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The crystal structure of dehydrated Rb*-exchanged zeolite X, stoichiometry RbyNay-X (Rb;Nay SijgnAly;Osg)
per unit cell, has been determined from single-crystal X-ray diffraction data gathered by counter methods. The

structure was solved and refined in the cubic space group Fd3, a=25.007(3)

at 21(1} °C. The crystal was pre-

pared by ion exchange in a flowing stream using a 0.05 M aqueous RbOH solution (pH=12.7). The crystal
was then dehydrated a1 360 "C and 2x 10 ° torr for two days. The structure was refined to the final error in-
dices, Ry=0.047 and R,=0.040 with 239 reflections for which I>3c(f). In this structure, 71 Rb* ions per unit
cell are found at six different crystallographic sites and 21 Na® ions per unit ceil are found at two different
crystallographic sites. Four and a half Rb* ions are located at site I, the center of the hexagonal prism. Nine
Rb* ions are found at site I' in the sodalite cavity (Rb-0=2.910(15) A and O-Rb-0=78.1 (4)"). Eighteen Rb*
ions arc found at site Il in the supercage (Rb-O0=2.789(9) A and )-Rb-0=92.1(4)"). Twa and a half Rb* ions,
which lie at site 1I', are recessed ca. 2.07 A into the sodalite cavity from their three O(2) oxygen planes (Rb-O=
3.105(37) A and O-Rb-0=80.6(5)"). Thirty-two Rb* ions are found at site III deep in the supercage (Rb-O=
2.918(12) A and O-Rb-0=71.9(4)"), and five Rb* ions are found at site HI' Seven Na* ions also lic at site .
Fourteen Na’ ions are found at sitc I in the supercage (Na-0=2.350(19) A and O-Na-O=117.5(6)").



Structure of Rb;NaySiipnAle;Ohy

Introduction

Many structural investigations have been devoted to the
characterizations of cation distributions in faujasite-type
zeolites. Most of these studies have beem summarized by
Mortier.! Alkali-metal cations other than sodium ions are of
interest for use in catalysis and sorption. The crystal struc-
ture of hydrated sodium zeolite X was determined by Brous-
sard and Shoemaker® using powder X-ray diffraction tech-
niques. It was reinvestigated by Olson using single-crystal
X-ray diffraction techniques.’

Recently, only a few studies of dehydrated group I cation
exchanged zeolite X have been done.™ The structures of
dehydrated Nag-X", fully dehydrated K'-exchanged zeolite X,
Key-X’, and Tl'-exchanged zeolite X, Tly-X°, were det-
ermined. In the structure of Nag-X,* all eighty-eight Na* ions
were Jocated at seven crystallographically non-equivalent sites
(a large number) as described in Table 1. In the structure of
dehydrated K'-exchanged zeolite X,’ about 88 (insignificantly
less than all 92) K* ions were located at four sites as des-
cribed in Table 1. Takaishi has proposed a comprehensive ex-
planauon of the cation distribution in Nag- -X* based Si/Al ord-
ering,’ * In the structure of Tlo,-X,® TI" jons are found at four
different crystallographic sites, no TI* ions occupy site [; they
remain empty. Smolin ef al.’ successfully synthesized and det-
ermined dehydrated partially K-, Cs-exchanged zeolite X, but
dehydrated partially Rb™exchanged zeolite X crystal was des-
troyed and could not determined its structure.

This work was initiated to investigate the cation positions
in the crystal structure of the dehydrated fully Rb'-ex-
changed zeolite X. If fully Rb'-exchanged zeolite X could
not be obtained, the structural basis of limit would be seen
and the site selectivities for two ions (Rb* and Na* ion) of
different ionic radii would be learned.

Experimental Section

Large single crystal of sodium zeolite X, stmchlomctry
NagSijngAlyOs, Were prepared in St. Petersburg, Russia.'®
One of these, a colorless octahedron about 0.25 mm in
cross-section was lodged in a fine Pyrex capillary. Ton ex-
change was performed by the flow method: 0.05 M aque-
ous RbOH solution {(Aldrich, 99.9%) was allowed to flow
past the crystal at a velocity of approximately 0.5 cmy/s for 3
days at 25 °C. Then the crystal was dehydrated at 360 °C
and 2Xx 10° torr for 48 h. The resulting colorless crystal
was sealed off, under vacuum in its capillary, from the reac-
tion vessel by torch after enoling to 25 °C.

