alternation in the rate coefficient observed for the sequential
addition of methoxy groups in the reaction af®CHg)2* with CHs-

Up to twelve methoxy radicals added sequentially tg*C 0.8
according to reaction 2, leading to the polymethoxylation of

Coo OCHy),*" + CHONO — Cof(OCHy),,,,*" + NO  (2)

0.6
Cec®™. Ten additions are apparent in the kinetic data shown in W
Figure 1. Small signals corresponding to the next two adducts E.
were also seen in the mass spectrum but were not monitored as
a function of reactant flow. The rate coefficients determined 0.4 1
for the first five steps clearly exhibit an alternation in magnitude
(see Figure 2):;kg=(5.84+ 1.7) x 10711, k; = (3.1£ 1.2) x
10710, ky = (5.2+ 2.6)x 107, ks = (3.5+ 1.8) x 10720, and S
ks = (2.0 £ 1.5) x 10711 cm® molecule’! s71. This observed 0.2
periodicity should provide a clue regarding the intrinsic reactive )
features of the derivatizedggfOCHz),2" cations (vide infra).
We note here that the polymethoxylation of neutrgh @ith

up to 26 methoxy groups has been achieved previously in 0.0
solution by treating a polychlorofullerene mixture with methanol/ 0 20 40 60 80
KOH.15

Structures of Cgo(OCH3)n2"t. Figure 3 shows the CID -U,/ Volts
spectrum for the methoxy adducts up to the fourgy(@CHs)42", Figure 3. CID spectrum recorded for the polymethoxylated,-C
taken at a CHONO flow of 7.7 x 10 molecule si. It is (OCH)y** cations withn = 1—4 at a total pressure of argon (10%)

clear from this spectrum that the methoxy groups are removedhelium buffer/collision gas of 0.35- 0.01 Torr and a flow of methyl
one by one with increasing collision energy. This result is Nirite of 7.7 x 107 molecules st.

consistent with a “fuzzy-ball” structure involving direct bonding  aiso by the efficiencies of intermolecular and intramolecular
of the methoxy groups to the carbon atoms of the carbon cageenergy transfer which are influenced both by the size and by
of Ceo. The observed order of dissociation thresholds in the the degrees of freedom of the methoxylated catforishe
laboratory frame, DT = 1) > DT(n = 2) > DT(n = 3) > gbservation of reaction 2 at room temperature implies that
DT(n = 4), is more difficult to interpret quantitatively as itis  p((OCH)Cso—OCHs?") > D(CH;O"—NO*) = 41 kcal mot*
determined not only by relative bond-dissociation energies but (calculated from known standard enthalpies of formati@n).

(15) Olah, G. A.; Bucsi, I.; Lambert, C.; Aniszfeld, R.; Trivedi, N. J.; Taken togethgr, t.he kinetic and CID results lead us to propose
Sensharma, D. K.; Surja Prakash, GJKAm. Chem. So4991, 113 9385. the surface-derivatized structures for the polymethoxylatgd C
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. n respectively. The enhanced stability of the 4 and 8 adducts
G4 i‘; is reminiscent of the extra stability of “aromatic” hydrocarbons
which also contain (@ + 2) -electrons. Also, it is interesting
H%H | to note that, in the methylation ofg&~ by CHal in Li/THF-ds
T solution, the number of CiHgroups added varies from 1 to 24,
with the number being predominantly even and most commonly
S7e 6 and 8°
Reactions of Gg3". The Gg3* cation was observed to react
n rapidly with both nitromethane and methyl nitrite, but in
L4 distinctly different ways. The former reaction was also
H,H13 investigated with fully deuterated nitromethane with similar
results, and there was no significant isotope effect in the
HH1 measured rate coefficients. Representative data are shown in
"o Figures 5 and 6. CHNO, rapidly adds to G*" under SIFT
conditions according to reaction 3 wikh= (3.84 1.1) x 107°
55e
Ceo " + CHyNO, — Cyo(CHoNO,)™* (3)
n
——14 cm® molecule® s71, while CHONO reacts by dissociative
H+13 electron transferk = (3.0 £ 0.9) x 10~ cm® molecule’l s71,
H}H’” according to reaction 4. Electron transfer was not observed with
A ; ) ﬁ%ﬁ 1 Ceot + CH,ONO— C,/" + NO" + CH,O"  (4)
i}
53e A\Y VI 52e CH3NOy; we can set a limit of<1% for the branching ration

