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base 2i, however, could be formed cleanly without contamination 
by cyclic material (cf. the preparation of 2f). 

Finally, in the parent system 13-m-2d, presumably possessing 
a predominant \2-s-trans conformation 2'd,3-""1,6 the electro-
cyclization process is also operating, albeit to a smaller extent. 
The product obtained upon treatment of 13-c;'s-retinal (2a) with 
n-butylamine contains, besides 8% of a//-frans-retinal Schiff base 
Id, 7% of the corresponding DHP 3d.7'11 Upon heating this 
mixture at 78 0C in C6D6 for 30 min, the composition of the 
mixture changed to a 2:5:3 ratio of 13-ci's-2d, all-trans-XA, and 
DHP-3d. Further heating led to deterioration. No DHP was 
observed with terf-butylamine, only A13 isomerization of the Schiff 
base 2g (initially accompanied by 7% Ig) being observed (a 
mixture containing 13-rfs-2g and all-trans-lg in a ratio of 3:1 was 
obtained after heating in C6D6 at 78 0 C for 30 min). 

Thus, in view of the extensive use of Schiff base models in 
studies of bacteriorhodopsin and related pigments, it is evident 
then that some caution must be exercised in interpreting electronic 
and vibrational data of 13-ds-retinal Schiff base systems because 
of possible DHP contamination. The significance if any of the 
formation of 1,2-dihydropyridines (DHP) or the occurrence of 
other pericyclic processes to the photocycle of bacteriorhodopsin 
or other retinal containing pigments12 is an intriguing question. 
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In the fall of 1985 initial evidence was presented for the for­
mation of a new class of organometallic ions consisting of a single 
metal atom surrounded by a spheroidal cage network of pure 
carbon.1 The new species were made by laser vaporization of 
a LaCl3 impregnated graphite disc in a pulsed nozzle followed 
by intense laser ionization of the neutral clusters in a supersonic 
beam. The most prominent of these species was C60La+. Its 
exceptionally high photophysical stability led to the suggestion 
that the La atom had been trapped inside the closed shell of the 
(putatively) icosahedral carbon cage,2 C60. 

To test this rather controversial3"5 hypothesis, we have per-
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Figure 1. High-order photofragmentation pattern of C60K
+ (top) and 

C60Cs+ (bottom) detected by FT-ICR mass spectrometry. Note the 
CnK

+ fragment series breaks off at 44, while the CnCs+ series terminates 
at 48. The bare Cn

+ clusters seen in the top panel are fragments from 
C64

+ injected into the ICR trap along with C60K
+ providing an internal 

calibration, while in the bottom panel these Cn
+ fragments result from 

C72
+ parent ions. Conditions (top panel): 200 shots at 10 Hz of ArF 

excimer laser radiation (193 nm) at 6 mJ cm"2 shot"1: (bottom panel): 
1600 shots ArF at 3 mJ cm"2 shot"1. During laser excitation the pressure 
in the ICR trap was less than 1 X 10"8 Torr. A few noise spikes have 
been removed to simplify the figure. 

formed extensive photophysical and chemical measurements in 
the magnetic trap of an FT-ICR mass spectrometer. Initial results 
are presented here with more extensive experiments and discussion 
to follow.6 The details of this cluster b e a m / F T - I C R apparatus 
have been presented previously7 as well as several of its early 
applications to metal8 ,9 and semiconductor10 cluster surface 
chemistry. Carbon-meta l cluster ions were prepared in the su­
personic beam by laser-vaporization of a graphite disk impregnated 
with a salt of the desired metal (La, K, Cs). After injection into 
the ICR trap and subsequent thermalization with neon gas,10 the 
only clusters observed in the 300-1500 amu mass range were the 
even-numbered bare carbon clusters, C„+, and the same clusters 
with a single metal atom attached, C n M + . Ample evidence has 
been found for the presence of other, more weakly bound met­
al-carbon clusters in these beams,1 '6 including some containing 
more than one metal atom (e.g., CnK2

+).4 '5 However, these weakly 

(5) Cox, D. M.; Reichmann, K. C; Kaldor, A. J. Chem. Phys. 1988, 88, 
1588. 

(6) O'Brien, S. C; Weiss, F. D.; Alford, M. A.; Elkind, J. L.; Curl, R. F.; 
Smalley, R. E. J. Am. Chem. Soc, to be submitted. 

(7) Alford, J. M.; Williams, P. E.; Trevor, D. J.; Smalley, R. E. Int. J. 
Mass Speclrom. Ion Processes 1986, 72, 33. 

(8) Alford, J. M.; Weiss, F. D.; Laaksonnen, R. T.; Smalley, R. E. J. Phys. 
Chem. 1986, 90, 4480. 

(9) Elkind, J. L.; Weiss, F. D.; Alford, J. M.; Laaksonnen, R. T.; Smalley, 
R. E. J. Chem. Phys. 1988, 88, 5215. 

(10) Elkind, J. L.; Alford, J. M.; Laaksonnen, R. T.; Weiss, F. D.; Smalley, 
R. E. J. Chem. Phys. 1987, 87, 2397. 

