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Fig. 9. Disposition relative des raies satellites et des réflexions de
Bragg obtenues sur un cliché de précession hkQ. Les réflexions
(1) et leurs satellites proviennent de Plindividu de plus grand
volume dans ’édifice maclé, les réflexions (2) et leurs satellites de
'individu de plus petit volume. ® réflexions intenses de symeétrie
monoclinique presque parfaite.

Les diagrammes de diffraction théoriques et observés
hkO sont comparés sur les Figs. 8 et 9. Dans les deux
premiers cas, les réflexions de Bragg k =2n + I sont
éteintes et seules les raies satellites d’ordre impair sont
allumées. Dans le troisiéme cas, les intensités des
reflexions k = 2n + 1 ne sont pas nulles et il existe des
raies satellites d’ordres pair et impair; i = 0 pour k = 2n
quelque soit le type de modulation.

Pour rendre compte de 'aspect des diagrammes (Fig.
2), qui comportent a la fois des réflexions de Bragg
k=2n+ 1 et des raies satellites d’ordre impair, nous
formulons I’hypothése suivante: le cristal serait con-
stitué de zones différentes, des zones D ou inter-
viendrait une modulation symeétrique du type précédent

Acta Cryst. (1989). B45, 124128

[Ca(H,0))[Cd,Cl,,(H,0),]c0.1,5H,0

et des zones D' sans modulation ou Cd(3) et Ca
réaliseraient de fagon préférentielle la configuration
planaire (1), la configuration (2) ayant une probabilité
faible (cette supposition est compatible avec le fait que
les reflexions k=2n+ 1 sont plus intenses pour
[=2n+ 1 que pour /= 2n, Fig. 2). Soient N et N' le
nombre de zones D et D' et I’ 'intensité des réflexions
de Bragg k = 2n + 1 issues des zones D'; en supposant
que ces zones possedent en moyenne le méme volume,
on trouve que le rapport I'/i,_,~=(N'/N)(M¥4)sin? (n/M)
est constant, en accord avec [I'observation. A
partir de la valeur mesurée de I'/i,_, qui est égale a 4,2
+0,1 (elle se rapporte a I'individu de plus grand volume
dans I’édifice maclé), on déduit que la plus grande partie
du cristal pourrait contenir environ deux fois plus de
zones D’ que de zones D. La relation qui apparait entre
A(2) et A(1) [A(2) ~2A(1)] ne peut étre expliquée a
partir de ce modéle.

L’existence de domaines antiphase périodiques et de
domaines maclés dans les cristaux de ¢, s’accorde bien
avec les conditions énoncées par Wondratschek &
Jeitschko (1976): le groupe spatial P1 de la structure
‘dérivée’ (¢,) est un sous groupe genéral du groupe
spatial (C2/m) de la structure ‘parente’ (Fig. 4a), qui
correspond ici a une structure hypothétique.
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Abstract

The crystal structure of Ca-exchanged X zeolite
[Ca,qAly;81,000344.200H,0,  cubic, Fd3, a=

0108-7681/89/020124-05%03.00

2506 (1)A, Z=1, F(000)=8588, A(MoKa)=
0-71069 A, u=8-1cm™!, V=15738(18)A?}, D =
1-78 gcm~3] has been determined by single-crystal
X-ray diffraction at the following temperatures: 298 K

© 1989 International Union of Crystallography
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Table 1. Experimental and refinement details

298
739
589

Temperature (K)

No. of unique reflections measured

No. of unique reflections observed
1> 300D

263

(SiN0/ Ay (A7) 0-81 0-71
(kD) 36,3613  29,30,12
No. of parameters refined 100 80

R (%) 6-3 4.8
wR (%) 8-0 8-1
Low-order refinement, sind/1 < 0-35 A-!

No. of unique reflections 143 100
No. of occupancy factors refined 8 6

R (%) 6-5 5-3
wR (%) 8-3 7-1

(589 unique observed reflections, R = 6-3%); 348 K
(263, 4-8%); 423 K (343, 5-7%); 573 K (350, 6-0%);
673 K (220, 4.-2%); and after rehydration in air at
298 K [a =25-08 (1) A, 310 reflections, R = 6-4%). In
the crystal structure investigations a single crystal of
regular octahedral shape with 0-2 mm edges was heated
by a stream of hot N, gas. The investigations were
focused on the migration of cations during dehydration
of the crystal at increasing temperature. In the initial
hydrated form calcium ions are located in sodalite
cages and supercages. These ions are rather mobile and
with removal of water from the crystal on heating they
migrate in the direction of hexagonal prisms and sites
on the six-membered ring faces of sodalite cages on the
supercage side. After rehydration the initial distribu-
tion of Ca cations is restored.

