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Abstract @ The structure of nitrogen adsorption complex of fully dehydrated Cd* ion

exchanged zeolite-X, |Cdss(N)isl[SiinAlsOssal, was determined in the cubic space group Fd 3
at 21(1) T [a = 24.863(4) ] by single crystal X-ray diffraction analysis. The crystal was
prepared by ion exchange in a flowing steam of 0.05 M aqueous solution Cd(NQs)s :
Cd(O:,CCHs)z = 1:1 for five days, followed by dehydration at 500 C and 2 x 10°® Tor. for
two days, and exposured to 100 Tor. zeolitically dry nitrogen gas at 21(1) T. The
structure was determined in atmosphere, and was refined within F, > 40(F,) using
reflection for which the final error can appear in indices B, = 0.097 and wR, = 0.150. In
this structure, Cd” ions occupied four crystallographic sites. Nine Cd®' ions filled the
octahedral site I at the centers of hexagonal prisms (Cd-O = 2.452(16) A). Eight Cd* ions
filled sitel’ (Cd-O = 2324(19) A). The remaining 29 Cd* ions are found at two
nonequivalent sites II(in the supercages) with occupancy of 11 and 18 ions. Each of these
Cd” ions coordinated to three framework oxygens, either at 2.159(15) or 2.147(14) A,
respectively.  Eighteen nitrogen molecules were adsorbed per unit cell and three per
supercage.
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Table 1. Positional, Thermal, and Occupancy Parameters®

Atom ¥ X v 2 Uisob oy U Uiz U138 U2 varied fixed
Pos. or Ullc
Si % 58D 34D 1227(2) 128017 134(18) 9207 15016) -18(18) 92(17) %
Al 9%(g  -563(1)  1218(2)  358(1)  153(19) 102(18) 111(19) -1I7) -5(15)  2(19) 9%
o) 9%l -1087(3) -11(4) 112030  156(0) 266(50) -81(45) -55(41) 55(35) -81(45) %
0@ %@ 323 -39(4) 14243 112(45) 198(50) 203(49) 29(39) 83(39) 33(40) %
0B) %l  -3643)  620(4)  647(3)  165(46) 223(54) 84(48)  840) 19(38) -53(37) %
0@  %lg  -60L(3)  TIA4) 17134  363(G6)  17462) 19261 -51(46) 7147  2(39) %
cdn 1600 0 0 0 34(15)  136(15) 136(15) 16(16) 16(16) 16(16) 852) 9
Cd2) 3e) 6324 6324 63D 460(44) 752 8
Cd3) 320e)  2083(4)  2083(4)  20834)  180(38) 93m 1
Cd)  320e)  220520) 22U5(20) 22150200  176(20) 1828) 18
N 9%(g 267060 2021(53) 3323(48) 1408(440) 36.4(15) 36

= 24.863(4) A, space group

. 4
parameters are given x 10
digit given for the corresponding parameter.

ions per unit cell. “Uiso = (Biso/8 1 2).

e oxygen
o cation

Fd 3 origin at center of symmetry. Positional and anisotropic thermal
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Fig. 1. A stylized drawing of the framework
structure of zeolite-X (FAU).
the center of each line segment is an
oxygen atom. The different oxygen
atoms are indicated by the numbers
1 to 4. Silicon and aluminum atoms
tetrahedral

alternate

intersections,
atom substitutes for aluminum at
Al positions.
Extraframework cation positions are
labeled with Roman numerals.
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Table 2. Selected Interatomic Distances(A)
and Angles(deg)®

Si-O(1)  1.591(14) O(1)-Si-O2)  114.5(8)
Si-0(2)  1.642(15) O(1)-Si-O(3)  106.5(8)
Si-0(3) 1.626(14) O(1)-Si-O(4)  115.8(8)
Si-O(4) 1.574(16) O(2)-Si-O(3)  104.6(7)

1.608 0(2)-Si-0(4)  103.1(7)
AIO(1)  1.690(14) O(3)-Si-O(4)  112.0(8) Fig. 2. Stereoview of D6R in Cds—X-18Ns,

Al-O(2) 1.764(15) O(1)-Al-0(2)  112.3(8) One Cd® ion at Cd(1) is shown at
Al-O(3)  1.752(15) O(1)-Al-O(3)  109.5(9) site I. Ellipsoids of 20% probability
Al-O(4) 1.686(16) O(1)-Al-O(4)  112.3(8) are shown.
1.723 0(2)-A1-0(3)  105.2(8)
O(2)-Al-0(4)  106.0(3) Cds-X - 28CO% Cdas—X - 16(CHsNHz) 2] &

Cd(1)-0(3) 2.452(16) O(3)-Al-O(4)  111.4(8) APz A Cd” ol FaE BAzte) A
Cd(2)-0(3) 2.324(19)  Si-O(1)-Al 134.6(10) dol& AHHEW, 259(4), 249(22) A< H]s|
Cd(3)-0(2) 2.159(15) Si-0(2)-Al 136.0(9) Al AojzriHolth, A &etolE WA o)L m:
Cd(4)-0(2) 2.147(14) Si-0(3)-Al 127.9(10) FHE o]eE5L AU og APE FE £ Q
SFOMUFAL 188U = Ao o] w3ty o] 2EY S4o| wet
Cd(4)-N 52 0(3)-Cd(1)-0(3) 87.6(6)/92. F4EE 49 A Fron F93¢E n|
46) XA dh

N-N 1.82(22) O(3)-Cd(2)-0O(3) 93.8(8)

0(2)-Cd(3}-02) 117.8(3)

0(2)-Cd(3)-0(2) 118.8(2)

*Numbers in parentheses are in the units of the

least significant digit given for the corresponding
value.

N

Cd2

Fig. 3. Stereoview of a sodalite cavity with an attached D6R in Cds-X-18CO. One Cd® ion at
Cd(2) is shown at site I Two Cd® ions at Cd(3) and two Cd> ions at Cd(4) are
shown. Only the Cd” ions at Cd(4) interact to nitrogen.
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Table 3. Deviations (A) of Cations from the
(111) Plane at O(2) or O(3)

at O(3)" Cd(1) 1.479
Cd(2) 1.254

at O(2)° Cd(3) -0.329
Cd(4) 0.242

N 3.701

*The positive displacement indicates that the
ion lies within a double six-ring.
"The positive displacement indicates that the
ion or atom lies in the supercage.
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Fig. 4. Stereoview of a supercage. Two Cd® ions at Cd(3) and two Cd® ions at Cd(4) are
shown. The two Cd®” ions at Cd(4) (site ) each interact to a nitrogen molecule.
two of the eight supercages per unit cell have only Cd® ion at Cd(4). Ellipsoids of

209 probability are used.
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