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So-called “magic numbers” in mass spectra of clusterstemperatures at which they evaporate molecules. This was
have been of interest since the first pioneering days of clustetone by exciting the clusters with a XeCl excimer laser,
research. These are mass peaks that are more prominent thahich has a photon energy well below the ionization poten-
their neighbors due to particularly stable structures. One ofial of the clusters, before the ionization laser was switched
the most famous examples of a “magic number” mass specen. The heating effect can be seen in the remaining mass
trum is the Smalley—Kroto carbon cluster spectrum showingpectra in Fig. 1. The intensity scales are the same for each
practically only G, and Gy. This spectrum led to the sug- spectrum. Clearly all clusters with the exception(6%p);3
gestion of the closed cagelike fullerene structure for theselecrease in intensity. The monomer a(@}y),; peaks be-
species. As was recently shown by Martiat al? it is also  come strongly broadened due to fragmentation into these
possible to obtain mass spectra of clusters of fullerenespecies during acceleration. It is possible to push this evapo-
which show magic numbers. Particularly intense peaks witifation process to such extremes that practically only the
intensities of up to a factor of 2 larger than their immediatemonomer and th&l=13 cluster remain in the mass spectrum
neighbors were reported fd¢=13 and 55. A careful consid- as illustrated in Fig. 2. Since this mass spectrum is formed by
eration of the other strong mass peaks in the spectra led 1arge scale evaporative processes we can estimate the differ-
the conclusion that the clusters had icosahedral symmetr§nces in evaporative activation energy betwé@g),; and
with N=13 forming the first closed shell. In this note we
report on the stability of these fullerene clusters. The stabil-
ity was probed by studying the dependence of the observed
mass spectra on the intensity of a XeCl excimer 13868
nm, 4 eV} which was used to heat the neutral clusters before
single-photon ionization with ajexcimer lasef157 nm, 7.9
eV). The cluster source we use is very similar to that used by
Martin et al? Fullerene vapor is quenched in cold He gas at
a pressure of about 1 torr. Clusters condense out of the
guenched vapor and are transported by the gas stream ] \ML

through a nozzle at a temperature of 80—110 K. They then
cross a differentially pumped region and are subsequently
laser-heated and then ionized in the extraction region of a
linear time-of-flight mass spectrometer and are detected by
dual microchannel plates after acceleration to an energy of 5
keV. The mass spectrum shown at the top of Figwithout
heating is obtained by a direct single-photon ionization of
the clustergIP=7.6 eV for Ggy). The mass distribution is

very smooth with no evidence of magic numbers which in- ]
dicates that the clusters are cold and have not fragmented to 1
any significant extent. The fall in cluster intensity beyond .

N=20 is due to the decreasing detection efficiency and does
not reflect the true intensity. A small dimer signal can be

lon signal (arb.units)

observed in this mass spectrum which enables us to estimate 1

the temperature of the clusters. The cohesion energy of bulk 1 . . ‘ '

Ceo is 1.7 eV The binding energy per nearest neighbor is 20 4'0 6I0 8|0 1(‘)0 1éo
1.7/6 eV=0.28 eV, which then yields a crude estimate of the Flight time (ps)

binding energy of the dime{Cgy),. An upper limit for the

temperature of the dimer can then be obtained by dividingrI1G. 1. Abundance spectra of clusters of pugg for different fluences of

the binding energy by the Gspann paranfetumyield avalue the 308 nm heating XeCl laser and constant pulse energy of the ionizing F

of approximately 130 K which is in good agreement with thelS7 nm Iaser_. The heating Ia_serﬂuence increases from t_op to bottom, thg top
spectrum being recorded with zero fluence. The heating due to multiple

temperature measured at the nozzle. In order to enhan sorption of 157 nm photons is unknown but relatively small. The absolute

“magic” mass peaks it is necessary to heat the clusters tintensity scales are the same for all spectra.
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FIG. 2. Spectrum recorded at high XeCl laser fluence and with a good

overlap of the two lasers. THé=13 peak is the only one which shows such 1
abundance contrasts. TiN=19 appears to saturate at moderate fluences.

The difference betweeN=13 and 14, 15 is estimated to be a factor of 8.

(Cs0)14 by using the observed abundance ratigl ,,=8, ob-
tained from Fig. 2. By applying the results from Ref. 5 to the
average evaporative rate con_stant(iiago)14 a_nd relating j[he _ N =13 19

rates forN=13 and 14 by a simple Arrhenius expression, it . . : . : ' !
is possible to integrate over the time dependent production 20 40 60 80 100

and decay of(Cgp);3 to oObtain the abundance. The result, Flight time (ps)

which holds forl 141,21, is
FIG. 3. Abundance spectra similar to Figs. 1 and 2 of mixed, C;,
C,|Di3—Dyy v clusters. In addition to the very strong and partly unresolMeeL3 peak,
l13=114 @ D—G_ Y= |09 ? ) (1) N=19 is also prominent. The lower spectrum is recorded with a high flu-
14 ence from the XeCl laser. The intensity scales are the same. The strong

whereC. = 1300(8 is the heat Capacity dteo)u G=25is increase in the absolute amount of tie=13 cluster indicates the presence
v 1 . .
the Gspann parameted,, is the evaporative activation en- °f Mgher undetected clusters in the cold spect(top).

ergy of (Cgo)y and y=0.58 is Euler’s constant. We then ob- . _
tain D,3— D1,=0.2D ,,. Hence even a relatively small differ- Financial support from the EU through the HCM Net-
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