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The crystal structure of an ethylene sorption complex of anhydrous fully-€xthanged zeolite X, Gg

Si100Al 920384 29.5GH, (a = 24.864(6) A), has been determined by single-crystal X-ray diffraction techniques
in the cubic space groupd3 at 21(1)°C. A crystal of Cds—X was dehydrated at 450 and 2x 107 Torr

for 2 days followed by exposure to ca. 150 Torr of dry ethylene gas at 2C(1) he structure was determined

in this atmosphere and refined to the final error indiBgs= 0.046 andr,, = 0.054 with 740 reflections for
which | > 30(l). At site | (at the centers of the double six-rings), 15.5 octahedrally coordinat&di@ts

are found per unit cell (G40 = 2.350(6) A). Only one Ct ion (trigonal) is found at site’ (Cd—O =
2.503(6) A). At site Il (in the supercage), 29.5%dons are found (CetO = 2.221(6) A). Each of these
site-1l CcP* ions is recessed 0.50(1) A into the supercage from the plane of the three oxygens to which it is
bound. To complete its distorted tetrahedral coordination, each coordinates laterally (symmetrically) to an
ethylene molecule (counted as monodentate) in the supercaged(€d2.70(4) A and G=C = 1.26(5) A).

No other ethylene molecules are sorbed.

Introduction Hydrocarbon sorption structures of €dexchanged zeolite

" Lo . A have been studied. In dehydrated¢€d, four ethylené®
Exchangeable transition-metal ions in evacuated zeolites are .
or four acetylen® molecules are sorbed per unit cell. Each of

generally coordinatively unsaturated. To relieve their coordi- four C&* fons lies on a 3-fold axis in the large cavity of the

native unsaturation in zeolite A, the cations complex readily - . X .
unit cell, close to three equivalent and trigonally arranged zeolite

with a variety of guest molecules such as EOzHg,2 NO,,3 X
H,S4 CS,5 NHa,87 CoHy 810 and GHp, 1113 oxygen atoms and symmetrically close to both carbon atoms
2o R T 2 z of the GH, or C;H, molecules.

The crystal structure of dehydrated fully €eexchanged -
. . . This work was done to locate the sorbegHg molecules, to
gienm:Sci(,stgldl;s-;g)ﬁoll%Zf?asg?io(r??ég;(i)’uggsirr?:rt:@égﬁgngy determine the cation shifts upon sorption, to observe cation
g Y Y ques. sorbate interactions, and perhaps to detect the resultant changes

occupy only sites | and Il. In the structures of £dX-28CO* . L
and g)(/ie—%-ZSQHz 16 e+ ions are located {;t@sites I and in the geometry of eH, upon sorption into C#-exchanged
. ’ zeolite X.

Il. To associate with a sorbed molecule and to achieve a more _ )
tetrahedral geometry, each of the 282Cdbns at site Il has ~ Experimental Section
moved somewhat more deeply into the supercage in each Large single crystals of sodium zeolite X, stoichiometryNa

structure. Si100Al 920384, Were prepared in St. Petersburg, Rud8i@ne

The same work was done with Myg-X. In Mnge—X-30CC of these, a colorless octahedron about 0.25 mm in cross section,
and Mng—X-30GH4,Y” Mn2* ions are located at only two  was lodged in a fine Pyrex capillary.
crystallographic sites (I and Il). Each of the 30 Mrions at An exchange solution of Cd(N§» and Cd(QCCHg) in the

site Il associates with a CO or &M, molecule, respectively, = mole ratio of 1:1 with a total concentration of 0.05 M was
and has moved further into the supercage from the plane of itsallowed to flow past the crystal at a velocity of 1.0 cm/s for 5
six-ring to do so. days. The capillary containing the crystal was attached to a
Carter et al studied the sorption of ethylene at room vacuum system, and the crystal was cautiously dehydrated by
temperature onto variously ion-exchanged synthetic near- gradually increasing its temperature (ca.’Z3h) to 450°C at
faujasites by infrared spectroscopy and by microcalorimitry. @ constant pressure of2 107 Torr. Finally, the system was

