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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 zeclite. Xenon adsorption isotherms of these samples
were obtained by using a conventionat 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 296K
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
jon. 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.

A)e Y Y29} NaY Algefo]Eo Fatgd
Xe2] 3}EHY o]Fo] Xed Frel adeiy Ao
Z2715Hg ehdcp

1987\d¢l] o2} Fraissard®= NaY #|&-2lol=of -
o2} 7} 4B EFE Foleg ol RIAR
Foll Xeo} #3A o]Fg F34H Xed} ¥=d4 o
24 ®AJsgdch. 2ES Mgt Caft R Ba®* 7}
50% o4 ol EB|EH o]Fo] Ageje|E9
FH A 0] A] Lol FASA =0 Xed] H3}A o] Fe]
AR ez APs oz BR3ctk <] 2
T A So)t e MgV}l CaY A&2eleql 3
felle Xeo] 34 o] Fo] o upebi H2PE
vehjuia #p3kAw BaY A&efo)BEoAe ol
B A2AL vehilA) B3 A olFo]
EEAe 718717 & e Foksta s=0t
EolAEE 7717t AL 4oz F7RIvhs A
olde}. ol (DA Pl Sl SfaiA A= e
A7| e 2%t BEA o} o] HAE ehlle &E
A7kt Ca?*2} Mg?* oj&F°] Na"Be} YA
33 2R FANAL A7) dFel FA g
w2 Xed 3ehd o]F < W27}l H2YE viehd
k3 Ad9ysigdcl 22 o9 AAHY dRL

Joumal of the Korean Chemical Sociely



Ca¥s} BaY #lg=lolE9] Xe F3 9 'PXe NMR 353

Ba?* o]&¢] kR Y Ae}o)E AR fsire
43717t 239k tFohd Nt o]
85 Y AEee)BRRAr $ie} vl 7o)
Folen Pte} Pd ¥ Rud 3L 83 24 =
2o Fej2E(clusten)E FA3Z glve Y M)
o] AlZSEo ML FAHL YAl FRAA o}
12 4% Al 1P B ol I B B - SRR I B 3
A7)zl 1A =i 48 E4 10 wt%)
W Fol Al A& E(Pt/NaY)al 75l Fig.
2as} o] Xeo| A ofF-o} Wil

F 2o Ryoos}t 3% ATFAEL o2y o)
W3 Fe2E o i3 Xed] 73 B3} Xes| o
FFHH 0B RE 7| BuFAS, F, Xed
Algeto|2 Eme) n)sted WF Fel2e] Ede]
AR e 733HA FaAsr] el B ey
olv) Xeo) WF F2|AE Edd Ao x3} F&
sk B34 Fa35 Xee F3 84 s wFel
AA FFHET o] W] fF) 2 WAl %
WA 29 ZE3Knight o1 5)E o}ge Yeh}r)
el A3 E A o] RdFr) o)
EolAe) weby Aol Frde] FA Xed
%ol Aoz golAly o] o} Xed) U =
o2 aldfed zpaby o)fo] HAFS) HA Fo
E74 Sl Zelth o)#HE AL FFHoz (NYe
2 19Y F 2 Mg 24 Xeo] AXE
3 F2 AREE T MY ANHEF A3 29
28] 3 2 3o Jojx] $R)e 2 FeA o]
F 71A) Ate] & MESA ol Fshn v} dhedEia
o3 e Ao FHEge)

8={np/nas)* Spet (ouppon/ 1) * Suppert @

71X SpH Sapems B4 BT Fo)2EG AR
vojx) 3-2e) Fabsio] glE Xed) 313H o) Faln)|
Sac FA 3ol Y AR ATHY, Supors
NaY A g2joje2 e 9L Hurd 24HEe} (D4
3} SUA F4 s Rugm AFug,
1ot Rupers 37 WF Fe)AE9} 2 o2 R
o 35 Xe Y9AE9 Folck Ryoo T np7t
Pt/NaYel 548 #312)7)7] AF Qojale Xe
Fapepe] 2ol o, gt FaM A4 FA
Foll dA)= Xe FAgo| T, ms 2 Ao Ao}

Vol. 36, No. 3, 1992

1200 - .

Chemlical Shift/ppm

1 1 1 1
100 200 300 400
Xenon Pressure / Torr

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 8a=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)
Na¥, b) CaY and ¢) 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), Ca¥Y (@), and BaY (A) and calculated
chemical shift on CaY (O) and Ba¥ (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 260~320K.

Table 1. Numerical data used in the calculation of
12¥e NMR chemical shift for xenon ‘adsorbed on CaY
at 296 K and the resuit

Pressure/torr  na"  Mc2+® Mugper® Oxe-x’ Ot

11.24 2334 2005 339 359 1220
39.27 5645 4495 1159 809 1228
151.98 11295 6845 44350 174 1186
294.51 15855 7531 8624 249 1166
49093 22228 7853 14375 342 1182
666.26 27260 7751 19509 420 1213

“in terms of Xe/supercageX10% ny and My were
obtained from the xenon adsorption isotherms at 296
K shown in Fig. 7, repectively. *dx.-x. was obtained
from 154 n. (Xe/supercage) ppm. ‘8.« was calculated
from eq. 3) with 8%2- =128 ppm and 8%,y =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 o  np2+®  fugped® One-xd B

410 914 794 120 141 1231
1139 2185 1851 334 336 1235
3497 59.81 4957 1024 9721 1281

163.77 20833 160.38 4795 321 1468
252.30 27178 19790 7388 419 1536
357.70 32769 22295 10474 505 1588
456.31 36885 23524 13361 568 1621
601.92 41813 24188 17625 644 1655

sin terms of Xe/supercageX10% n, were obtained
from the xenon adsorption isotherms at 296 K shown
in Fig.8; Naper was obtained from 293X107° Py.
*8x-x. was obtained from 154 n. (Xe/supercage)
ppm. B was calculated from eq. 3) with §%.2+ =131
ppm and 8% = 60 ppm.
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