The space group Fd3 was used throughout this work."
This choice is supported by (a) the low Si/Al ratio which in
turn requires, at least in short range, alteration of Si and Al
and (b) the cobservation that this crystal, like all other cry-
stals from the same batch, does not have intensity sym-
metry across (110} and therefore lacks that mirror plane.
Diffraction data were collected with an automated Enraf-
Nonius four-circle computer-controlled CAD-4 dif-
fractometer equipped with a pulse-height analyzer and a gra-
phite monochromator, using Mo Ka radiation (Ko, A=
0.70930 A, Ko, A=0.71359 A). The unit cell constant at
21(1) °C determined by least-squares refinement of 25 in-
tense reflections for which 14°<20<24° is a=25.007(3) A
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The ®-28 scan technique was used. The data were col-
lected using variable scan speeds. Most reflections were ob-
served at slow scan speeds, ranging between (.24 and (1.34
deg min~' in ®. The intensities of three reflections in
diverse regions of reciprocal space were recorded every 3h
to monitor crystal and instrument stability. Only small ran-
dom fluctuations of these check reflections were noted dur-
ing the course of data collection. All unique reflections in
the positive octant of an F-centered unit cell of which 20«
50°, I>h and k>h were examined by counter methods.

The raw data were corrected for Lorentz and polarization
effects including incident beam monochromatization, and
the resultant estimated standard deviations were assigned to
each reflection by the computer programs GENESIS and
BEGIN." Of the 1407 unique reflections measured for Nay,-
Rb,-X, only the 239 reflections for which I>30(l) were
used in subsequent structure determinations.

Structure Determination

Full-matrix least-squares refinement was initiated with the
atomic parameters of the framework atoms [Si, Al, O(1), O
(2), O(3), and O(4)] of Tl,-X®. This model converged with
an R, index, Z(lF |F. ||)/ZF°, of 0.38 and a weighted R, in-
dex, (EW(F, — [FY/EwE,})'?, of 0.41.

A difference Fourier function revealed two large peaks at
{0.125, 0.125, 0.4139) and (0.0, 0.0, 0.0) with heights of 6.9
and 6.2 ¢A °, respectively. Isotropic refinement including
these as Rb" ions at Rb(5) and Na* ions at Na(l) converged
to R;=0.25 and R,=0.27. The occupancy at Na(l) refined to
25.0(2). This is a 16-fold position and indicates that some
Rb* ions also occupy at this side, A subsequent difference
Fourier synthesis revealed a peak at Rb(4), (0.25, 0.25, 0.25)
of height 8.1 ¢A™>. Isotropic refinement of the framework a-
toms, Rb(5), Na(1), and Rb{4) (see Table 2) converged to R,
=0.16 and R,=0.18.

A subsequent difference Fourier synthesis showed a pcak
at Rb(2), (0.080, 0.080, 0.080), with peak height 6.0 eA™
and a Xeak at Na(2), (0.227, 0.227, 0.227), with peak height
2.2 eA™’. Simultaneous refinement of positional and iso-
tropic thermal parameters for the framework atoms, Na'
ions at Na(1) and Na(2), and Rb* ions at Rb(2), converged
to the error indices R,=0.094 and R,=0.090.

It is not difficult to distinguish Na* from Rb" ions for sev-
eral reasons. Firstly, their atomic scattering factors are quite
different, 10 ¢~ for Na’ vs 36 e for Rb'. Secondly, their
fonic radii are different, Na'=0.95 A and Rb'=1.48 A" Fi-
nally, the requirement that the cationic charges sum to +92
per unit cell does not allow the major positions to refine to
acceptable occupancies with an alternative assignment of
ionic identities.