They found that gH; molecules complex laterally to give maintained at this state for 48 h. After being cooled to room
complexes of symmetnC,,. Of the transition-metal ions temperature, the crystal remained colorless. To prepare the
examined, Ag and Cd" were found to hold ¢H; most ethylene complex, the crystal was treated with 150 Torr of

strongly; furthermore, the sorbed ethylene molecule is reported zeolitically dried ethylene gasid h at21(1)°C. The resulting
to be freely rotating in all the cases except in their complexes black crystal, still in its ethylene atmosphere, was sealed in its

with Ag™ and Cd™. capillary by torch. _
The cubic space groupd3 was used. This choice is
® Abstract published irAdvance ACS Abstract&ebruary 15, 1997. supported by (a) the low Si/Al ratio which in turn requires, at
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TABLE 1: Positional, Thermal,2 and Occupancy Parameters for Cds—X+29.5GH,

Wyckoff Lpancy
atom posn  site X y z U1° (Uiso) Uz Uss Uiz Uiz Uzs varied fixed
Si 96(g) —526(1) 1229(1) 339(2) 143(12)  75(11) 104(12) —8(11) —9(11) -—11(11) 96.0
Al 96(g) —547(1) 378(1) 1214(1) 120(13) 93(13) 71(12) —1(11) -—-13(12) -—23(12) 96.0
o(1) 96(9) —1106(2) 19(3) 1046(3) 153(35) 206(35) 146(33)-34(31) 24(27) —26(31) 96.0
0(2) 96(g) —23(3) —25(3) 1459(2) 211(32) 172(31) 174(32) 62(32) 4(31) —4(31) 96.0
O(3) 96(9g) —318(3) 655(3) 604(3) 156(34) 111(32) 154(33) 22(29) 53(30) 17(27) 96.0
0o(4) 96(g) —648(3) 830(3) 1712(3) 269(38)  105(33) 98(32)-18(31) 28(31) —56(27) 96.0
Cd(1) 16(c) | 0 0 0 107(3) 107(3) 107(3) 7(4) 7(4) 7(4) 15.8(1) 155
Cd(2) 32(e) 1 685(14) 685(14) 685(14) 371(100) 371(100) 371(100) 378(123) 378(123) 378(123) 1.4(1) 1.0
Cd(3) 32(e) Il 2285(1) 2285(1) 2285(1) 231(3) 231(3) 231(3) 80(4) 80(4) 80(4) 28.9(1) 295
C 96(g) 2969(20) 2667(15) 3058(17) 1521(127) 64(2) 59.0

a Positional and thermal parameters are givel®®. Numbers in parentheses are the esd’s in the units of the least significant digit given for the
corresponding parametérThe anisotropic temperature facterexp[—2z2(h3(a*)2U1; + k3(b*)2U5; + 13(c¥) 2Uss + 2hk(@*b*) Uy, + 2hi(a*c¥) Uss
+ 2kI(b*c*) U23)]. ¢ Occupancy factors are given as the number of atoms or ions per unit dall.= (Biso/87?).

TABLE 2: Selected Interatomic Distances (A) and Angles

least in the short range, alternation of Si and Al and (b) the (degy: for Cd s X-29.5GH,

observation that this crystal, like all other crystals from the same

batch, does not have intensity symmetry across (110) and Si—0(1) 1.599(7)  O(L}Si—O(2) 111.9(4)
therefore lacks that mirror plane. The unit cell constant at 21- S!:ggg i'ggg% 88;:2::88; ﬂig%
(1) °C, determined by least-squares refinement of 25 intense gj—o(4) 1:593(7) O(2ySi—0(3) 106:4(3)
reflections for which 18 < 20 < 22°, isa = 24.864(6) A. Al mean 1.622 0(2)-Si—0(4) 106.8(4)
unique reflections for which@ < 50° were recorded. Of the Al-0(1) 1.704(7)  O(3ySi—0O(4) 112.1(3)
1368 reflections examined, only the 740 reflections for which Al—=0(2) 1.750(7)  O(1)-Al-0(2) 113.1(3)

Al-0(3) 1.761("  O(1)-Al—0(3) 104.9(3)

I > 30(l) were used in subsequent structure determination. An Al—0(a) 1691(7)  O(1)Al—O(a) 113.9(3)

abSOI’ption Corl’ectiom(z 1.96 mnle Pcal = 1.126 glcm, and mean 1.726 0(2)_A|_O(3) 1065(3)
F(000) = 8648) was made empirically using®# scan. The Cd(1-0@3)  2.350(6) 0(2)-Al—0(4) 103.6(3)
adjusted transmission coefficients ranged from 0.991 to 0.998. Cd(2)-0(3) 2:503(6) O(3)—Al-0(4) 114.8(3)