Introduction

The structure of Ca-exchanged forms of faujasite-type
zeolites with various Si/Al ratios have already been
studied in hydrated and dehydrated states [Si/Al
=2-37, Bennet & Smith (1968a,b); Si/Al = 1.4, Pluth
& Smith (1973a,b)]. These studies have shown that the
Ca?* ions are distributed over different sites within the
zeolite framework and that the populations of these
sites are markedly dependent on the presence of
absorbed water molecules.

The present article is concerned with the study of the
atomic scale mechanism of dehydration of Ca-
exchanged X zeolite with an Si/Al ratio of 1-09 by
determining the crystal structure at different
temperatures.

Experimental

Crystals of NaX zeolite with Si/Al = 1-09 were grown
by hydrothermal synthesis from aluminosilicate gels at
338 K using a modified version of Charnel’s method
(Bogomolov & Petranovsky, 1986). The crystals
possessed a regular octahedral shape with 0-2 mm
edges. These single crystals of NaX zeolite were used to
prepare CaX zeolite by ion exchange with a 0-35M
aqueous solution of Ca(NO,), at room temperature.

348
330

423 573 673 298 (rehydrated)
424 460 279 392
343 350 220 310
0-71 0-71 | 0-81 0-81

29,30,12 28,30,11 33,36,10 36,36,12

78 76 78 86
5.7 6-0 4.2 6-4
7.2 7.0 5-5 8.1
114 129 134 109

5 5 4 7
61 53 4.3 7-2
8-1 6-7 5.8 9.5

The exposure time was six months. Chemical analysis
of the resulting product gave Ca,Aly;Si 0584
200H,0 per unit cell (Ca,X). Six cycles of intensity
measurements were carried out at various temperatures
on a computer-controlled three-circle diffractometer
with graphite-monochromated Mo Ka radiation (4
=0-71069 A). A perpendicular inclination technique
was used. The ¢ axis of the crystal was oriented along
the w axis of diffractometer. The cubic unit-cell
parameter was determined from the 22,22,0 and
18,18,0 reflections. The crystal was heated by a stream
of hot gas evaporated from liquid N,. The temperature
of the sample during a data collection cycle was stable
within +1 K, the accuracy on an absolute scale was
better than +3 K. The w-step-scan mode (15 steps) was
employed with a scan speed of 1-2° min~! in w and
fixed counter aperture, 426 = 1-5°; the background
was determined using the algorithm of Oatley & French
(1982). The reflection 12,12,0 was used as standard, its
maximum intensity variation was 3%: the intensity data
were corrected for this variation. The intensity data
with I > 30(I) were collected within the range 4 >0,
k>0, />0 and A=l k=1 Al intensities were
corrected for Lorentz and polarization effects, no
absorption or extinction corrections were applied
(u = 8-1cm™!). Other experimental details are listed in
Table 1. The last experiment (298 K, rehydrated) was
carried out after exposure of the crystal to air for 3 days.

The structures of all six forms of Ca,.X zeolite at
various dehydration stages were analysed in space
group Fd3. The origin of the coordinates was set on the
centre of symmetry for convenience of computation. All
calculations were performed with the RENTGENT75
package on a BESM-6 computer (Andrianov, Saphina
& Tarnopolsky, 1974). Atomic scattering factors of
neutral atoms (Hanson, Herman, Lea & Skillman,
1964) and Cruickshank’s  weighting scheme
(Cruickshank, 1965) were used. Atomic coordinates
from the NaX framework (Smolin, Shepelev, Butikova
& Petranovsky, 1983) were utilized as initial param-
eters in the refinements of the CaX forms. The
refinement of layer scale factors, and positional and
thermal parameters was carried out by blocked full-
matrix least squares using all observed structure
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factors. The non-framework Ca and O atoms were
located from several difference Fourier syntheses. The
final difference Fourier map showed no significant
residual peaks. In order to avoid the correlation
between thermal parameters and site-occupancy factors
the occupancy factors of non-framework atoms were
refined using low-order reflections with sin6/A <
0-35 A-!. The framework atoms, Si, Al, O(1)}-O(6),
and some non-framework atoms with high occupancy
factors were refined with anisotropic thermal
parameters.

