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ABSTRACT : Three fully dehydrated fully Rb*-exchanged zeolite A single crystals have been
prepared by the reduction of all Na* ions in dehydrated Na..-A by rubidium vapor at various exper-
imental conditions (220 < T < 330, 2 <t < 24 hours, and 0.1 € Pw < 1.1 Torr). Their structures
were determined by single-crystal X-ray diffraction methods in the space group Pm3m (a=12.245
(3) A) at 22(1)C. In these structures 12.6(2) to 13.5(2) Rb species are found per unit cell, more than
the 12 Rb* ions needed to balance the anionic charge of the zeolite framework, indicating that the
sorption of Rb’ has occurred. In each structure, three Rb™ ions per unit cell are located at the cen-
ters of 8-rings. Beyond that, the fractional occupancies observed are simply explained by two unit
cell arrangments. In one, two Rb™ ions are in the sodalite unit near opposite 6-rings, six are in the
large cavity near 6-ring, and one is in the large cavity near a 4-ring. In the other, three Rb species
in the sodalite cavity (forming a triangle 3.7 A on an edge) each bond (3.4 A) through a 6-ring to an
Rb species in the large cavity to give an (Rbe)** cluster of symmetry 3m (Csx). Five additional Rb*
ions fill the remaining large-cavity 6-ring sites.
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placed by Cs” ions when ion-exchange was at-

INTRODUCTION tempted with successive concentrated aqueous

Several researchers have attempted to ex- solutions at 25°C. A higher level of exchange, 60%
change Na™ of zeolite A with other cations. Breck was achieved using higher temperature exchange
(1974) reported that only 45% of the Na* ions in solutions (Breck, 1974). By straightforward ex-
the structure of sodium zeolite A could be re- haustive flow methods of exchange, Cs:Nas-A
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(Vance and Seff, 1975), Cs:/Ks-A (Firor and Seff,
1977a) and CsTl:-A (Subramanian and Seff,1979)
were prepared. Most recently, fully Cs exchanged
zeolite A has been synthesized by the reduction of
all of the Na* ions in Nay-A by cesium vapor
(Heo and Seff, 1987;Heo et al,, 1987). The redox
reaction goes to completion at 350 C with
0.1 Torr of Cs’ to give Csi-A 1/2Cs. In this struc-
ture, each extra Cs atom associates with two or
three Cs™ ions to form linear (Cs;}** or (Cs,)** clus-
ters (Heo and Seff, 1987). These clusters lie on
threefold axes and extend through the centers of
sodalite units.

Rb" ions, like Cs®, are large and monopositi-
ve, and also exchanged only incompletely (about
90%) into zeolite A by flow methods (Firor and
Seff, 1977b; Pluth and Smith, 1983). If completely
Rb"-exchanged zeolite A could be prepared, its
total (exchangable) cationic volume would be lar-
ge, and this might lead to an unusual arrangement
of Rb" ions with interesting chemical properties.
If extra Rb’ atoms were sorbed, they would likely
associate with Rb" ions to form cationic clusters,
as Cs” atoms had with Cs™.

This work was initiated with the hope that
the intrazeolitic redox potential for the reaction

Na;-A + 12Rb(g) —— Rbyu-A + 12Na%(s)
would be positive enough at the conditions em-
ployed to result in complete exchange. The stan-
dard aqueous (non-zeolitic) E° value of the above
reaction is +0.19 v (Weast, 1989/1990a).

EXPERIMENTAL

Single crystals of the synthetic sodium zeolite
4A, stoichiometry of NauSizAl:0s27HO (Na,-A),
were prepared by Charnell’'s method (Charnell,
1971). Each of three single crystals of Na,-A
(each about 0.08mm along an edge) was lodged in
a fine Pyrex capillary on a vacuum line. After
complete dehydration at 360°C and 2% 10°® Torr
for 2 days, rubidium vapor was introduced by
distillation from a side-arm break-seal ampoule
to the glass-tube extension of the crystal-contain-
ing capillary. This glass reaction vessel was then
sealed off under vacuum and placed within two
cylindrical coaxially attached horizontal ovens.
The oven about the crystal was always main-
tained at a higher temperature than that about

the rubidium metal so that rubidium would not
be distilled onto the crystal (Song, 1991).

