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We have measured the kinetic energy release distributions for unimoleculzssdrom singly and multiply
charged SIN@GC;¢t (z= 1, 2) and SIN@Gss*" (z= 1, 2, 3). Using finite heat bath theory, we deduce the
dissociation energies of these endohedral ions toward loss 3h€ data show that the complexation energies
(i.e., the adiabatic binding energies betweegNSand the fullerene cage, &) are, for a given charge state
and within the experimental uncertainty, identical fo= 76, 78, and 80.

Introduction similar!? For Li and Na cations caged ing§ the computed
values range from about0.5 to —1.5 eV1314 Steric effects
were also observed in a study of alkali cations and halides: small
ions (Li*, Na, F~, CI") stabilize while larger ions (Rh Br-,
1) destabilize the cag8.However, size is not the only criterion.
N, P15 0, F1¢and even H” are found to destabilizeggby as
much as 1 eV whereas As is surprisingly stabilizing-b.4
ev.18
How do these calculated values compare with experimental

C&L’a\ta'? There are none to compare with. The only experimental
approach that provides andirect clue to the stabilization has
been explored by Lifshitz and co-workéfs?2 They have
measured the kinetic energy release (KER) for unimolecular
" dissociation of endohedral fullerene ions which, with the

exception of N@Go" that loses the caged nitrogéhproceeds

by loss of G:

The fascinating possibility of caging atoms in fullerenes was
noticed immediately by Kroto et al. when they proposed the
hollow icosahedral structure ofeg! Very soon, endohedral
fullerenes were formed in the gas phase by laser vaporization
of metal-impregnated graphfteor by energetic collisions
between empty fullerenes and atofriEhe field exploded soon
after the macroscopic synthesis of fullerenes was developed by
Kratschmer et al¥;nowadays, a large variety of fullerenes with
caged metallic and nonmetallic elements have been synthesize
and purified (see refs 5 and 6 for recent reviews).

The kinetic stability of metallofullerenes under ambient
conditions had originally presented some puzzles. Until 2000
all attempts to isolate é&g-based metallofullerenes proved fitile
except for Li@Go, which could be generated by Li ion
implantation into Go films.8 It has been realiz€dhat chemically
unreactive metallofullerenes often employ chemically reactive
fullerene isomers; electron transfer from the caged metal to the
fullerene may even stabilize species that violate the isolated-
pentagon rule, such as @ Cee. 10

While chemical stability is essential for the successful
isolation and possible application of endohedrals, it says little
about the thermodynamic stability of the complex. A measure
of the thermodynamic stability is the complexation energy, also
termed stabilization or embedding energy; it is usually defined
as

M@C,"—M@C,_," + C,— DIM@C,") (2

From these data, one can derive using finite heat bath theory
the dissociation energiB(M@C,").242> For some systems,
especially for K@G", La@G;", and Tb@G;", the dissocia-

tion energies were found to exceed those of the corresponding
empty fullerene ions

C. —C,, +C,—D(C," 3)

. _ by several e\?2 The result was interpreted as a stabilization of
M+ Gy = M@C, ~ EpM@C) (1) the cage upon introduction of the endohedral compieR.
However, this kind of stabilization doe®t necessarily imply
a high complexation energy, as is easily seen from the
thermodynamic cycle:

where M is an atom or complex of atonksmpix will be negative
if reaction 1 is exothermic.
Ecmpix has been computed by many groups, especially §gr C
For inert gas atoms, stabilization increases continuously from - M@C,+Cy
Ecmpix = —0.01 eV for He to~—0.4 eV for Kr; it decreases ~ M@C;  SMHCLtCy

again for Xe due to steric repulsidh.For Gy, the trend is MG
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Thus, a measurement of dissociation energies provides them) formed in ff3 if the sector field voltagel)) is set to
differential complexation energyAXEcmpix) as defined in eq 5.

The large negative values &fE:mpix reported for Kr@Gg" %, U = QU ©)

for example, could either mean that Kr strongtabilizesCeo™ f m, p

or that itdestabilize<Csgt. Unfortunately, no theoretical values

are available for the stabilization energy of Kr@®r its ions; This relation also holds for multiply charged parent ions
therefore, we cannot tell which of these alternative explanations provided the charge state of the fragment ions equals that of
is the correct one. the parent ions. These MIKE spectra, together with a scan of

There seems to be only one endohedral system for which the parent ion around voltagé,, provide the experimental raw
complexation energies have been computed for adjacent sizesdata from which the kinetic energy release and the dissociation
namely, for SeN@C;s and SeN@Cg.?® These metallo-  energies will be derived.
fullerenes can be synthesized and purified with a yield that even
exceeds that of empty g2’ their discovery has prompted pata Analysis
several experimentd and theoreticdf2°-3! investigations.