The final atomic coordinates, isotropic thermal
parameters and occupancy factors are listed in
Table 2.*

Discussion

Zeolite X is the synthetic counterpart of the naturally
occurring mineral faujasite. An outline of the structure
of faujasite-type zeolites is given in Fig. 1. The vertices
of the polyhedra are occupied by the framework Si or
Al atoms, which are in turn tetrahedrally bonded to the
framework O atoms; these O atoms and the exchange-
able cations are not shown for clarity. The polyhedron
with 14 vertices is known as the sodalite or f-cage and
is the principal building block of the framework.
These f-cages are connected by double six-membered
rings (hexagonal prisms), forming an interconnected set
of even larger cavities accessed through 12-membered
windows. The cations and water molecules are distri-
buted in this zeolite type mainly over the sites I, 1", II",
IT and IIl shown in Fig. 1. The nomenclature is as
follows: site I, centre of hexagonal prism: site II,
six-membered ring face of f-cage on the supercage side:
sites I’ and II' lie on the opposite sides of the
six-membered rings as compared with sites I and II,
respectively, and inside the S-cage; site 111, at the edges
of the four-membered rings inside the supercage.

Ca cations in the hydrated form are located in sites
I’, I and I1I. The observed bond distances suggest the
possibility of mixed occupancy on site III in the
supercage (~9Ca + 19H,0). In addition cations are
present in site II'. In this position, with the multiplicity
factor 32, an electron density maximum was revealed,
the site-occupancy refinement of which gave an
impossibly high content of H,O molecules — i.e. 42-8. If
one assumes that Ca scatters X-rays 2.5 times more
strongly than H,O, full occupancy of site II" would be
obtained by 7.2Ca and 24-8H,0. In the hydrated form
Ca cations are surrounded by O atoms of the
aluminosilicate framework and water molecules. Inter-

* Lists of observed and calculated structure factors and aniso-
tropic thermal parameters have been deposited with the British
Library Document Supply Centre as Supplementary Publication
No. SUP 51458 (27 pp.). Copies may be obtained through The
Executive Secretary, International Union of Crystallography, §
Abbey Square, Chester CH1 2HU, England.
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Table 2. Fractional coordinates, population parameters
and equivalent isotropic temperature factors

E.s.d.’s are given in parentheses. Origin at centre (3) of space group

Fd3
Popula- Occu-
tion  pancy x ¥ z Beo(AY)

298 K

Si 96 1 -0-0529 () 0-1254 (1) 0-0364 (1) 1.2
Al 96 1 —0-0534 (1) 0-0366 (1) 0-1247 (1) 1-1
o1 96 1 —0-1062 (3) —0-0004 (3) 0-1044 (3) 31
0(2) 96 1 —-0-0012(3) —0-0022 (3) 0-1441 (3) 26
0(3) 96 1 —0-0300 (3) 0-0770 (3) 0-0752 (3) 2.4
0« 96 1 —0-0740 (3) 0-0741(3) 0-1774 (3) 2-1
Ca(Il 10-5 0-33(3) 0-254(2) x x 12.8
Ca(l") 20-1 0-63 (1) 0-0692(2) X x 15
Ca(lll)  16:5  0-17(1) 0-173 (1) 0-437(1) 0-303 (1) 5.5
H,0(D 42.8 1:33(5) 0-1681 (4) X X 6.0
H,0(2) 8.5 0-53(9) ©- X x 10-7
H,0(3) 24-5 0-26 (3) 0-387(3) 0-576 (2) 0-360 (2) 11-3
H,0(4) 30-2 0-31(3) 0-246 (2) 0:371(2) 0-503 (2) 9.0
H,0(5) 13.7 0-14(2) 0-223(2) 0-520(2) 0-345(2) 3.0
348K

