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ABSTRACT. _ Interaction of xenon with alkaline-earth cations in Y zeolite supercage was studied
by xenon adsorption and '“Xe NMR experiments. The CaY and the BaY samples were prepared by
exchanging Ca?* and Ba®* into a high-purity NaY zeolite. Xenon adsorption isotherms of these samples
were obtained by using a conventional volumetric gas adsorption apparatus in the range of 260 to 320K
and the chemical shift in the ®Xe NMR spectrum of the adsorbed xenon was measured at 296 K.
The chemical shift against pressure was quantitatively explained assuming that the xenon gas exchanged
very rapidly between various adsorption sites consisting of zeolite-framework surface and alkaline-earth
ion. From this analysis, it was found that the alkaline-earth ion adsorbed xenon more strongly than
Na* ion and zeolite-framework surface. Baring on the difference of the adsorption strength, the number

of the alkaline-earth cations present in the zeolite supercage could be estimated by analyzing the adsorp-
tion isotherm.
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Fig. 1. The framework of faujasite-type zeolite con-
taining (a) sodalite cage, (b) hexagonal prism and (c)
supercage. Vertices represent oxygen bridges bet-
ween silica and alumina tetrahedra. The silica and
aluminum atoms are located at the intersections-of
these vertices.
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Fig. 2. The chemical shift in ®Xe NMR spectrum
of adsorbed xenon on NaY and Pt/NaY plotted agai-
nst pressure at 296 K: NaY(A), Pt/NaY a) experiment
(O) and b) calculated by eq. 2) with the assumption
of rapid xenon exchange between Pt cluster and zeo-
lite surfaces and 8p=1300 ppm ((]).
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Fig. 3. Detailed discription of NMR tube used for
the ®Xe NMR experiment.
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Fig. 4. ™Xe NMR spectra of xenon adsorbed on a)
NaY, b) CaY and c) BaY. All the spectra were obtai-
ned at xenon pressure of 400 torr and 296 K.
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Fig. 5. Xe NMR chemical shift of xenon adsorbed
on NaY (M), CaY (@), and BaY (A) and calculated
chemical shift on CaY (O) and BaY (A).
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Fig. 6. Xenon adsorption isotherms of NaY in the ra-
nge of 273~320 K. These are almost proportional to
the pressure since the adsorption is very weak.
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Fig. 7. Xenon adsorption isotherms of CaY in the ra-
nge of 260~320K.
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Fig. 8. Xenon adsorption isotherms of BaY in the ra-
nge of 260~320 K.

Table 1. Numerical data used in the calculation of
129 e NMR chemical shift for xenon ‘adsorbed on CaY
at 296 K and the result

Pressure/torr  n.,"  7c2+° Mappor”® Oxe-x O

11.24 2334 2005 339 359 1220
39.27 5645 4495 1159 809 1228
151.98 11295 6845 4450 174 1186
29451 15855 7531 8624 249 1166
490.93 22228 7853 14375 342 1182
666.26 27260 7751 19509 420 1213

°in terms of Xe/supercage X 10% #, and fupm were
obtained from the xenon adsorption isotherms at 296
K shown in Fig.7, repectively. *x.-x. was obtained
from 15.4 n.s (Xe/supercage) ppm. ‘8. was calculated
from eq. 3) with 8°.2+ =128 ppm and &%,yen= 60 ppm.
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Table 2. Numerical data used in the calculation of
129¥e NMR chemical shift for xenon adsorbed on BaY
at 296 K and the result

Pressure/torr  #.  7p2+®  Mappord® Oxe-xed  Ouf

4.10 9.14 794 1.20 141 1231

11.39 2185 1851 334 336 1235
34.97 59.81 4957 10.24 9721 128.1
163.77 208.33 16038 4795 32.1 1468
252.30 27178 19790 7388 419 1536
357.70 32769 22295 104.74 505 158.8
456.31 36885 23524 13361 568 1621
601.92 418.13 24188 17625 644 1655

%n terms of Xe/supercageX10% n,, were obtained
from the xenon adsorption isotherms at 296 K shown
in Fig.8; Namm was obtained from 2.93X107° Px.
*8ve—xe Was obtained from 154 n, (Xe/supercage)
ppm. 5.y was calculated from eq. 3) with §%.2+ =131
ppm and 8% = 60 ppm.
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