To prepare the first crystal, Rb(g) at 0.1 Torr
(the vapor pressure of Rb(1) at 2207C) (Weast,
1989/1990b) was allowed to react with Na.-A at
250C for 2 hours. The second crystal was treated
similarly, but for 1 day. The third crystal was tre-
ated most strongly, with 1.1 Torr of Rb(g) (Rb(1)
at 300°C) at 330°C for 24 h. Fach crystal was then
sealed off from its reaction vessel by torch after
cooling to room temperature. Microscopic exami-
nation of all three crystals showed that the origi-
nally colorless dehydrated Na.-A had become
completely black after exposure to rubidium va-
por, probably because of the presence of finely di-
vided sodium metal on their surfaces.

It is expected that the reaction of Rb® with
Na* occurred only at the single-crystal surface of
the zeolite. The kinetic diameter of Rb’ atoms (ca.
52A, estimated as previously described (Kim et
al, 1990) is far too large to allow them to pass
through 8-rings (d ca. 34 A). This phenomenon
was first observed when Cs’ reacted quantitively
with all Ca’* ions in Ca.Ag-A while simultaneo-
usly failing to react with the non-labile Ag" ions
(Kim et al,, 1990).

Diffraction intensities were subsequently col-
lected at 22(1)C. The space group Pm3m (no sys-
tematic absences) was used throughout this work
for reasons discussed previously (Seff, 1976;Seff
and Mellum, 1984). An Enraf-Nonius 4-circle
computer-controlled CAD-4 diffractometer, eq-
uipped with scintillation counter, pulse height an-
alyzer, a PDP micro 11/73 computer, and a gra-
phite monochromator, was used. Molybdenum ra-
diation (Ka, 4=0.70930 A; Ko, A=0.71359A) was
used for all experiments. In each case, the unit
cell parameter, 12.236(3), 12.246(3), and 12.254(3)
A for crystals 1 to 3, respectively, was determined
by a least-squares treatment of 35 intense reflec-
tions ranging from 18° to 25° of 20

For each crystal, reflections from two intensi-
ty-equivalent regions of reciprocal space (hki, h <
k <1and Ik, | < h < k) were examined using the
w-20 scan technique. The data were collected
using variable scan speeds. Most reflections were
observed at slow scan speeds, from 025 to 0.32
deg/min in @ (Schagen, 1988). The intensities of

.three reflections in diverse regions of reciprocal
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space were recorded every three hours to monitor
crystal and instrument stability. Only small, ran-
dom fluctuations of these check reflections were
noted during the course of data collection.

For each region of reciprocal space, the in-
tensities of all lattice points for which 26<70°
were recorded. The raw data from each region
were corrected for Lorentz and polarization ef-
fects including that due to incident beam monoc-
hromatization; the reduced intensities were mer-
ged, and the resultant estimated standard devia-
tions were assigned to each averaged reflection
by the computer programs, PAINT and WEIG-
HT (Frantz and Okaya, 1987). Absorption correc-
tions (2 R=0.38) were judged to be negligible for
all crystals (John and Kathleen, 1974;Kim, 1991).
Of the 869, 872, and 877 pairs of reflections for
crystals | to 3, only the 156, 172, and 140 pairs,
respectively, for which 7> 30(/) were used in sub-
sequent structure determinations.

STRUCTURE DETERMINATION

Crystals 1 (treated with Rb(g) at 0.1
Torr, 250°C, 2 hours)

Full-matrix least-squares refinement was initi-
ated with the atomic parameters of the framework
atoms [(Si, Al), O(1), O(2), and O(3)] of dehydrated
RbyNa-A (Firor and Seff, 1977b). Anisotropic re-
finement of the framework converged to an un-
weighted R, index, (X| Fo- | Fe| | V/3Fo), of 0447 and
a weighted R; index, CW(Fo- | Fc| /2WFH'™, of 0.537.