The Rb* ion at site I' (Rb(2)) is only 3.48(1) A from site .
By the low occupancy at site I, it appears that this short int-
ercation distance should be avoided. If a D6R has either Na*
or Rb" in it, then two adjacent sites I' are unoccupied. If a D
6R does not contain any cation, then two Rb™ ions lie out-
side at I sites. The occupancy number at Rb(2) was refined
to ca. 9.0. The occupancy at site I Na* ions was refined to
25.0(2) Na' ion, although the number of ions at this position
can not be exceeded 11.5 (16.0-9/2=11.5) (for Na-X, K-X,
Ti-X, and the most of divalent cation exchanged zeolite X,
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Table 1. Distribution of cations over sites

Site I I' mn r I [r
Maximum occupancy” 16 32 32 32 48 96"
Nag-X* 2.9(5) 21.1(19), 8.0(19) 31.0(3) 10.6(10), 10.6(1Q), 8.6(10)
K,-Xd 15.3(5) 12.5(8) 20.1(7) 21.2(10) 8.6(18)
Rb;,Na,,-X’ 4.5(2)Rb*, 7.0(2)Na" 8.9(2)Rb’ 17.7(2)Rb", 12.7(T)Na” 2.6(2)Rb" 32.9(3)Rb" 5.2(3)Rb’
Tl X' 31.8(4) 32.1(4) 16.3(5), 10.6(6)
Mg, X* 14.7(7) 4.2(11) 28.2(11)
Cag-X 16.3(5) 31.3(7)
Bay, X* 13.6(1) 1.6(2) 28.9(2)
Cd,6-X" 16.6(2) 205(2)
CdysTly-X" 14.6(7) Cd* 10.8(9)Cd™, 21.1(4)TY 18.1¢4) TI*

“Jons per unit cell. “Due to crowding, all 96 sites may not be available. ‘Ref. 4. “Ref. 5. “Ref. This work. ‘Ref. &. ‘Ref. 23. "Ref. 20.

cationic sites of I and I' are fully filled; 1+ —12: =16 (see Table

1)). Considering the relative scattering power of Na* and Rb”,
this indicates that some Rb* ions occupy this positions. So
they are refined with identical positional parameters with the
constraint in leasi-squares that the total number be 11.5. The
occupancy numbers at Rb(1), Rb(2) and Na(1) refined to 4.
5(2), 8.9(2), and 7.0(2), respectively.

A subsequent difference Fourier synthesis revealed two
peaks at Rb(3), (0.167, 0.167, (1.167), with peak height 1.6
eA ’  and Rb(6), (0.042, 0.060, 0.442) with peak height 1.3
eA *. These peaks were stable in lcast-squares refinement.

Simultaneous refinement of positional and isotropic ther-
mal parameters with varied occupancy numbers converged
to the error indices R,=0.079 and R,=0.068. Anisotropic re-
finement of the framework atoms, Rb(1), Rb(2), Rb(3), Rb
(4), Rb(5) and Na(1), and isotropic refinement of Rb(t) and
Na(2), converged to R,=(}.047 and R,=0.040 (see Table 1).

The intercation distance between Rb(4) and Na(2) at the
same threefold axis is 1.17(1) A. This is too close for ion to
ion distance. Therefore these cations must occupy different
threefold axes. The sum of the occupancy numbers at Rb(4}

and Na(2) was fixed at 32.0, the maximum value at these
sites. The occupancy numbers at Rb(1), Rb(2), Rb(3), Rb(4),
Rb(5), Rb{6), Na(1) and Rb(6) were fixed as shown in Table
1. The final crror indices converged to R,=(L047 and R,=
0.040. The final difference Fourier function was fcatureless.

Atomic scattering factors for Si, Al, O , Rb” and Na'
were used."" All scattering fac(ors were modlﬁcd to ac-
count for anomalous dispersion.' The final structural paramet-
ers and selected interatomic distances and angles are present-
ed in Tables 2 and 3, respectively.