Figure 4. Proposed surface-derivatized structures and orbital diagrams

for the polymethoxylated §(OCHg):2" cations.

of electron transfer. Depending on the value of R&X),
15.6 £ 0.5 e\ or 16.6 = 1 eV electron transfer from
nitromethane and methyl nitrite is exothermic by 4.6 or 5.6 eV

(OCHg)p2* cations shown in Figure 4. We assume that methoxy and 5.2 or 6.2 eV, respectively. It appears that the failure to
addition to G¢?* occurs to 6-6 bonds as is the case in the observe electron transfer with GNO, may be attributed to
fluorination® and chlorinatio®® of Cg0.l” The addition of the the energy barrier arising from Coulombic repulsion among
first methoxy radical via reaction 2 reduces the symmetry of product ions within the uncertainty of the estimated threshold
Ceo?* from Cs, (in which the HOMOs are triply degenerat€)  in exothermicity of 4.5+ 0.4 eV24 In contrast, electron transfer
to Cs and removes all the orbital degeneracies. However, we from methyl nitrite to G¢*" seems to overcome this barrier
chose here to retain orbital degeneracies consistent with theand leads to the dissociation of @@NO™ into CH;O* + NO™.

Huckel rule. G has a delocalized 58-electransystem, and
abstraction of a methoxy radical from @BINO removes one
of these electrons to form an-€€gs, bond. Our measurements
indicate that this bond formation proceeds relatively slowly,
= (5.8 £ 1.7) x 10711 cm® molecule’! s1. The resulting
dication, Go(OCHg)*2" (I in Figure 4), is ar-radical that reacts
more rapidly with another methyl nitrite molecule= (3.1 +
1.2) x 1071 cm?® molecule s71, again by radical abstraction,
producing Go(OCHg)22" (1), an ion which may have a closed-
shell electronic configuration but which we have chosen to
depict as a triplet in the orbital diagram accompanying structure
Il. This latter ion again reacts relatively slowk= (5.2 +
2.6) x 10711 cm?® molecule s71, to producedll . Indeed, all
the ions Go(OCHs).2+ for whichnis an odd number are radicals
(seel, Il , andV in Figure 4), and these were all observed to
add CHO* more rapidly than ions for which is even (see
Figure 2).

For the Go(OCHg),2+ ions in whichn is even, there is a
further interesting periodicity in reaction kinetics, with adducts
havingn = 2 and 6 being more reactive than those witk 4
and 8 (based on the appearance of product ions in Figure 1)
Then= 2 (II') and 6 ¥I) adducts have 56 and 52electrons
while those withn = 4 (IV) and 8 have 54 and 5@-electrons,

(16) (a) Holloway, J. H.; Hope, E. G.; Taylor, R.; Langley, G. J.; Avent,
A. G.; Dennis, T. J.; Hare, J. P.; Kroto, H. W.; Walton, D. R. M Chem.
Soc., Chemun. Comr991, 966. (b) Selig, H.; Lifshitz, C.; Peres, T.; Fisher,
J. E.; McGhie, A. R.; Romanov, J. W.; McCauley, J. P.; Smith, AJB.
Am. Chem. Sod 991 113 5475.

(17) Hirsch, A.Angew. Chem., Int. Ed. Engl993 32, 1138.

(18) Hrusak, J.; Schwarz, €hem. Phys. Lettl993 205, 187.