© 1988 American Chemical Society 

file:///2-s-trans


J. Am. Chem. Soc. 1988, 110, 4465-4467 4465 

bound species fragmented during the multiple injection/ther-
malization cycles used to fill the ICR cell,9 leaving primarily just 
M+ atoms as the charged fragment. 

In agreement with earlier ICR measurements" on C60
+ and 

the other large even-numbered clusters of carbon, we found no 
reaction of the bare carbon cluster ions with such species as H2, 
O2, NO, and NH3. Similar lack of reactivity was found with the 
C60La+ complex. In agreement with previous photofragmentation 
studies in a tandem time-of-flight (TTOF) apparatus,12 ArF ex-
cimer laser (6.4 eV) irradiation of these bare clusters in the ICR 
trap produced fragmentation only as a result of high order 
multiphoton processes. As expected, the C60M+ clusters were 
nearly as photoresistant as C60

+ itself. 
Extreme photostability of C60

+ and C60M+ was evident from 
the fact that no measurable dissociation occurred for any of these 
trapped clusters with less than 0.5 mJ cm"2 pulse"1 even after over 
30-s irradiation with the ArF excimer laser at 50 Hz. Estimates 
of the absorption cross section of C60 at this wavelength13 indicate 
that the average such cluster absorbs roughly 300 ArF excimer 
photons during this period. Cooling by infrared emission between 
laser shots must therefore be very facile for such clusters. 

However, at sufficiently high ArF excimer laser fluence per 
pulse both C60

+ and the C60M+ complexes did begin to photo-
dissociate. The fluence dependence of this process was roughly 
the same for the metal-containing complexes as measured pre­
viously in the TTOF experiments for the bare clusters.12 For both, 
the primary photoprocess was observed to be C2 loss to form the 
next smaller even-numbered cluster. Increasing either the laser 
pulse energy or the length of time the clusters were irradiated in 
the ICR trap resulted in extensive further dissociation, producing 
successively smaller even-numbered clusters. 

As argued in the earlier TTOF study,12 loss of C2 from a carbon 
cluster is hard to understand unless that cluster is a closed, edgeless 
carbon cage. Otherwise it should lose the much more stable C3. 
The linear chain and monocyclic ring clusters in the 2-30 carbon 
atom range14 are known12'15 to lose C3, and graphitic sheets should 
also lose C3. But for closed cages a concerted C2 loss mechanism 
is likely to be the lowest energy process since only then can the 
next smaller even product form a closed cage.12 The observation 
of C2 rather than M+ loss from C60M+ suggests that the metal 
ion is sterically bound, since a bond between K+ or Cs+ and carbon 
should be much weaker than a carbon-carbon bond. These 
results are then strong evidence that C60M+ clusters are composed 
of closed carbon cages with the metal ion trapped inside. 

The endpoint of the C2 loss process for bare clusters such as 
C60

+ is known12 to be C32
+; it appears to be the smallest viable 

fragment cage. In this regard the corresponding behavior for the 
C60M+ complexes presented in Figure 1 is particularly interesting. 
For potassium-carbon clusters the smallest stable member in the 
even product ions is clearly seen in Figure 1 to be C44K+. For 
cesium the smallest fragment cluster is C48Cs+. These results are 
intriguing since breaks near these cluster sizes are predicted from 
a simple model which places an M+ ion in the center of a closed 
carbon cage, allowing for the known ionic radius of M+, a 1.65 
A van der Waals radius for each carbon atom, and C-C bond 
lengths in the range of 1.4-1.5 A. Similar experiments with 
C60La+ photodissociation show breakoff to occur at C44La+ (or 
possibly C42La+), again nicely in accord with expectations for a 
central La+ ion completely enclosed in an inert carbon cage. 
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The performance of zeolite-supported metal catalysts is known 
to depend upon preparatory treatments.1 Homogeneous and 
reproducible metal dispersion can be achieved only through careful 
control of calcination and reduction conditions, since migration 
and agglomeration of cluster precursors can occur with subsequent 
loss of catalytic activity.2,3 In spite of considerable research,4"9 

the transformations undergone by metal guest species during 
calcination and reduction have not been established, primarily due 
to difficulties in characterizing chemical intermediates which exist 
as cluster precursors. By using the 129Xe NMR spectroscopy 
technique pioneered by Fraissard and co-workers10"13 and applied 
to recent advantage by us and others,14"16 we gain insight into the 
detailed chemistry of metal-zeolite catalyst preparation. We 
report for the first time changes in the chemical environment of 
NaY-supported platinum guest species by monitoring shifts in the 
129Xe resonance signal induced by different chemical and thermal 
treatments. 

Pt-NaY samples containing 15 wt % platinum were prepared 
by introducing the tetraammine salt, Pt(NH3)4

2+, into the zeolite 
lattice via the ion-exchange procedure of Gallezot et al.2 The 
ion-exchanged Pt-NaY samples were dried in a vacuum oven 
overnight at 22 0 C and then calcined in purified flowing oxygen 
at a heating rate of 11 °C/h to maximum temperatures ranging 
from 200 to 400 0C. Upon reaching the upper temperature limit, 
the furnace was turned off, allowing the insulated reactor to cool 
to 40 0 C over a period of many hours. After evacuation for 10 
h at 22 0C, xenon gas was introduced to various equilibrium 
pressures, guided by separate adsorption isotherm experiments. 
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