A subseguent Fourier difference synthesis re-
vealed three large peaks at (00, 0.5, 0.5) of height
29.5(4) e A, (02656, 0.2656, 0.2656) of height 472
(2) eA™, and (0.1034, 0.1034, 0.1034) of height 12.3
(2) eA Anisotropic refinement of the frame-
work atoms and the Rb™ ions at Rb(1), Rb(2), and
Rb(3) (see Table*1.1) converged to Ri=0063 and
R:=0051 with occupancies 3.1(5), 6.82(6), and 2.
16(5), respectively. An ensuing difference Fourier
synthesis revealed a peak of height 1.3(2) eA ® at
(026, 026, 0.5), Rb(4). This peak refined with an
unusually large thermal parameter. Therefore,
the isotropic thermal parameter of Rb(4) was
fixed at the more reasonable value given in Table

I. 1. Allowing all Rb(i), i=1-4 occupancies to
vary except that at Rb(1), which was not permit-
ted to exceed 30 (its maximum occupancy by

symmetry), and allowing all anisotropic thermal
parameters to vary except for that of Rb(4), led to
R, =0052 and R.=0043, with refined occup-
anciesas given in the last column of Table I. 1.

The largest peak on the final difference Fou-
rier function was at (0.25, 025, 025) with heights
of 1.3(4) e A This peak is residual electron den-
sity at Rb(2).

Crystals 2 (treated with 0.1 Torr Rb(g)
250°C, 24 hours)

Using the atomic coordinates from the struc-
ture of crystal 1, simultaneous occupancy, posi-
tional, and thermal parameter refinement was ini-
tiated. Anisotropic refinement of all positions
converged quickly to R,=0066 and R,=0.049.
The number of Rb atoms and ions at Rb(1), Rb
(2), Rb(3), and Rb(4) (see Table II. 2) refined to 3,
7.19(4), 2.51(5), and 0.48(6), respectively. A final di-
fference Fourier synthesis was featureless except
for one insignificant peak at the center of the la-
rge cavity (0.5,0.5, 0.5: density =2.0(7) e A ).

Crystals 3 (treated with 1.1 Torr Rb(g)
330°C, 24 hours)

Full-matrix least-squares refinement was ini-
tiated using the framework atomic parameters
and rubidium positions from crystal 2. It con-
verged to R=0062 and R,=0050. The results of
simultaneous refinement of occupancy, position-
al, and thermal parameters are presented in Table

I. 3. The largest peak in the final difference Fou-
rier synthesis was an insignificant one at the cen-
ter (0.5, 0.5, 0.5) of large cavity. ‘

All shifts in the final cycles of least-squares
refinement for all three crystals were less than 0.1
% of their corresponding standard deviations.