Discussion

Zeolite X is a synthetic counterpart of the naturally oc-
curring mineral faujasite. The 14-hedron with 24 vertices
known as the sodalite cavity or f-cage may be viewed as
the principal building block of the aluminosilicate frame-
work of the zeolite {(see Figurc 1). These B-cages are con-
nected tetrahedral at six-rings by bridging oxygens to give
double six-rings (D6R's, hexagonal prisms), and, con-
comitantly, to give an interconnected set of even larger cav-
ities (supercages) accessible in three dimensions through 12-

Table 2. Positional, thermal, and occupancy parametersa for dehydrated Rb;,Na,,-X

Wyc. i "U,, or ‘Occupancy
Atom Pos. X Y ‘ Uy Uss U U U Varied  Fixed
Si Oh(g) -540(2) 343(2) 1239(3) 158(27) 118(26)  41(23)  23(29) -0(43) - 1(39) 9%
Al 06(g)  S47(2) 12293)  360(2) 13428)  1@24) TI26)  14(42)  1(29) - 33(40) 9%
O(1}) 06(g) — 1080(4) 9(6) 1115(5) 36(79)  S553(BY)  224(98) 1(73) - 15(56) - 142(56) 96
O2)  96(g)  636) -S56(6) 1424(4) 182(73) 312(77) 149(81) 180(69) 136(71) - 121(76) 96
O(3)  96(g) -3514) 667(S) 704(5) 377(92) 10581)  474)  15(75) 111(75)  20(66) 9%
O@)  96(z)  683@) 753(5) 1722(5) 63(75) 136(75) 159(73) - 117(78) 4776y 9(60) 96
Rb(1)  16(c) 0 0 0 321(53) 321(53) 321(53) 103(72) 103(72) 103(72)  45(2) 45

Rb{2) 32(e) 801(4) R0i(4y BO1(4) 717(61) N17(61) 717(61) --8K74) 8&N74) BI(74) 89(2) 9.0

Rb(3)  32(c)
Rb(4)  32(e)

1704(20) 170420y 1704(20) 648(145) 648(145) 648(145) 667(191) 667(191) 667(191)
2539(2) 2539(2) 253%(2) 355(17) 3S5(17) 355(17)  BR(2T)  88(27)  88(27) 17.72) 180

2.6(2) 25

Rb(5)  48(g) 1250 1250 4127(2) 1151(53) 1035(51) 204(31) --451(48) 0 0 3293) 320
Rb(6)  96(g)  S10(27) 556(27) 4320(22) 811(190) 52(3) 50
Na(l)  16(c) 0 0 0 321(53) 321(53) 321(53) 103(72) 103(72) 103(72) 7.0(2) 7.0
Na2)  32(c) 2268(7) 2268(7) 2268(7) 279(101) 12777 140

*a=25.043(1) A, spacc group Fdi, origin at center of symmetry. Positional and anisotropic thermal parameters are given X 10°. Numbers
in parenthescs are the esd's in the units of the least significant digit given for the corresponding parameter. "The anisotropic temperature
factor=exp[( - 2/ @YU, '+ Uk +U (P + U\ ikt Uy k1 UskD)] . “Occupancy factars are given as the number of atoms or ions per unit cell.
o 1

Ui, =(B,/81°).
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Figure 1. Framework structure of zeolite X. Near the center of
the each line segment is an oxygen atom. The different oxygen a-
toms are indicated by number q to 4. Silicon and aluminum a-
toms alternate at the tetrahedral intexsection, except that Si sub-
stitutes for about 4% of the Al's. Extraframework cation po-
sitions are labeled with Roman numerals.

ring (24-membered) windows. The Si and Al atoms occupy
the vertices of these polyhedra. The oxygen atoms lie ap-
proximately half-way between each pair of Si and Al atoms,
but are displaced from those points to give near tetrahedral
angles about Si and Al

Exchangeable cations, which balance the negative charge
of the aluminosilicate framework, are found within the
zeolite's cavities. They are usually found at the following
sites shown in Figure 1: site I at the center of a D6R
{(alternatively called the hexagonal prism), site I' in the so-
dalite () cavity on the opposite side of one of the D6R's
six-rings from site I, II' inside the sodalite cavity near a sin-
gle six-ring (S6R entrance to the supercage, II in the su-
percage adjacent to a S6R, III in the supercage opposite a
four-ring between twa 12-rings, and III' somewhat off III
(off the twofold axis)."™"