More recently, other trimetallic nitride endohedrals have been  Experimental MIKE peaks are usually converted to kinetic
purified where one or more Sc atoms are replaced by Y, La, energy release (KER) distributiorfée) by removing statistical
Lu, Er, or some other rare-earth elemé&ht. noise, deconvoluting with the smoothed parent ion peak,

Here we report on the kinetic energy released in reactions 2 differentiating the resulting spectrum, and converting the sector-
and 3 for triscandium nitride endohedrals. From the combination field voltage to kinetic energie®:3* We have inverted the
of these data, the differential complexation energies for procedure in order to avoid errors that may arise from data
SaN@G& in charge statez= 1 and 2 and for SIN@ Cge?" smoothing and deconvolution; details have been described
in charge states= 1, 2, and 3 can be derived. The effectzof ~ elsewheré? In the present worki(e) is that distribution which,
on AEcmpi is Of interest because theoretical investigations With proper parametrization, provides a best fit between a
indicate that charge transfer within the strongly boung\sc  synthetic MIKE spectrum computed frorife) and convoluted
core and between the core and the fullerene cage is essentiaWith the parent ion peak and the observed MIKE spectrum.
for the huge stabilization (order of 10 eV) of these com-  f(¢) reveals the transition state temperafiif@f the evapora-
plexes?6:30 So far, the only experimental data for trimetallic tive ensemble of decaying cluster iéhs
nitride endohedrals have been reported by Lifshitz and co-
workers for singly charged SN@GCgo.2? Surprisingly, for all f(€) 00 eo(e) expg——
charge states and far= 78 as well as = 80, we obtain values kBTT
for AEcmpix that are consistent with zero, within the experimental
uncertainty of~0.6 eV. This implies that the complexation where o(€) is the capture cross section for the reverse of

(7)

energies of SIN@C.*" do not depend on size for= 76, 78, reactions 2 or 3. For unimolecular decay @§C Csg", Ceo™,%°

80. and some other atomic cluster iofithe capture cross section
agrees with the Langevin cross sectiofs) [ 1e although,

Experimental Section on physical grounds, one would expect tloét) reflects the

hard-sphere cross section of the fullerene and therefore deviates
from the Langevin cross section, especially at low energies.
However, as discussed in an earlier publication, high-quality
MIKE spectra show no evidence for this expected deviatfon.

As a result, the transition state temperature is related to the
average KER:

The apparatus consists of a high-resolution double-focusing
mass spectrometer (Varian MAT CH5-DF) of reversed Nier-
Johnson type BE1 geometry combined with a second electro-
static analyzer E2® Either SgN@GCgo (obtained from Luna
nanoMaterials) or a mix of higher fullerenes containing mainly
C76, Crs, Cas, and G, (MER Corporation) were, without further
treatment, evaporated into a vacuum of about’I0brr from a 1 &BTT —c ®)
temperature-controlled oven operating at 4300 °C. The '
effusive beam is intersected by an electron beam of 120 eV According to Klots's finite heat-bath theo?,one derives
energy and a current of 1 mA. The resulting ions are extracted from T' the isokinetic temperatur®, of a canoni'cal ensemble
perpendicular to the fullerene and electron beams and acceler-that would have the same rate as the evaporative ensemble:
ated into the mass spectrometer with 3 kV. lons pass through ’
the first field free region, are momentum-analyzed by a mag- exply/(C — 1)] -1
netic sector field B, enter a second field-free region (ff2), pass T,=
through a 90 electric sector field (E1), enter a third field free y(C—1)

region (ff3, length 92 cm), pass through another electrostatic \here ksC is the vibrational heat capacity of the parent ion.

sector field (E2), anpl are detepted by an electron myltiplier. We assume the value given by the equipartition theor@rs,
Referenced to the time of their formationgoC parent ions 3p — 6 wherep is the number of atoms in the clusteris the
traverse ff3 during the time interval 75 t < 91 us. The Gspann factor defined #s

corresponding times for other ions of mass (in atomic

units) and charge state are obtained by multiplying with — A D

JmiTa, VM T T, (10)
Mass-analyzed ion kinetic energy (MIKE) spectra of ions that

undergo spontaneous decay in ff3 are analyzed by tuning thewhereD is the activation energy of the reactidnjs its rate

magnet and first electric sector field to transmit the parent ion coefficient, andA is the preexponential in the Arrhenius relation

