129 e NMR of Xenon Insidein Cg
M. S. Syamaa, R. J. Cross and M. Saunders
Y ale Chemistry Department
Box 208107, New Haven, CT 06520-8107, USA

For the past several yeas we have developed
methods to put noble gas atoms into full erenes, where
they remain trapped. (1) Whil e there is no chemical bond
between the gas atom and the cabon cage, the aom
cannot escape unless gveral C-C bonds are broken. We
have made *He@Cs, and studied its *He NMR
spedroscopy. (1-3) Because of the “ring currents’ in the
Treledron system, the NMR resonance of *He is shifted
upfield by 6.3 ppm from that in free®*He. Making
derivatives of *He@Cg, changes the T-eledrons and
hencethe chemical shift. The NMR lines are sharp, and
ead derivative gives a separate, well-resolved line.
Making the hexa-anion of Cgq causes the chemicd shift to
go from -6.3 ppm to —48.7 ppm. (4) C; and the higher
fullerenes also give unique and dstinct lines. Good
agreement is obtained with ab initio theoretica
cdculations of the chemical shift. (5) Accordingto the
theory, the ®He is very dightly bound inside the Cg and
eff ectively samples the magnetic field inside without
interading with the Te-electrons of the Cq,.

The only other noble gas isotope with spin %2 and
reasonable natural abundanceis ***Xe. We exped that
129 e@Cso will behave quite differently from *He@Cgo. A
xenon atom fits tightly inside Cg, S0 that the outer
eledrons on the xenon atom interad with the T-eledrons
in Cgo. Making derivatives of Cq, involves changing the
Te-eledron structure and dstorting the Cgo cage. These
changes are expeded to have negligible effeds on the
reaion rates or the equili brium constants if a*He @om s
inside. But, because of the tight fit of a xenon atom, the
rates and equili brium constants might be very different
with a xenon atom inside.

Measuring the NMR spedrum of ***Xe@Cq is
far more difficult than the corresponding experiment with
*He@Cs,. Natural xenon isonly 29% **Xe. Our high-
presaure method d making noble-gas labeled full erenes
gives an incorporation of xenon only athird of that for the
other noble gases. Finally, the gyromagnetic ratio for
129 e is much small er than for *He, and therefore the
sensitivity is much lower. We overcame the first difficulty
by using isotopicaly enriched *2°Xe. We overcame the
seoond by using our new cyanide cdalyzed method,
which increases the incorporation by an order of
magnitude. We increased the sensitivity by separating the
Xe@Cgousing HPLC.

The HPLC separation is similar to the one
previously used for Kr@Cs. (6) Because theinitial
labeled Cgq contains only ~0.3% xenon, it isimpossible to
seethe UV signal from the Xe@Csq, asit elutes from the
chromatograph. We used a mass pedrometer to
determine when the peak eluted. About 800 ug of Xe
labeled Cgo Was injeded into our PYE column in 100 L
of o-dichlorobenzene, and the full erene duting out of the
column between 12 and 16 min was colleded in 8 equal
fradions of 30 sec eab. The fradions were analyzed by
our mass pedrometer for *Xe mntent. It was found that
Xe@Cq eluted from the alumn between 13 min and 15
min. The procedure was repeated with a dil ute sasmple
containing 300 ug of Xe labeled fullerenein 100 L of o-
dichlorobenzene. The fullerene which eluted was

colleaed every 15 sechetween 12.5-145minin 8
fradions. Thisreveded that Xe@Cg, eluted between
13.25 and 1425 min with the pea at 13.8 min.

Werepeaedly injeded the labeled material into
the HPL C and colleded the fradion eluting between 13-
16 min. We combined the fractions, evaporated the
toluene and reinjeded the material. After four rounds of
injedions we obtained 320ug of product that contained
50% X e@Cg. *C NMR of the mixture gave two pesks:
one & 14352, dueto Cgp and one & 144.48 ppm due to
Xe@Csg. Thusthe xenon gves adownfield shift of 0.95
ppm or 192Hz. Using ab initio methods, Buhl et al. (5)
predicted the shift for xenonto be 1 ppm, in very good
agreement with our result.

The e NMR was done on a Varian 800
spedrometer running at a Xe frequency of 221 MHz. The
sample was dislved in a 50-50 mixture of benzene and
benzene-ds, using the deuterium signal as a frequency
lock. The figure shows the spedrum.
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Fig. 1. e NMR of ?*Xe@Cq, (dislved **Xeisthe
reference & 0 ppm).

We find the resonance for 2°X e@Cq, to be —8.89
ppm (upfield) from the resonancefor *** e disolved in
benzene. Biihl et a. (5) cdculated the chemicd shift as
+70 ppm relative to **°Xe gas. Using a caill ary
containing xenon gas, we measured the shift of xenonin
benzene to be +18814 ppm relative to xenon gas. The
chemicd shift of ?°Xe@Cq, relative to ***X e gas based on
our experiment isthen +17924 pm.
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