For all structures, the full-matrix least-
squares program used minimized XW(Fy-|F:|¥;
the weight w of an observation was the reciprocal
square of o(F), its standard deviation. Atomic
scattering factors for Rb*, O7, and (Si, A)'™ is
the mean of the S{, Si**, Al', and AF* functions.
All scattering factors were modified to account
for anomalous dispersion (Cromer, 1965;John
and Kathleen, 1974). The final structural parame-
ters and selected interatomic distances and angles
are presented in Tables I and II, respectively.
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Table I. “Positional, Thermal, and Occupancy Parameters
Wyckoff B “Occu-
Atom position X y z or B, A A A A Ao pancy
Crystal 1 (Dehydrated Na.-A Treated with 0.1 Torr Rb Vapor at 250 for 2 h)
(S, AD)  24(k) 0 1834(3) 3716(3)  29(3) 29(3) 11(2) 0 0 86) 4
o) 12(h) 0 2250(10) 5000 12020) 60(10) 30(10) O 0 0 12
o) 12() 0 2935(8) 2935(8) 60(10)  33(7) 33(D 0 0 1002 12
O(3) 24(m) 111%5) 111%(5) 3418(8)  56(5) 56(5) 80(10) 30200  40(1) 401 24
Rb(1) 3(c) 0 5000 5000 91(7) 166(5)  166(5) 0 0 0 3
Rb(2) 8@ 2671(2) 2671(2) 2671(2)  78(1) 78(1) 78(1)  58(4) 58(4) 58(4) 6.72(4)
Rb(3) 8@  1056(7) 1056(7) 1056(7)  93(6) 93(6) 93(6) -30(10) -30(10) -30(10) 225(5)
Rb(4) 12()  2610(50) 2610(50) 5000 10(Fixed) 0.64(6)
Crystal 2 (Dehydrated Nap-A Treated with 0.1 Torr Rb Vapor at 250°C for 2 h)
(S, A)  24(k) 0 1835(4) 3723(2)  21(3) 28(3) 17(3) 0 0 17(6) 24
o) 12(h) 0 2280(10) 5000 70100 70(10) 3(9) 0 0 0 12
o2 121 0 2931(8) 2931(8)  S50(10)  47(7) 47(7) 0 0 10200 12
O(3)  24(m) 1119(5) 110%(5) 3436(8)  55(6) 55(6) 399 10200 10(10) 10100 24
Rb(1) 3(c) 0 5000 5000 81(7) 142(5)  142(5) 0 0 0 3
Rb(2) 8 2675(2) 2675(2) 2675(2) K1) 70(1) (1) 504 50(4) 50(4) 7.19(4)
Rb(3) 8(x) 1087(6) 1087(6) 1087(6) 105(6) 105(6) 105(6) -30(10) -30(10) -30(10)  251(5)
Rb(4) 12()  2610(50) 2610(50) 5000 8(2) 0.48(6)
Crystal 3 (Dehydrated Na.-A Treated with 1.1 Torr Rb Vapor at 330°C for 24 h)
(S, AD  24(k) 0 1836(5) 3728(5)  24(4) 22(4) 17(4) 0 0 15(9) 4
o) 12h) 0 2290(20) 5000 90(20) 50200 20(10) O 0 0 12
o) 120D 0 2930(10) 2930(10) 40(10)  50(10) 50(10) © ] -40(30) 12
O(3) 24(m) 1129(6) 1129(6) 3450(10) 5K7) 5%7) 70(10)  0(20)  40(1) 4(1) 24
Ru(1) 3(c) 0 5000 5000 84(9) 153(7)  153(7) 0 0 0 3
Rb(2) 8 2659(2) 2659(2) 265%2) 75(2) 75(2) 75(2)  57(5) 5%5) 57(5) 7.31(5)
Rb(3) 8 1073(7) 1073(7) 1073(7) 11AT) H27) 1127 20200  20Q0) 20(20)  2.68(6)
Rb(4) 12(j) 2710(80) 2710(80) 5000 10(Fixed) 0.40(8)

“Positional and anisotropic thermal parameters are given X 10. Numbers in parentheses are the esd’s in the units of the
least significant digit given for the corresponding parameter. "The anisotropic temperature factor=exp{ —(Bih*+4k*+
Bal*+Bhk +3shl +4kD]. ‘Occupany factors are given as the number of atoms or ions per unit cell. Occupancies with
e.s.d. ’s were varied in least-squares. ‘Occupancy for(Si)=12:occupancy for (Al)=12

DISCUSSION

All Na” ions in all crystals of the dehydrated
Nay-A studied were reduced by rubidium vapor.
The reaction went to completion with 0.1 Torr of
Rb(g) at 250°C for 2 hours, and at stronger condi-
tions. Rb" ions replaced all Na* ions in the crys-
tal structures, and the product sodium metal was
not found within the zeolite but was seen coating
the external surfaces of the zeolite crystals. In all
structures, Rb* ions are found at four different
crystallographic sites (see Table I). The three
structures differ in small ways, primarily in the

occupancies at Rb(2), Rb(3), and Rb(4).