(massmy) and by scanning the sector field voltage of E2. In that is assumed here f&(Ty). If an evaporative ensemble of

this mode, B and E1 constitute a double-focusing high-resolution cluster ions is sampled at timafter excitation and if competing

mass spectrometer, and E2 will transmit fragment ions (masscooling channels can be neglected, then the most likely decay

9)
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rate will be characterized BY

k=1t (12)

The A-factor is usually assumed to be independent of cluster
sizen. In the present work we us&é = 2 x 10" s for all
species. This value is identical to, or very close to, the value
used in several other recent studies of unimolecular dissociation
of fullerene iong44%-42 This value may appear to be unrealisti-
cally large, but it includes too large factors, namely, the reaction
path degeneracy and the rotational partition function of the C
fragments' Lifshitz4! has estimated an upper limit &f= 8 x
1020 for Cso.

To compare our results with related measurements by Lifshitz
and co-workerd?%22 we have to reanalyze their data because
those authors had used a constant valye=sf33 which implies,
from egs 10 and 11, size-dependéntactors. We start from
their publishedr™ values and us& = 2 x 10'°s L. As for the
ratek, we note that Lifshitz and co-workers consistently assume
k = 10° s for MIKE scans of fullerene ions in their VG-
ZAB-2F instrument. However, an examination of the published
geometric design of that instruméhteveals that the transit
time between the region where the ions are fully accelerated to
8 keV and the second field free region average5 us for
Csot. Hence we us& = 4 x 10* +/720m s wherem is the
mass of the parent ion in atomic mass units.

We also noticed that the values for the average KER and the

transition state temperatures that were reported in refs 20 and

22 are inconsistent with eq 8. They are also inconsistent with
the more general relatich= (/+ 1)kgT'(where the parameter
/is obtained from a fit to the KER distribution) that applies to
the “model-free” analys#$ chosen by the authors. Not knowing
the source of this inconsistency, we decided to use their
published values of ' rather thare becausd™ is more directly
connected to the dissociation ener@ that we wish to extract.

Gtuch et al.
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Figure 1. Mass spectra of Shl@GCsot ions recorded by scanning the
magnetic sector with the slits fairly wide open (upper spectrum, open
squares) and nearly closed (lower spectrum, full circles). The peak at
1109 u is isotopically puré’C; peaks at higher masses contain one or
more 13C isotopes.
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From the preceding paragraphs it may appear that our resultsFigure 2. Compute+r-gene_rated MIKE peaks for unimolecular loss of
for the dissociation energies will depend on various assumptionsCz from SeN@Cs" showing the broadening that arises from the

made in the analysis. However, most assumptions have a very?
small effect on the results. For example, assuming a constant;.

(size-independent) value for the Gspann factor instead of a
constantA-factor changes the differential complexation energy
(eq 5) by less than 0.01 eV. Applying the concept of micro-
canonical temperatur&snstead of the “finite heat-bath theory”
will not change the results at all provided both theories are
applied to the same order of approximation. If the concept of
microcanonical temperatures is applied to first order, then the
dissociation energies will increase by 0.02 eV, but the dif-
ferential complexation energies will remain virtually unchanged.
The largest uncertainty lies in the valueAfChanging its value

by an order of magnitude will change the dissociation energies
by 7%.

Finally, in our analysis we have ignored the effect of radiative
cooling. As discussed elsewhéfehis will result in dissociation
energies that are too low by about 4% for the fullerene sizes
discussed here. At any rate, the effect of the corrections
discussed above on tliifferential complexation energies will
be rather small unless thfefactor, or the radiative cooling, of
endohedral fullerenes strongly differs from that of empty ones.
This seems unlikely.

Results and Discussion

Effect of Isotopomers on MIKE Spectra. Of particular
concern in the present study was the effect that isotopomers
may have on the shape of the MIKE peaks and, therefore, on

the values that are derived for the average KER and dissociation

resence of*C isotopes, see text for details. Only the two most
bundant isotopomers of the parent ion, at mass 1109 u (containing no
3C isotope) and 1110 u (oR&C) are considered. Eithé&iC*C or?C'3C

may be lost fromm = 1110 u.

al

energies. While scandium has only one naturally occurring
isotope °Sc) and nitrogen is nearly (99.6%N) isotopically
pure, the large number of carbon atoms makes it quite likely
that fullerenes contain one or moréC isotope (natural
abundance 1.108%). The mass spectrum efl&Cgo in Figure
1, recorded with two different resolution settings, illustrates this.
The isotopically pure molecule at mass 1109 u is the most
abundant, but it constitutes only 41% of the total ion signal.