In this structure, seventy-one Rb' ions are found at six
different crystallographic sites and twenty-one Na' jons are
found two different crystallographic sites. Four and a haif
Rb* ions at Rb(1) and seven Na' ions at Na(1) lie at site I
in the center of a D6R (see Figure 2). Each Rb" ion at Rb(1)
(or each Na' ion at Na(1)) is coordinated by the six O(3)
oxygen atoms of its D6R at distance of 2.578(12) A, which
is shorter than the sum of the ionic radii of Rb* and 07",
1.48+1,32=2.80 A and longer than the sum of the ionic ra-
dii of Na* and O% , 0.97+1.32=2.29 A" The actual O(3)

Figure 2. A stereoview of a D6R in dehydrated RbyNay-X.
One Rb* ion at Rh(1) (site 1) is shown. Ellipsoids of 20% pro-
bability are shown.
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Figure 3. A stercoview of a D6R in dehydrated Rb;Nay-X.
One Na' ion at Na(1) (site ) is shown. Ellipsoids of 20% pro-
bability are shown.

coordinates in a Rb* containing D6R must be somewhat dif-
ferent from those in a Na' containing D6R and this must
lead to inaccuracies in both Na(1)-O(3) and Rb(1)-O(3)
bond lengths. The former are likely to be shorter than the
distance reported in Table 3 and the latter longer. The dis-
tances of Rb* to framework oxygens are similar distance
between Rb® and framework oxygen (2.61(1) A) in the
structure of Rb,,Na,-A."” In the hydrated RbNaX,” Rb* ions
were found at site I. In this present dehydrated RbNaX,
four and a half Rb* ions were also found at site I.

The Rb(2) position is at site I', on the threefold axis in
the sodalite unit opposite D6Rs (see Figure 4) This is 32-
fold position, but it is occupied by only nine Rb' ions.
Each Rb" ion lies relatively far inside the sodalite cavity, 1.
99 A from the plane of the three O(3) framework oxygens
of the D6R which it is bound. The Rb(2)-O(3) distance is 2.
910 (15) A, longer than the sum of the corresponding ionic
radii, 1.48+1.32=2.80 A. This indicates that Rb* ions coor-
dinate weakly to their three O(3) oxygens.

Table 3. Selected interatomic distance (A) and angles (deg)

Si-O(1) 1617(12)  O(1)-ALO(2) 108.9(7)
$i-0(2) 1.624(14)  O(1)}-Al-O(3) 108.9(6)
Si-0(3) 1.634(13)  O(1)-Al-0(4) 109.1(6)
Si-0(4) 1.623(14)  0O(2)-Al-0(3) 110.0(6)
Al-0(1) 1.734(14)  O(2)-Al-O(4) 108.0(7)
ALO(Q2) L6915}  O(3)-Al-0(4) 111.8(6)
Al-O(3) L71%(14)  Si-O(1)-Al 127.78)
ALO(4) 1.702(14)  Si-O(2)-Al 145.4(7)
Rb(1)-0(3)  2.578(12)  Si-O(3)-Al 137.1(8)
Rb(2)-0(3)  291(15)  Si-O(4)-Al 153.5(8)
Rb(3-0(2)  3.105(37) OQG)Rb(1)-0(3)  90.6(4)
Rb(4)-0(2)  2.7899)  O@3)Rb2-0(3)  78.1(4)
Rb(5}-0(4)  2918(12)  O(2)-Rb(3)}-0(2)  80.56(5)
Rb(6)-O(1)  3.050(63) O()-Rb(d)-0(2)  92.1(4)
Rb(6)-0(4)  2960(57) O@)-Rb(5}-0(4)  719(4)
Na(1)-0(3)  2.578(12)  O(1)}RbL(6)-O@)  54.0(6)
Na(2}-0(2)  2.350(19)  O@3)-Na(1)-0(3)  90.6(4)
0(2)Na(2)-02)  117.5(6)
O(1)-Si-0(2)  110.4(7)
0(1)-Si-0(3)  110.0(7)
0(1)-Si-0(4)  106.6(7)
0)Si-03) 77505
0(2)-Si-0(4)  109.7(7)
O(3)Si-0[)  111.1(7)