The product crystals contain more Rb spe-
cies than are required to balance the anionic
charge of the zeolite framework, which is various-
ly estimated to be -11.75 (Blackwell et al., 1985) to
-12 (Seff and Mellum, 1985) per 12248 A unit
cell. Between 12.61(15) and 13.39%(19) Rb atoms or
ions are found (see Table 1), of the order of one
too many. This excess is attributed to rubidium
atom sorption.

In each structure, three Rb" ions at Rb(2) fill
the equipoints of symmetry Cy, (Ds+ in Pm3m) at
the center of the 8-rings (see Figs. 1 and 2), as
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Table II. Selected Interatomic Distances(A) and Angles(deg) for Na,-A Treated with Rb Vapor

Crystal 1 Crystal 2 Crystal 3
(Si, AD) - O(1) 1652(7) 1.655(6) 1.655(8)
(Si, AD) - OQ2) 1.651(9) 1.656(7) 1.660(10)
(Si, AD) - 0(3) 1.666(6) 1.661(6) 1.66%(8)
Rb(1) - O(1) 3.36(2) 3.34(1) 3330020
RiK(1) - OQ2) 35731 3.584(7) 3.592(9)
Rb(2) - O2) 3.30003) 3.306(2) 3291(3)
Rb2) - 0(3) 2.837(5) 2.866(5) 28227
Rb(3) - OQ2) 3488(9) 345%(7) 3473(9)
Rb(3) - O(3) 2.891(9) 2876(9) 2.910(20)
Rb4) - O(1) 3219(8) 322(6) 3350020)
Rb(4) - O(3) 322(3) 323(4) 3.330(60)
Rb(1) - Rb(2) 5.188(1) 5.191(1) 5200040)
Rb(1) - Rb(4) 433(4) 433(5) 4350(70)
Rb(2) - Rb(2) 5699 5694 5.737(60)
Rb(2) - Rb(3) 3427(5) 3.366(4) 3.366(5)
RK3) - RK3) 4478(7) 4613(7) 45547
365(4) 3.766(5) 3.720(30)
o1) - (Si, AD - O(2) 107.46(6) 106.9(6) 1066(7)
Oo(1) - (S, AD - O(3) 111.7(4) 1120(5) 111.7(5)
O(2) - (8i,AD - O(3) 107.6(3) 108.0(3) 107.3(4)
O(3) - (S, AD - O(3) 1106(3) 109.8(3) 112.14)
(Si, AD - O(1) - (Si, AD) 145(2) 142(1) 141.0(10)
(Si, AD - O(2) - (Si, A1) 160.8(5) 161.7(5) 162.5(7)
(Si, AD) - O(3) - (Si, AD) 144.7(5) 1462(5) 144.9(7)
0(3) - Rb(2) - O(3) 89.0(3) 89.4(3) 90.8(3)
0(3) - Rb(3) - O(3) 87002) 88.9(2) 87.3(2)
Rb2) - Rb(3) - Rb(3) 144.7(4) 144.7(5) 144.7(5)

Numbers in parentheses are estimated standard deviations in the least significant digits.

N o
]

—

Fig.1. A stereoview of a large cavity of dehydrated Rb™-exchanged zeolite A exposed to excess Rb(g). About
half of the large cavities have this structure with six Rb* ions at Rb(2), two at Rb(3), and one at Rb(4). Ellipsoids of 20
% probability are used.
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Fig.2. A stereoview of a large cavity of dehydrated Rb*-exchanged zeolite A exposed to excess Rb(g). About
half of the large cavities have this structure with eight Rb" ions at Rb(2) and three at Rb(3). Ellipsoids of 20% proba-

bility are used.