This dissociation requires only about 0.5 &/t is interesting

to note that dissociation into GB™ + NO* is even more
exothermic but does not occur, apparently because it requires a
transition from one diabatic surface to anotferWe should
also note that a previous low-pressure FT-ICR study of the
reaction of Gg*" with nitromethane indicated the occurrence
of O~ transfer?* We did not observe such a reaction, perhaps
because of the greater probability of collisional stabilization of
the reaction intermediate at the much higher pressures of our
SIFT technique. Also, it should be noted that our failure to
see electron transfer betweegs€™ and CHNO; is not totally
consistent with our earlier observations of an electron-transfer
channel of ca. 10%° The experiments in the present study
were performed with a redesigned electron-impact ion source
with superior definition of the ionization region and higher signal
intensities and they did not show the production gf?€ from
electron transfer with CHNO, (see Figure 5) observed to a small
extent previously. Itis likely that the earlier experiments were
contaminated with an initial signal ofsg3* as was the case,

" (19) Bausch, J. W.; Surya Prakash, G. K.; Olah, G. A.; Tse, D. S;;

Lorents, D. C.; Bae, Y. K.; Malhotra, RI. Am. Chem. Sod 991, 113
3205.

(20) Javahery, G.; Wincel, H.; Petrie, S.; Bohme, D.®hem. Phys.
Lett. 1993 204, 467.

(21) Wargtter, W.; Dinser, B.; Scheier, P.; Mg, T. D.J. Chem. Phys.
1994 101, 8674.

(22) Baer, T.; Haas, J. R. Phys. Chem1986 90, 451.

(23) Leyh-Nihant, B.; Lorquet, J. Cl. Chem. Phys1988 88, 5606.

(24) McElvany, S. W.; Bach, S. B. ASMS Conf. Mass Spectrom. Allied
Top. 1991, 39, 422.



Polymethoxylation of g Dications J. Am. Chem. Soc., Vol. 119, No. 30, 193059

24 [ ]
Ceo” So N0, 1000 | (CHLONOINO'
1000 - (CD,NO,)D"
_ 100 -
E 100 ~
b g
v .80
= 17
= =
<
|
10 10 4
1+ ! ' T T 14 T T T O T
0.0 0.2 0.4 0.6 0.8 1.0 0 1 2 3 4 5 6
CD,NO, Flow /(1017 molecule s'l) CH,ONO Flow /(1017 molecule s™)

Figure 5. Experimental data for the chemistry initiated by the reaction Figure 6. Experimental data for the chemistry initiated by the reaction
of Ceo®" with CDsNO,. The Gg®* was produced in a low-pressure  of Cgs'3* with methyl nitrite. The Gg3* was produced in a low-pressure

ion source by electron impact at 100 eV witho®@apor derived from ion source by electron impact at 100 eV witho®@apor derived from

a fullerene powder. The GINO; was admitted into the flow tube as a  a fullerene powder. The methyl nitrite was admitted into the flow tube
(4%) mixture in helium. The measurements were made at224K as a pure gas. The measurements were made at2BK in helium

in helium buffer gas at a total pressure of 08®.01 Torr. The lines buffer gas at a total pressure of 0.350.01 Torr. The lines represent

represent a fit to the experimental data with the solutions of the systema fit to the experimental data with the solutions of the system of
of differential equations appropriate for the observed reactions. The differential equations appropriate for the observed reactions. The
small Go?" initially present can be attributed to the occurrence of secondary chemistry observed fog€ and (NO)Y* is not shown for
electron transfer between impurities ang€ upstream in the injection clarity. (NO)* reacts with methyl nitrite to form the adduct ion.

region before thermalization downstream.
r 1.0

for example, in our measurements of the reactiongfCwith
acetylene?®

The higher-order reactions apparent in Figures 5 and 6 are 1.
also of interest. The adduct ion produced in reaction 3 was Ceo L 0.6
observed to react again with nitromethane in a bimolecular ~ I/Ig
proton-transfer reaction as shown in reaction 5 wdh= (4.0
+ 1.2) x 10° cm® molecule? s1. We have observed