The mass spectra shown in Figure 1 were recorded with our
double-focusing mass spectrometer equipped with an additional
electrostatic analyzer (BEE geometry). An instrument with BE
geometry can equally well resolve the different isotoporders,
but its resolution is deceiving because the electric sector field
voltage is fixed during a regular mass scan. In contrast, during
a MIKE scan the parent ions are selected only with the magnetic
sector field, and “wrong” parent ions of slightly different mass
will also contribute to the MIKE spectrum. For an illustration
of these problems and how they are solved if an instrument
with BEE geometry is used, see ref 47.

As an illustration, we show in Figar2 a computer-generated
MIKE peak for the reaction

SeN@Gy," —~ SeN@Cr' +C, (12)
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TABLE 1. Average Kinetic Energy Release €), Transition < o this work
State Temperature {T), and Activation Energy (D) for C, 2 4l o Lishitz and coworkers (scaled) %
Loss Calculated from Our Data Using Finite Heat Bath @
Theory and Arrhenius Preexponential of 2 x 101°s12 % %

e T D T D © Ll ]

parention  (meVP (K)® (eV)y (K)ed (ev) "E, %

Ceot 3944+ 3 3030 10.25 33003600' 10.63,11.6 % % %
Crgt 355+ 13 2747 9.00 s 100 é
Cr" 3524+ 32 2724 8.83 c §§ §
Cr* 348+ 15 2693 8.68 2 §§§§ §§ é
SeN@Crst 362+20 2802 9.17 ° 8 i
SeN@Gg?" 342+ 20 2647 8.57 a2 R S R S R S S S S S S R
Cso" 367+ 15 2840 9.26 3500 11.04 B tiraaiitraattiiaat g
Ca?t 371+23 2871 9.30 SE8LORRBEIRELE3338
Cac®* 357+15 2762 8.89 9800 9°g3 993839 ©®
SeN@Cs" 378+ 15 2925 9.56 3470 10.93 z<¥ § z 3 z 98 -F
SeN@GCes?™ 374+ 15 2894 9.36 w8 P g R
SeN@GCso** 372420 2879 9.25 _ _ _ @ )
Cas" 332+ 17 2569 8.39 2860 9.0 Figure 3. Empty and filled circles: Dissociation energies for 18ss

) from singly and multiply charged fullerene ions measured in this work
#Values in the last column have been calculated by us (see Datafor empty and filled fullerenes, respectively. Diamonds: Dissociation
Analysis section) from transition-state temperatures reported by Lifshitz energies derived from transition state temperatures reported by Lifshitz
and co-worker@%22 b This work. ¢ Ref 20.9 Ref 22. and co-worker8®??scaled to match our value forsg.