they have in all previously reported structures of
Rb*-exchanged zeolite A (Firor and Seff, 1977;
Pluth and Smith, 1983;Han et al, 1991;Song,
1991). Each Rb(1) cation is 3.34(2) A from four O
(1) oxygens and 3.58(1) A from four O(2)’s (see in-
teratomic distances in Tablell ;for simplicity,
averaged values of geometry from Tables II and
Il are used.). These distances are substantially
longer than the sum of the ionic radii of O and
Rb", 279 A (Weast, 1989/1990c). In all previous
studies of Rb"* in zeolite A, similar long contact
distances were observed for this site (Firor and
Seff, 1977b;Pluth and Smith, 1983;Han et al,
1991 ; Song, 1991). The same is true for Cs* in zeo-
lite A (Vance and Seff, 1975;Firor and Seff,
1977b; Heo and Seff, 1987). This is the favored site
for these large cations in zeolite A.

In the large cavity, ca. 63/4 to 7 1/3 Rb" ions
are found opposite 6-rings at Rb(2) (see Table 1).
In the sodalite unit, ca. 2 1/4 to 2 2/3 Rb’s, resp-

Table ll. Deviations of Atoms(A) from the (111)
Plane at O(3) for Na.-A Treated with Rb Vapor

Crystal 1 Crystal 2 Crystal 3
Rb(2) 1.666(1) 1.675(1) 1.607(2)
Rb(3) -1.757(5) -1.691(4) -1.75%5)
Rbi4) 3218(33) 3228(36) 3.329(58)

A negative deviation indicates that the atom lies on
the same side of the plane as the origin.

ectively, are found opposite 6-rings at Ri3). The
sum of these occupancies therefore ranges from 9.0
to 100 for crystals 1 to 3, more than the usual limit
of eight for 6-ring cations per unit cell (one per 6-
ring). This suggests that some of these rubidium
species are not simply Rb".

Rb(2) is 2.84(1) A from the three O(3) oxygens
of its 6-ring and 165 A from the (111) plane at O
(3). Rb(3) is correspondingly 2.8%(1) A from three
O(3) oxygens and 1.73 A from the (111) plane of
three O(3)’s. Therefore, because there are more
than eight 6-ring Rb species per unit cell, some
very short Rb(2)-Rb(3) distances of 1.65+1.73=3.
38 A must exist.

The fractional occupancies observed at Rb
(2), Rb(3), and Rb(4) are readily explained by
proposing that two types of “unit cells” exist in
these crystals (see Table IV). About 60% of these
unit cells in crystal 1, and about 40% in crystals 2
and 3 have 6 ions at Rb(2), 2 at Rb(3), and 1 at Rb
(4) (see Fig, 1). The ions in these Rby-A unit cells
may be comfortably arranged to avoid unreason-
ably close cation-cation contacts;the “unit cells”
of composition Csz-A in Csps-A (Heo and Seff,
1987) have this structure. The remaining unit
cells, of Rbu-A, have 9 ions at Rb(2) and 3 at Rb
(3) (see Fig. 2). Arguments which follow justifying
these cation arrangements are more often based
upon the 12245 A unit cell with the sodalite unit
at its center (see Fig. 3), where the shortest
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Table 4. Inferred Unit Cell Arrangements for the Three Crystals

Cati Cati Crystal number 1 2and 3
e Fraction with 0% 0% 4% 60%
Arrangememt below: Rbz-A Rb-A Rbu-A Rbi-A
Rb(1) 8-ring 3 3 3 3
Rb(2) 6-ring (large-cavity side) 6 8 6 8
Rb(3) 6-ring (sodalite side) 2 3 2 3
Rb(4) opposite 4-ring 1 0 1 0

* most mild (identical) conditions of synthesis were used.

® more strenuous (various) synthesis conditions were used.

° number of rubidiums per unit cell.