- 0.8

C6O(CD3NO2)3+ - 0.4

o3+ 0.2
Ceo(CH;NO,)™*" + CH,NO, —

Coo(CHNO,)*" + (CH;NO)H™ (5) e e &t 0.0
previously a number of analogous proton-transfer reactions of 0.8
derivatized doubly-chargedsgcations?® and this is one of a
growing number of proton-transfer reactions we have encoun- 0.6 -
tered with derivatized triply-chargeds§xations3¢925 |t is likely
that the proton transfer reaction 5 converts structlieto the 0.4 1

bridged structure/Ill . The CID spectra shown in Figure 7
0.2 -

0.0 Ges8000AGA00a00B0EOREEOERN

-U,. /Volts

Figure 7. CID spectra recorded for thes§fCD3sNO,)**" cation (top)
and its deprotonated form (bottom) at a total pressure of argon (26%)
helium buffer/collision gas of 0.36t 0.01 Torr and a flow of
nitromethane of 1.3« 10* (top) and 8.2x 10 (bottom) molecules

VII VIII st

are consistent with this conjecture. The product ion of reaction more strongly bound. It dissociates by the elimination obCD
5 has a much higher threshold for dissociation and so is muchNO* according to reaction 6.
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Ceo(CD,NO,)*" — C,,0™" + CD,NO* (6)
The data in Figure 5 also show the further reaction of
protonated nitromethane to form the protonated dimer according
to reaction 7. This is presumably a termolecular association

("

reaction under our experimental operating conditions with He
acting as the third body.

The NO produced in dissociative electron-transfer reaction
4 was observed to rapidly react further with methyl nitrkes
(8.2 2.5) x 107°cm? molecule* s71, to form both the adduct
ion and the dimer ion, (N@)", according to reaction 8 in a

(CH,;NO,)H™ + CH,NO, — (CH,NO,),H"

NO* + CH;ONO— (CH,ONO) NO (8a)

— (NO),”" 4+ CH,O’ (8b)
ratio of 7 to 3, respectively. The latter channel is endothermic
at room temperature by about 27 kcal moif the NO™-NO*
cluster ion is formed, given th&(NO™—NO*) = 14 kcal moi?
andD(CHzO*—NO*) = 41 kcal moi,1227put its occurrence is
not so surprising given the large exothermicity of charge-
separation reaction 4 which produces N@uch of which will
appear as kinetic energy of the product ions. The @NQpn
produced in reaction 8b reacts only slowly with §&MNO,k =

(25) Wang, J.; Javahery, G.; Baranov, V.; Bohme, D.Ti¥trahedron
1996 52, 5191.

(26) Petrie, S.; Javahery, G.; Bohme, D.IKt. J. Mass Spectrom. lon
Processed 993 124, 145.

(27) Linn, S. H.; Ono, Y.; Ng, C. YJ. Chem. Physl1981, 74, 3342.

Bataebal.

3.8 x 1071 cm® molecule® s72, to form an adduct according
to reaction 9.

(NO),”" + CH,ONO— (CH,ONO) (NO),*

Conclusions

Our gas-phase measurements of reaction products and reaction
kinetics have revealed a remarkable diversity in the reactivity
of singly- and multiply-charged 4 cations toward ni-
tromethane and methyl nitrite in helium bath gas at 0.35 Torr
and room temperature. They clearly show a strong dependence
of reactivity on the charge state of the cation for 1, 2, and
3 ranging from non-reaction, to derivatization and dissociative
electron transfer. The observed reactivity is atsner specific
and this suggests the use af€ and Gg'3* in the analysis for
nitromethane and methyl nitrite by chemical-ionization mass
spectrometry.

Polymethoxylation of G?* has been observed under SIFT
conditions and characterized with multicollision-induced dis-
sociation. This is the first example of multiple derivatization
of the surface of a fullerene cation with a molecular substituent
to an extent far beyond the number of charges on the fullerene
surface. Unusual periodicities have been observed in the
kinetics of sequential methoxy addition, and these have been
interpreted in terms of the electronic and aromatic nature of
the methoxylated £(OCHs)2" cations.
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