For the sake of clarity, we only consider the two most abundant 24, 25, or even 26 u. A tail has indeed been reported for the
isotopomers of mass 1109 u (containing 36 isotopes) and Kr@Cso™ MIKE peakZ® but the authors attributed it solely to
1110 u (oné3C), with the relative probabilities computed from  collision-induced dissociation. To extract the correct, intrinsic
the natural abundance bIC. We assume that the 1109 u parent width of this MIKE peak one would have to apply comprehen-
passes at an electric sector field voltage of 510.86 V (eq 5). sive quantitative modeling as illustrated in ref 47.
Therefore, after loss of £mass 24 u) the fragment ion will Dissociation and Complexation Energiesin Table 1 we
appear at 499.8 V. The width of this peak (after proper list the average kinetic energies, the corresponding transition
correction for other broadening mechanisms) depends on thestate temperatures, and the dissociation energiesflos€ from
square of the average KER. In Figure 2, we chose a width assingly and multiply charged trimetallic nitride fullerene ions
determined in the present experiments. However, in a BE and some empty fullerene ions. The dissociation energies are
instrument metastable fragment ions from the parent ion of massgraphed in Figure 3 as circles. Error bars were computed from
1110 u will also contribute. In the MIKE spectrum they will  the uncertainties of the average KER listed in Table 1. The
appear at 499.35 V if #C'2C dimer is lost or at 498.89 V in kinetic energy release distributions indicate that dissociation
the less likely case that a mixé&C13C dimer is lost. proceeds without reverse activation barrier; therefore, our
The solid curve in Figure 2 is the summed contribution of dissociation energies are adiabatic values, as assumed in eq 5.
these three channels. It is very nearly Gaussian, but its width Recent experiment®land theoretical studig&indicate that G
(root-mean-square standard deviation) is 2.7% larger than thatattachment to neutral or chargegh@nd other fullerenes features
of the individual components. This would suggest a KER that a complex reaction path, but again, there is no evidence for a
is too large by 5.4%. The error will increase to 11% if decay of net reaction barrier.
all other parent isotopomers and their possible fragment ions Also listed are transition state temperatures that Lifshitz and
(having lost a mass of 24, 25, or 26 u) is taken into account. co-workerg®2??reported for the reactions considered here, based
The actual error in the experiment will depend on the KER and on the “model-free” analysis of their KER distributions. In the
on the degree of discrimination against parents that have thelast column we show the dissociation energies that we calculate
wrong mass. from theirTT values (see Data Analysis section for details). They
In the present work, all metastable reactions were measuredare significantly higher than ours, and their values for two
in ff3. In this situation, parent ions are selected for a MIKE separate measurements gbCdiffer by 9%. This problem had
scan by the magnetic as well as the first electrostatic sector fieldalready been noticed by the authétshey chose to scale all
(i.e., their resolution is as good as the resolution of a regular their dissociation energies such that the currently accepted
mass spectrum recorded with a BE instrument). As a result, dissociation energy db(Css") was reproduced. We adopt the
wrong parent ions that contaliC isotopes cannot enter ff3.  same procedure (i.e., all dissociation energies shown in the last
However, this technique requires narrow slits and comes at thecolumn of Table 1 are multiplied by 10.25/10.63 and 10.25/
cost of low count rate. Alternatively, for the measurements 11.6 for data published in refs 20 and 22, respectively). The
involving weak parent ion beams where we had to use wider results are shown in Figure 3 as open diamonds. We also include
slits, we corrected the results for contamination by other dissociation energies for Rg@& (Rg = Ne, Ar, Kr) and a
isotopomers based on detailed test experiments combined withfew other metallofullerenes. They are derived similarly from
theoretical modeling of those spectfa. transition state temperatures reported by Lifshitz and co-
In some situations it is practically impossible to select workers2%22 uncertainties are taken from their published dis-
isotopically pure parent ions. For example, the most abundantsociation energies, and scaled.
isotopomer of Kr@Gp has a mass of 804 u. However, ions at Several features in Figure 3 are noteworthy:
this mass will not only be comprised #Kr@ (*2C)g0, but they (1) The dissociation energies of SI@C¢" and SeN@Ce*™
may contain as many as siXC isotopes because the lightest do not, within the experimental error, depend on the charge state
naturally occurring isotope of krypton 78Kr. As a result, the z. This also holds for the empty fullerenes iong@nd Gy, in
MIKE peak from this parent ion will be tailed toward lower agreement with previous studies of singly, doubly, and triply
electric sector field voltages because loss gfrplies loss of charged Gg, Cso, and G ions2442
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Figure 4. Differential complexation energy (see eq 5 for a definition).
The caging fullerene is indicated in the figure; the caged complex M
and the charge state of M@C are indicated below the abscissa. A
negative value implies that.€ is stabilized by M more strongly than
Cn-2**. Filled circles and open diamonds are experimental values
derived from the data shown in Figure 3. The full square is from density
functional calculationg?5!

(2) The dissociation energies for B C?" (n = 78, 80)
agree, within the experimental error, with the corresponding
energies of the empty, singly charged fullerene ions.

Gtuch et al.

5) is —9.70 eV. However, the most stable isomers of empty
fullerenes areDsy (isomer 1) andCy, (isomer 3) for G and

Cys, respectively. We obtain the adiabatic complexation energies
relative to these isomers by adding the computed energy
difference8! between the corresponding isomers of empty
fullerenes, namelyg(In, 7) — E(Dsg, 1) = 0.50 eV for Go, and
E(Dsn, 5) — E(Cyy, 3) = 0.13 eV for Gs. This results in a
differential complexation energy OAEcmpx(SGBN@Cgg) =
—11.1+ 9.57 eV= —1.53 eV. This value is included in Figure

4.