Numbers in parentheses are estimated standard deviations in least
significant digit given for the corresponding values.
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Figure 4. A stereoview of a sodalite cavity with an attached D
6R in dchydrated Rb;Na,.-X. Onc Rb’ ion at Rb(2) (site I') and
two Rb' ions at Rb(4) (site II) and two Na’ ions at Na(2) (sitc II)
arc shown. About 75% of the sodalite cavitics may have this ar-
rangement. Ellipsoids of 20% probability are shown.

Figure 5. A stercoview of a sodalite cavity with an attached D
6R in dehydrated Na, Rb,-X. One Rb* ion at Rb(2) (site I') and
one Rb" jon at Rb(3) (site II') and two Rb’ ions at Rb(4) (site 11)
and one Na’ ion at Na(2) (site 11) are shown. About 25% of the
sodalite cavities may have this arrangement. Ellipsoids of 20%
probability are shown.

Two and a half Rb" ions lic at Rb(3). Rb(3) is reccssed
ca. 2.06(2) A into sodalite cavity from the S6R plane at O
(2) (see Figure 5 and Table 4). Each of these Rb” ions coor-
dinates to three O(2) oxygens at 3.11 A Rb(4) is recessed
ca 1.55(1) A into the supercage from the S6R plane at O(2)
and Na(2) is recessed ca (.38(1) A into the supercage from
the S6R plane at O(2) (see Figure 6, Table 4). Eighteen Rb’
ions lie at Rb(4) (site 1I). The Rb{4)-O(2) distancc, 2.789(9)
A, is almost the same as the sum of ionic radii of Rb* and
O, 1.48+1.32=2.80 A.

Thirty-two Rb”™ ions at Rb(5) per unit cell (4 per su-
percage) occupy the 48-fold position at site III in the su-
percages (see Figure 6). The Rb(5)-0(4) distance is 2.918
(12) A. Fivc Rb* ions at Rb(6) per unit cell tic in the su-

Figure 6. A stereoview of supercage of dehydrated Rb;Nay-X.
Two Rb’ jons at Rb{4) (site H) and two Na® jons at Na(2) (site 11)
and four Rb’ ions at Rb(5) (site 111) and one Rb" ion at Rb(6)
{site TII') are shown. About 75% of the supercages have this ar-
rangement. Ellipsoids of 20% probability are shown.
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Table 4. Deviations (A) of atoms from the 6-ring oxygen
planes

Dehydrated Rb, Na,-X

at O(2)' Rb(3) 2.26(1)
Rb(4) 1.60(1)
Na(2) 0.34(1)
at O3y Rb(2) 1.99(1)

“A positive deviation indicates that the atom lies in the supercage.

"A positive deviation indicates that the atom lies in the sodalitc
cavity.

percage at site IIF. The ions at Rb(6) bind to six framework
oxygens (1o two O(4)s at 2.96(6) A and to four O(1)'s at
3.05(6) A) (sce Figure 6 and Table 3).

The Na(2) and Rb(4) occupy site II in the supercage with
occuancies of 14 and 18, respectively, filling this 32-fold e-
quipoint. Na(2)-O(2) is 2.350(19) A, which is a little longer
than the sum of the ionic radii of Na* and O° |, 0.97+1.32=
229 A, and O(2)-Na(2)-O2) is 117.5(6)"; Rb(4)-0(2) is
2.79 A which is almost the same as the sum of the ionic ra-
dii of Rb* and O° ", 2.80 A, and O(2)-Rb(4)-0(2) is 92.1(4).
The 14 Na® ions at Na(2) are only (.34 A from the plane of
the single six-ring; 18 Rb* ions at Rb(4) are much further,
1.66 A from the corresponding plane. Plausible ionic ar-
rangements for a sodalite unit and a supercage are shown in
Figures 4, 5, and 6.