Si 96 1 —0-0539(2) 0-1238 (3) 0-0346 (2) 1-3
Al 96 1 —0-0553 (2) 0-0369 (2) 0-1216 (2) 1-1
o 96 1 ~-0-1105 (6) 0-0022 (7) 0-1038 (6) 3-6
0(2) 96 1 —0-0035(6) —0-0038 (6) 0-1433(5) 24
013 96 1 —0-0339 (5) 0-0669 (6) 0-0622 (5) 1.9
0@4) 96 1 —0-0673 (6) 0-0784 (6) 0-1745 (6) 2.9
Ca(l) 10-9 0-68(4) O x x 1-8
Ca(ll) 11-9 0-37(3) 0-242(D x X 4-1
Ca'(lh 53 0-16 (2) 0-223(3) X x 1-6
Ca(1) 87  0:27(3) 0-072(1) X X 2.7
Ca(lln 4.2 0-04 (1) 0-405(6) 0-049 (6) 0-048 (6) 4.0
H,0(D) 32.5 1.00(9) 0-167 (D) x X 57
423 K

Si 96 1 —0-0543 (2) 0-1232 (2) 0-0342 (2) 1.2
Al 96 1 —0-0562 (2) 0-0379 (2) 0-1216 (2) -3
o(1) 96 1 —0-1126 (6) 0-0016 (6) 0-1058 (6) 3.4
0(2) 96 1 —0-0032(5) -0-0033 (5) 0-1433 (5) 26
03 96 1 —0-0355 (4) 0-0668 (4) 0-0604 (4) 1-8
0(4) 96 1 —0-0650 (5) 0-0793 (5) 0-1738 (6) 31
Ca(D 14-2 0-88(2) 0- X x 1-9
Ca(ll) 20-4 0-64(2) 0-2331(4) x X 2.7
Ca(l) 5.7 0-18(2) 0-063(2) x x 56
Ca(lln) 5.4 0-06 (1) 0-399(3) 0-093 (3) 0-090 (3) 31
H,0(D 10-9 0-34(6) 0-164 (3) x x 6-2
513K

Si 96 1 —0-0539 (1) 0-1230 (1) 0-0336 (1) 1-1
Al 96 1 —0-0566 (1) 0-0369 (1) 0-1217(1) 1-5
o 96 1 -0-1122 (4) 0-0016 (4) 0-1063 (4) 2.9
0(2) 96 1 —0-0038 (4) —0-0036 (4) 0-1411 (3) 2-3
0(Q3) 96 1 —0-0349 (4) 0-0670 (4) 0-0599 (4) 29
0(4) 96 1 —0-0612 (4) 0-0789 (4) 0-1736 (5) 34
Ca(D 15.5 0-97(2) 0 X X 2.0
Ca(lh 24.3 0:-76 (2) 0-2256 (3) X x 3.0
Ca(l’) 2-8 0-09(2) 0-058 (4) X x 3.2
Ca(lln 22 0-02(1) 0-080 (6) 0-078 (6) 0-399 (6) 2-3
H,0() 9.2 0-29(6) 0-160(4) x X 9-6
673 K

Si 96 1 —0-0545 (2) 0-1230(2) 0-0345 (2) 1-4
Al 96 1 —0-0560 (2) 0-0366 (2) 0-1216 (2) 1-0
o(l) 96 1 —0-1109 (5) 0-0007 (5) 0-1075 (5) 34
0(2) 96 1 —0-0040 (4) —0-0031 (4) 0-1424 (4) 2.1
03 96 1 —0-0354 (4) 0-0655 (4) 0-0636 (4) 1-8
0O(4) 96 1 —0-0596 (5) 0-0785 (5) 0-1730 (5) 2.7
Ca(l) 14-6 0-91(2) 0 x x 1-9
Ca(ll) 29-0 0-91(1) 0-2238(2) x X 3.7
Ca(l’) 26 0-08(2) 0-070(7) x x 4.3
Ca(lll 2.7 0-03(1) 0-122(4) —0-034 (4) 0-777 (4) 1-5
298 K (rehydrated)