These corrections had little effect on the fifindices. Other Cd(30(2) 2.221(6) SI-O()-Al 130.2(4)
: - Si—0(2)-Al 136.1(4)
details are the same as previously repofted. Cd(3)-C 2.70(4) X
—c 126(5) S—O@FA 125.4(4)
o Si—0(4)-Al 160.3(5)
Structure Determination
O(3-Cd(1-0(3)  90.3(2), 89.7(2)
Full-matrix least-squares refinement was initiated by using 0O(3)-Cd(2)-0(3) 84.3(2)
the atomic parameters of the framework atoms [Si, Al, O(1), 0(2)-Cd(3)-0(2) 115.1(3)
0(2), O(3), and O(4)] in dehydrated &gX.14 Anisotropic a Numbers in parentheses are esd’s in the units of the least significant

refinement of the framework atoms converged to an unweighted digit given for the corresponding valueThese distances are longer
R; index, &(|Fo — |F¢||)/ZF,), of 0.51 and a weighteR,, index, than the others in this group because O(2) and O(3) bind #.@x{1)
(EW(F, — |Fe|)ISWFA)Y2, of 0.57. and O(4) are two-coordinate; O(2) and O(3) are three-coordinate.

A difference Fourier function showed the positions of the | o
Cd?* ions at Cd(1), (0.0, 0.0, 0.0) with peak height 4.2 eA intercationic contacts at the values shown for the nonframework
and at Cd(3), (0.226, 0.226, 0.226) with peak height 3.2 A positions in the fixed-occupancy column of Table 1. All shifts
Anisotropic refinement of framework atoms and isotropic " the final cycles of least-squares refinement were less than

refinement of Cd(1) and Cd(3) convergedRe = 0.057 and 0.01% of their corresponding standard deviations. The final
R, = 0.076. error indices converged t@; = 0.046 andR, = 0.054. The

A subsequent difference Fourier synthesis showed the positiond0dness-of-fit= (Sw(Fo — [F¢[)%/(m — 5)*2 = 2.81, wherem
of the C&* ion at Cd(2), (0.07, 0.07, 0.07) with peak height (740) is the number of observations as¥$7) is the number of

0.7(2) e A 3. Least-squares refinement as above including Cd- Variables in least-squares refinement. _

(2) anisotropically converged t8 = 0.047 andR, = 0.058. A subseqyent difference Fourier function revealed six small
A later difference Fourier synthesis indicated with a peak of P&aks of heights from 0.52 to 0}_;531 e A Theﬁlargest (0.201,
height 0.6 e A3 that the carbon atoms of the ethylene molecules 0-199, 0.199, height= 0.52(2) e A™) was 2.3 A from O(2). In

are at the general position (0.300, 0.290, 0.289). Anisotropic Ieast-squ_ares r_e_flnement wiy, fixed, neither it nor the nearest
refinement of all atoms, except that carbon atoms of the ethylene3-fold-axis position was St%rb;e' The second peak (0.249, 0.496,
molecules which were refined isotropically, converge®ic= 0.248, height= 0.26(2) e A™) was far from any othtzgatom,
0.045 ancR, = 0.053. The Hamilton significance t&&shows  and the third (0.125, 0.125, 0.075, height0.24(2) e A”) at

that these carbon atoms are reliably determined at a level far2-0 A from Cd(2) was also unstable in least squares.
greater than 99.5%. Atomic scattering factofs for Si, Al, O~, C, and C&" were

used. The final structural parameters and selected interatomic

The association of ones8, molecule with each Cd(3) ion ; >
was consistent with the refined occupancies (see Table 1). Thedistances and angles are presented in Tables 1 and 2, respec-

movement of the Cd(3) position approximately 0.31 A further tVely-
into the supercage as compared to empty;EX* (to a near-
tetrahedral four-coordinate position) supports this result. Ac-
cordingly, the occupancy numbers at Cd(1), Cd(2), Cd(3), and Zeolite X is a synthetic counterpart of the naturally occurring
C were fixed by the assumption of stoichiometry, the require- mineral faujasite. The polyhedron with 14 vertices known as
ment of neutrality, and the avoidance of impossibly short the sodalite cavity off cage may be viewed as the principal

Discussion
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o 72 (5.84 A) is responsible for the large deviation of Cd(2) (1.57(2) A)
QU from the plane of its six-ring. Ellipsoids of 20% probability are used.
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Figure 1. Stylized drawing of the framework structure of zeolite X.
Near the center of each line segment is an oxygen atom. The different
oxygen atoms are indicated by the numbergl1 Silicon and aluminum
atoms alternate at the tetrahedral intersections, except that Si substitutes
for about four of the Al's per unit cell. Extraframework cation positions
are indicated with Roman numerals.