Recently the crystal structures of dehydrated Ko-X.” Tl
X" Cdg- X, Sty X, Mng,-X,” Mgy -X," Bag-X,” and
Ca.';ngg'X,zd have been determined. The divalent cations,
Ca”, Cd™, Sr*, and Mn® ions arc located at two different
sites of high occupancies: sixteen at site I and thirty at site
II. In the crystal structures of the Ba,,-X and MgM-X,a" Ba*
and Mg™ ions are located at the three different sites; four-
teen at site 1, two at site I', and 30 at site II. In the crystal
structure of CayKye-X, smaller Ca™ ions occupy the smaller
pore site (16 at sitc I and 16 at sitc [1) and larger K* ions
occupy deep in the supercage (16 at sites [1 and 12 at IIT).
In the crystal structure Tly,-X.* ninety-two TV ions are dis-
tributed in the four different crystallographic site; 32 at site
F, 32 at site II, about 16 at III' site, and the remainder
(about 12) at another III' site.

Koller et al** studied the location of Na* and Cs* cations
inside the dehydrated CsyNa,«-Y by solid state Na and
'"“Cs nuclear magnetic resonance (NMR) spectroscopy and
Rietveld method. They found Na® cations at site I are re-
placed by Cs” cations at high ccsium cxchange level. Upon
increasing the calcination temperature of the Cs,Na,-Y
from 473 to 773 K, further migration of Cs* and Na® to site
1 is observed. Even though the ‘ionic radius of Cs* is 1.67 A,
Cs” ion can occupy at sitc I Their results are in good agree-

Table 5. Distribution of nonframework atoms over sites

Site

| 4.5 Rb, 7.0 Na
r 9.0 Rb

I 18.0 Rb, 14.0 Na
Ir 2.5 Rb

m 320 Rb

Ir 8.0 Rb
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ment with the present work.

In this work, fully Rb'-exchanged zeolite X was not suc-
cesstully prepared. Seventy-one Rb" ions and 21 Na' ions
are distribuled in the seven different crystallographic sites;
four and a half Rb" ions and seven Na® ions at site I, nine
Rb* ions at site I', 18 Rb’ ions at site 11, two and a haif Rb’
ions and 14 Na’ ions at site II', 32 Rb* ions at site I1I, and
five Rb’ ions at site III'.
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The oxidation product bis(2-oxo-3#-1,3,4-thiadiazolidinyl)-5,5-disulfide (5b) was obtained from an attempted
synthesis of S-thioxo-3f ,4H-1,3.4-thiadiazolidin-2-one (1). Spectroscopic results indicate that the most stable
tautomeric form of 1 is the lactam-thiol form (1b). Thc computed total energies and relative energies at the

MP4 level also showed that the most stable tautomer is 1b.

Introduction

In light of the biological and analytical interest in 3H-1,
3.4-thiadiazolines, we recently reported the synthesis and
tautomeric behaviour of S-amino-3H-1,3,4-thiadiazoline-2-
thione' and 5-amino-3H-1,3 4-thiadiazolin-2-one.*' 5-Amino-
3H-1,3,4-thiadiazoline-2-thione and S-aroylamino-3H-1,3 4-
thiadiazoline-2-thiones can exist in two-tautomeric forms a
thione form, and a thiol form. It was cstablished that 5-
amino-3H-1,3 4-thiadiazoline-3-thione and 5-aroylamino-3H-

1,3,4-thiadiazoline-2-thiones exist in their thione form on
the basis of '"H NMR, “C NMR and IR spectral data.' Sim-
ilarly, a stable tautomeric structure for S-amino-3H-1,3,4-
thiadiazolin-2-one and S-aroylamino-34-1,3.4-thiadiazolin-2-
ones was proven to be the lactam form.? As an extension of
these studies, we report our synthetic and tautomeric results
for S-thioxo-3H 4H-1,3,4-thiadiazolidin-2-one (1) on the basis
of experimental spectral data and theoretical calculations.
5-Thioxo-3H 4H-1,3,4-thiadiazolidin-2-one is not a known
compound. However, 3H,4H-1,3 4-thiadiazolidine-2,5-dione