Fig.3. A stereoview of about half of the sodalite cavities in dehydrated Rb"-exchanged zeolite A exposed to ex-
cess Rb(g). Each Rb(3) of the central triangle of the cluster interacts further with an Rb(2) to form the complete(Rbs)*

cluster. Ellipsoids of 20% probability are used.

Rb-Rb distances occur, rather than the unit cell
shown in Figs. 1 and 2.

Sodalite units with three Rb(3)’s in them
must have Rb(3)-Rb(3) distances of 2.63 or 371
A, or both. (Those with only two Rb{(3)s may
have 4.55 A distances;see Table II). The shorter
distance is impossibly short, even less than the
sum of the cationic radii of two Rb* ions, 294 A
(Weast, 1989/1990c), and cannot be tolerated. To
avoid it, the three Rb(3)’s must form an equilater-
al triangle with 371 A distances (see Fig. 3).
These distances are still quite short, as compared
to the bond length in Rb metal, 495 A (Weast,
1989/1990d) and this indicates that the electrons
of the sorbed Rb atoms are at least partly deloca-
lized over these three Rb(3) cations.

About half of the sodalite cavities have eight

Rb(2) jons associated with their 6-rings on their
large-cavity sides. These eight are better associat-
ed with sodalite units containing the Rb(3) trian-
gle, to allow further electron delocalization, than
with sodalite units which contain two Rb(3) cati-
ons, where the very short 3.38 A approaches be-
tween Rb(2) and Rb(3) would be naked, that is,
unameliorated by excess (bonding) electron den-
sity. It follows that this sodalite unit has, associat-
ed with its 6-rings, eleven (3+8) Rb species, nine
of which may be counted as Rb" (to balance
framework charge) and two as Rb’. The two elec-
trons from these two Rb"s per sodalite unit must
be delocalized over the shortest Rb-Rb contacts
in the structure, those among the three Rb(3)’s in
the sodalite cavity and the three Rb(2)'s (of the
eight in the large cavities adjacent to the sodalite
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Fig.4. The (Rb)*" cluster. It has 3m (C,) symme-
try. An Rb(2)-R&(3) bond makes an angle of 160.53°
(by symmetry) with the central Rb3) plane. Ellipsoids
of 20% probability are used.

unit) nearest to these Rb(3)’s, to give the (Rbs)**
cluster shown in Figs. 3 and 4.

The ion at Rb(4) lies opposite a 4-ring. This
Rb™ ion is rather far from the framework oxygens
(3.3 A from O(1) and O(3)) perhaps because of re-
pulsive interactions with Rb* ions on the soda-
lite-unit sides of adjacent 6-rings. This distance
may be virtual, a bit too long;this particular 4-
ring may be distorted from the mean 4-ring geom-
etry due to the presence of its Rb* ion. It is clear
by its low occupancy that Rb(4) is energetically
the least favorable Rb" site.

Because some sodalite units must have at
least three Rb species, the only alternative struc-
ture to consider is one with four Rb(3)’s arranged
tetrahedrally and coordinated to Rb(2)’s so as to
give a highly symmetric (Rbs)* cluster in some of
its sodalite units. This~may be viewed as the
model proposed (see Table I} with an Rb(3) ion
subtracted from the Rbe-A unit cell (leaving one
Rb(3) behind) and added to Rby-A (to increase
three to four). This is unacceptable because the
sodalite cavity without the cluster would then

have its Rb" ions arranged unreasonably, one op-
posite a 4-ring while a Rb(3) site (preferred) re-
mained available.

An excess absorption of about one-half Cs
atom per unit cell was noted in the corresponding
Cs work, and this was attributed to cationic
crowding (Heo and Seff, 1987;Heo, 1987). This
crowding is also important in fully dehydrated,
fully Rb™-exchanged zeolite A:hence the sorp-
tion of an excess Rb atom per unit cell. However,
the nature of the cationic cluster is somewhat dif-
ferent, clearly because the smaller sizes of Rb*
and Rb’ have allowed one more Rb to fit into the
sodalite cavity.
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