Figure 4. Stereoview of a sodalite cavity of dehydrated, X treated
with C;Hs. Four Cd™ ions lie at site Il. Each coordinates to aHG
molecule. Ellipsoids of 20% probability are used.

Si

Figure 2. Stereoview of a double six-ring of Gg-X-29.5GH,. The
CcP*ion at Cd(1) is shown at site |. Ellipsoids of 20% probability are Al
used.

\,~\ 04
|

building block of the aluminosilicate framework of the zeolite.
These 3 cages are connected tetrahedrally at six-rings by
bridging oxygens (see Figure 1) to give double six-rings (D6R’s,
hexagonal prisms) and concomitantly to give an interconnected
set of even larger cavities (supercages) accessible in three
dimensions through 12-ring (24-membered) windows. The Si
and Al atoms occupy the vertices of these polyhedra. The
oxygen atoms lie approximately halfway between each pair of

Si and Al atoms but are displaced from those points to give Figure 5. Cd(GH4)*" complex on the inner surface of a supercage is
near-tetrahedral angles about Si and Al. shown in stereoview. The approximately tetrahedral coordination about

fCoP+ can be seen. Ellipsoids of 20% probability are used.

Exchangeable cations, which balance the negative charge o
the aluminosilicate framework, are found within the zeolite’s
cavities. They are usually found at the following sites shown
in Figure 1: site | at the center of a D6R,in the sodalite §)
cavity on the opposite side of one of the D6R’s six-rings from
site I, II' inside the sodalite cavity near a single six-ring (S6R,
shared by # and a supercage) entrance to the supercage, Il in
the supercage adjacent to a S6R, lll in the supercage opposite
a four-ring betwen two 12-rings, and'ldomewhat off Ill (off '
the 2-fold axisp?23

The Cd" ions are found at three different crystallographic
sites. At sites | and') 15.5Cd" ions at Cd(1) and one Gd
ion at Cd(2) are found per unit cell, respectively (see Figures 2
and 3). Each of the 29.5 €dions per unit cell at Cd(3) lies
at site Il, on a 3-fold axis in the supercage, close to three O(2)
framework oxygens (see Figures 4, 5, and 6). These occupancy
numbers differ from those in dehydrated &€6X,'* Cdys—X- distance, 2.350(6) A, is just a little longer than the sum of the
28CO}5 and Cde—X-28GH,16 (see Table 3). ionic radii of C®t and &~ 0.97 + 1.32= 2.29 A24 This

Each Cd" ion at site | in Cdg—X+29.5GH4 coordinates to C®™—0O distance is exactly the same as that in dehydrated
six O(3) framework oxygens. The octahedral Ce{@D)3) Cdyg—X.14

Figure 6. Stereoview of a supercage of & X-29.5GH,. Four Cd"
ions at Cd(3) (site Il) are shown. Each coordinates to an ethylene
molecule. Ellipsoids of 20% probability are used.
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TABLE 3: Structural Features of Cd4—X and Its Sorption Complexes
dehydrated -28CO +28GH, +29.5GH,
no. of Cd* ions at site | 16 13 13 15.5
no. of Cd* ions at site'l 0 5 5 1
no. of Cd ions at site Il 30 28 28 29.5
fractional coord of C&" at site Il 0.2212(9) 0.2240(2) 0.2274(2) 0.2285(1)
deviatior? of Cd?* from six-ring plane at O(2) (A) 0.19(1) 0.33(1) 0.46(1) 0.50(1)
C—0(2) (A) 2.16(1) 2.16(1) 2.19(1) 2.22(1)
0O(2)-Cd—0(2) (deg) 119.2(5) 117.7(4) 115.7(3) 115.1(3)
reference 14 15 16 this work

a A positive deviation indicates that the ion lies in the supercage.
given for the corresponding value.

One C@&" ion at site 1 coordinates at 2.503(6) A to three
0O(3) framework oxygens. The same distance, 2.502(8) A, is
found for a site/l Cc?* ion in the crystal structure of Gg-
X-28GH,.16 The shortest approach distance between sites |
and I is only 2.92 A, so these cannot be simultaneously
occupied because of electrostatic repulsion. Therefore, if a |
site is occupied, the two adjacentdites (of the same D6R)
cannot be.