The theoretical result does not agree well with the experi-
mental values, which range from0.3 to+0.1 eV for singly
through triply charged species, with estimated uncertaidt@$é
eV. The theoretical complexation energies listed above refer to
neutral systems, but the computed complexation enétgiés
neutral and singly charged $6@GCg in In symmetry differ by
a mere 0.04 eV, with the ion value being more negative than
the neutral. However, the large complexation energy computed
for the much smaller SB@GCss (see below) suggests that the
experimental result is entirely reasonable.

The next smaller species, St@Crs has not yet been
synthesized. Is it not stabilized as efficiently by the caged
complex? This conclusion would be at variance with our
experimental result (eq 13). However, although a large (nega-

(3) The agreement between our values and the scaled valuediVe) complexation energy favors a large yield in the production
that we derive from measurements by Lifshitz and co-workers Of metallofullerenes, isolation also requires kinetic stability

is quite good.
From eq 5, we compute the differential complexation ener-
gies, AEcmpx(M@C#"). To computeAEcmp(M@C,*) for the

which strongly depends on the electronic structure and, in
particular, the HOMG-LUMO gap. That is, “missing” metallo-
fullerenes do not necessarily have low thermodynamic stability.

metallofullerenes analyzed by Lifshitz and co-workers, we chose Furthermore, the successful purification of the much smaller

their values for the dissociation energies @fCand G,* (open

metallofullerene SIN@CsglC indicates that steric effects do not

diamonds in Figure 3), not ours. This procedure increases thelimit the thermodynamic stability of $h based metallo-

likelihood that any systematic errors will cancel.
The differential complexation energies are summarized in
Figure 4. For SN@GC;¢" and SeN@Ce*t, they are zero

fullerenes fom = 68. In fact, a very recent quantum chemical
study?? shows that the complexation energy ofS@ Ces is as
large as that of SNN@ Cgo. Specifically, referenced to the most

within the experimental error. This means that the caged Stable isomers of & (Ds) and SeN (Dsn), a complexation

complex stabilizes the fullerene ion 4£" or Cg#") as much
as the next smaller fullerene ion{€" or C;¢*") for all charge

energy of—12.08 eV is obtained at the B3LYP/6-31G* level
of theory.

states investigated. Therefore, the complexation energies are

identical within the experimental error of about 0.6 eV:

Ecmplx(M@CBOH) ~ Ecmplx(M@C78H) ~ Ecmplx(M@CmH)
13)

for z= 1 and 2 (andz = 3 for the first part of the equation).

Conclusions

From a measurement of the distribution of the kinetic energy
released upon LJoss from SeN@C*" (n = 78 and 80), we
have deduced the differential complexation energies of these
metallofullerene ions. The values are zero within the estimated

Note, however, that we cannot determine the dependence ofeXPerimental uncertainty of 0.6 eV. This implies that the

the complexation energy on the charge siafsee eq 5).
The result that SN@Cse?™ and SeN@C;¢*" have identical

thermodynamic stabilization of &%, Cz¢#, and G¢*t upon
encapsulation of SBl does not depend on the size of the

thermodynamic stabilities is perhaps not too surprising becausefullerene. The result is unexpected becauseNgCrs and

(neutral) SEN@GCgp as well as SIN@Cyg are both known to
be very stable; they can be isolated in remarkably high y#&lds.
Formally, six electrons are transferred from thgNscore to
the fullerene, thus filling three low-lying orbitals in7g£and
completely filling the HOMO in Go (In).26 Furthermore, this
charge-transfer amplifies the strength of the ionic interaction
within the encapsulated $¢ cluster because the negative charge

SaN@GCgp are known to be dramatically stabilized by the caged
complex; they can be synthesized and isolated with high yield
and purity, whereas isolation of $¢@ C;s has not been reported
so far. However, the importance of kinetic stability for the
purification of metallofullerenes should be kept in mind. Future
measurements of differential complexation energies of smaller
endohedral fullerenes will make it possible to determine the

of the central N atom and the positive charges on the surround-Size at which the large thermodynamic stability of trimetallic

ing Sc atoms increase upon cagig?

For neutral SeN@ Cgo, complexation energies 6f10.72 eV
30and—11.60 eV?¢ have been calculated with density functional
methods for the most stable endohedral isonhesymmetry,
isomer 7). Of particular interest is the work by Poblet and co-
workerg® because they have also compuliggix for SGN@Crg;
the value for the most stable endohedral isoniy; ( isomer

nitride fullerenes collapses due to electronic or steric effects.
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