The fractional occupancy observed at Cd(1) indicates the
existence of at least two types of “unit cells” with regard to the
double six-rings. Half of the unit cells would have a Cd(1) ion

Numbers in parentheses are the esd’s in the units of least significant digit

TABLE 4: Comparison of Ethylene-Cation Approach
Distances in Zeolites A and X

effective
cation ethylene
zeolites M-C (A) radius (A} radius (A) ref

Ag1,—A-3.6GHs®  2.54(8) 1.26 1.28 9
Cds—A-4CH, 2.67(6) 0.97 1.70 10
Cdye—X-29.5GH,  2.70(4) 0.97 1.73 this work
CoNa,—A-4CH,  2.51(6) 0.72 1.79 8
Ca;—A-4CH, 2.87(5) 0.99 1.88 27
Mnae—X+-30GH,4 2.74(6) 0.80 1.94 17

2 Reference 242 Nonintegral because some Agpns were reduced.

at the center of each of their 16 D6R’s, and the remainder have Others complex to bD in the sodalite unit.

only 15, with two Cd™" ions at Cd(2) occupying sitesdutside
the 16th, otherwise empty, D6R (see Figure 3). The 5.90 A

so that both carbons are equidistant fror®CdHowever, the

repulsive interaction between these two Cd(2) ions is responsiblecenter of the &C bond does not lie on the 3-fold axis. It is

for the longer Cé-O distance (as compared to those for Cd(1)
and Cd(3)) and the large deviation of Cd(2), 1.57(2) A from
the plane of its six-ring. Such large deviations af 2ations
at site | from the planes at their six-rings are also found in
Cdye—X+28CO (1.60 A)5 Cdyg—X:28CH, (1.52 A)16 and
Mgss—X (1.21 A)25

To coordinate to an ethylene molecule, eacR'ddn at Cd-
(3) has moved 0.56- 0.19= 0.31 A (see Table 3) along its
3-fold axis toward the center of the supercage and away from
its triad of three O(2) oxygens to a more tetrahedral coordination
environment (considering ethylene to be monodentate). The
deviation of Cd@" ions from the six-ring plane at O(2) into the

displaced from it by 0.36 A.

The C=C distance is 1.26(5) A. For comparison, the=C
bond length in ethylene gas is 1.344 A, while in nonzeolitic
transition-metal complexes, a broad range ef@ distances
(from 1.354(15) to 1.46(2) A) can be se¥n.The G=C
distances in other zeolite structures also range widely (1.21-
(11) Ain CaNay;—A-4CH48 1.19(12) A in Ago—A+3.6GH,;°
1.48(7) A in Ca—A-4GH42") due to the combined effects of
disorder and high thermal motion of the carbon atoms. None
of the C=C distances in zeolite complexes have been determined
with sufficient precision to detect a change upon sorption.

The bonding between the €dion and ethylene is usually

supercage is larger than those in any of the three structuresdescribed in terms of the Chatbewar modef® A ¢ compo-

Cdye—X,1* Cdye—X-CO 15 or Cdyg—X-C,H,16 (see Table 3). The
Cd(3)-0(2) bond length is also the longest (see Table 3). All
of the O(2)-Cd(3)-0(2) angles in the three sorption structures
of Cdse—X (-CO, -C,H,, and-CyH,) are smaller than those in
empty Cdg—X (see Table 3).

In this structure, the mean values of the-8i and A-O
bond lengths are only slightly longer than normal, 1.622 and
1.726 A, respectively. The individual bond lengths, however,
show marked variations: SO from 1.599(7) to 1.656(7) A
and Al-O from 1.691(7) to 1.761(7) A (see Table 2). The
individual Si-O and A0 distances depend on €dcoordina-
tion to framework oxygen. O(1) and O(4) are not involved in
coordination; Cé&" ions at sites |,’l and Il coordinate only to
0O(2) and O(3). Accordingly, the AlO(2) and AFO(3)

nent arises from the overlap of a filled ethylene orbital and a
vacant Cé" 5s orbital, and a component occurs by the overlap
of the filled 4d orbitals of C&" with the vacant antibonding
a* orbital of ethylene. Due to the latter back-donation
interaction, the &C bond order may be diminished somewhat.
The difference between cadmium and silver in their ability to
back-donate 4d electrons to th# orbital of ethylene can be
attributed to the difference in their ionic radii: &dhas a radius

of 0.98 A compared to 1.26 A for Ag The filled 4d orbitals

of C#* therefore do not reach as far out in space as those of
Ag™, so Cd* cannot back-bond as effectively to ethylene.
Therefore, the Cif—C distances of 2.67(6) A in GaA:
4CH40 and 2.70(4) A in Cgs—X+29.5GH, (this work) are
longer than the A§—C distance of 2.54(8) A in Ag—

distances are lengthened (see Table 2). This effect was see\-3.65GH4.° Yet the back-bonding remains sufficient to

before in empty Cgi—X14, Cdyg—X-28CO15 Cclyg—X-28GH,,16
Mn46—X-SOCO,17 Mn45—X-30C2H4,17 Mg46—X,25 Ca45—X,25
and Bag—X.25

One of the most interesting features of this structure is the
binding of GH, molecules to C# ions. The ethylene

prevent free rotatio®?
The present structure is very similar to that of an ethylene
sorption complex of Mg—X.17 In that complex, each of the
30 Mr2* ions at site Il associates with oneHs molecule in
the supercage. Each ion at site Il has a geometry between

molecules are located deep inside the supercage (see Figure 6}rigonal pyramidal and tetrahedral and is 2.12(2) A from three

With 59 carbon atoms (29.5 molecules ofHzG) at Wyckoff
position 96(g), the Ci#—C,H, interaction has symmetryn;
that is, each €C bond is normal to and bisected by a plane of
symmetry which contains a 3-fold axis (and hence a Cd(3) ion),

framework oxygens and 2.74(6) A from a carbon atom of a
CoH4 molecule.

In both Cdg—X-28CO® and Cde—X+-28CH,,1¢ it appears
that the movement of site Il cations away from the sodalite
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cavities upon complexation has allowed sitetd become References and Notes
occupied. Some Cd ions from both sites | and Il relocated () Riley, P. E.; Seff, Kl Chem 1974 13, 1355
: : : iley, P. E.; Seff, Klnorg. Chem , .
to site I. Perhaps because the €dons at site Il coordinate (2) Cruz, W. V.: Leung, P. C. W.. Seff, KI. Am Chem Soc 1978
somewhat more strongly to,8,4 than to GH, or CO (see Table 100, 6997.
3), more of them do so, and fewer €dons remain to relocate (3) Cruz, W. V.; Leung, P. C. W.; Seff, Kinorg. Chem 1979 18,
1692.

to site I, . ) (4) Yeom, Y. H.; Kim, Y.; Seff, K.J. Phys Chem 1996 100, 8373.
The Cd+—C distances are 2.70(4) Ain length, a value much (5) Jang, S. B.: Kim, Y.; Seff, KZeolites1994 14, 262.

greater than those usually found in neutral metal ethylene (6) Yanagida, R. W.; Amaro, A. A; Seff, KL Phys Chem 1973 77,
_comple_xes, and, accordingly, this metal+eadkene |nterac_t|on (7) Kim. Y.: Seff, K. J. Am Chem Soc 1977, 97, 7057.

is considered weak. (Neutral metal to ethylene carbon distances (g Riley, P. E.; Seff, K.; Kunz, K. BJ. Am Chem Soc 1975 97,
(metal = Co, Ni, Cu, Nb, Ru, Rh, Ta, W, Ir, and Pt) range 537. _

from 1.98(2) to 2.20(4) A in a series of several inorganic i?)) 'é'”; K-?S?f&_ K-fJ-AS”} }%henE)Sgc. 1K978$%Q”1L5- n
compoundg?) Essentially, the same long €€ distance, and Sof: 1%9101'2 Tgg S S KM B S BIM, YEUL Korean Ehem
the same mode of attachment, is observed in the structure of (11) Riley, P. E.; Seff, Kinorg. Chem 1975 14, 714.
Cds—A-4C;H,10 (2.67(6) A) (see Table 4). For comparison, (12) Riley, P. E.; Seff, KJ. Am Chem Soc 1973 95, 8180.

the corresponding MC distances in other intrazeolitic metal (13) Koh, K. N.; Han, Y. W.; Kim, Y Korean J. Crystallogr1991, 2,
ethylene complexes are given in Table 4. No other (N0 ~ (14) kwon, J. H.; Jang, S. B.; Kim, Y.; Seff, K. Phys Chem 1996
nonzeolitic) examples of-bonded cadmium(ll) alkene struc- 100, 13720.
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