Si 96 1 —0-0529(2) 0-1252(3) 0-0365 (2) 1-6
Al 96 1 --0-0536 (2) 0-0367 (2) 0-1250 (3) 1-4
o(1) 96 1 —0-1041(6) —0-0005(6)  0-1032 (6) 3.0
0(2) 96 1 -0-0017(6) —0-0028 (6) 0-1454 (5) 2-1
0(3) 96 1 -0-0332(6) -0-0781(7) 0-0762 (6) 3.0
0(4) 96 1 -0-0723 (6) 0-0709 (7) 0-1805 (7) 2.9
Ca(ll) 10-2 0:32(2) 0:251(D) x x 6-9
Ca(l’) 19-6 0-61(2) 0-0687(4) X X 2:2
Ca(Ilny 9.8 0-10(1) 0-046 (2) 0-042(2) 0-416 (2) 3.7
H,0(D) 29-6 0-92(5) 0-167(1) x X 3.8
H,0(2) 15-3 0-16 (3) 0-001 (3) 0-002 (3) 0-365 (3) 29
H,0(3) 9.7 0-10(3) 0-065(4) 0-064 (4) 0-422 (4 0-9
H,04) 6.1 0-13(4) 0-875 0-085 (5) 0-375 1-6
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atomic distances (calculated from positional param-
eters) to non-framework atoms within 2-3-2 A are
listed in Table 3. In the Ca-exchanged form all Ca ions
have been located, which is in marked contrast to
hydrated NaX (Smolin, Shepelev, Butikova & Pet-
ranovsky, 1983).

The siting obtained for Ca cations in the hydrated
zeolite is fairly consistent with Pluth & Smith (19735),
except for the interpretation of the electron density peak
in site II. This peak was assigned by Pluth & Smith to
water molecules because the distance to three
framework O(2) atoms was too long (3-11 A). In our
case this distance is 2-75 A and the investigation at
different temperatures confirms the cation nature of this
peak. An increase of temperature causes changes in the
cation environments resulting in cation migration. In
turn, the redistribution of cations in the crystal
influences to some degree the geometry of the alumino-
silicate framework. In Fig. 2 the siting of Ca cations
and that of water molecules are compared for the six
related structures of Ca-exchanged X zeolite: hydrated,
dehydrated at 348, 423, 573, 673 K and rehydrated in
air at 298 K. According to gravimetric analysis
(Costenoble, Mortier & Uytterhoeven, 1978) at 348 K,
approximately 60 water molecules remain in the unit
cell. As 20 water molecules are sited in the f-cage, it
may be assumed that the remaining molecules are
accommodated in the supercages. They were not
located. It can be seen that the water molecules in site
II' are the most strongly bonded. They are removed
from the structure only on heating above 573 K.

The analysis of Fig. 2 clearly demonstrates that the
dehydration at 348 K results in the migration of
cations. The effect is most pronounced for sites I and I":
the population of the former being increased and that of
the latter being reduced by approximately the same
amount. The cation migration in the direction of

Fig. 1. The structure of X zeolites.
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Table 3. Interatomic distances (<3-2 A) for the extra
Jframework cation and O atoms

298 K
Ca(il) -0(2) 2-75 (6) H,0(1) -0(2) 3-02(1)
—H,04) 314 (8) —H,0(1y 3.06 (2)
Ca(l’)y -0(3) 2-50 (1) H,0(2) —0(3) 2-80(1)
—H,0(1) 2.52.(1) H,0(3) —0(4) 3-10(6)
—H,0(2) 3.00 (1) -0y 3.15 (6)
—-0(2) 3-14 (1) H,04) —0(4) 283 (5)
Ca(lll) —H,0(4) 2-24 (6) H,0(5) —0(4) 2.70 (5)
—~H,0(3) 2.40 (8) —H,0(5) 2.78(7)
~H,03) 2:44(7)
-04) 2:55(2)
~H,0(5) 2:59 (6)
—H,0(5) 2:63(6)
—H, 04y 2:74 (6)
-0(1) 2.97(1)
—H,04)"" 3-01(6)
348 K
Ca(l) -—0(3) 2.44 (1) Ca(l’) —-H,0(1) 2-40 (5)
—Ca(l’) 3-13(3) —-0(3) 2:67(3)
Ca(ll) -0(2) 2-51(3) Ca(lll) —0@4) 2-4(1)
-04) 3-09(3) -0(1) 2:9(1)
Ca'(ll)y -0(Q2) 2:28(7) —Caqllly 2.9(1)
—H,0(1) 2-45(8) H,0(1) —H,0(1) 2-96 (7)
-0(4) 2.95(7) —-0(2) 3-13(4)
423 K
Ca(l) -0(3) 2:42(1) Ca(lly —Ca(Ily 2:4 (1)
—Ca(ly 2:72.(5) -0(1) 2-78(7)
Ca(ll) -0(2) 2:34(2) —-0o(1y 2-80(7)
—0(4) 2:98(2) H,0(1) —H,0(1y 2-8(1)
—H,0(1) 3.01(6)
Ca(l'’y -0(3) 2:46 (5)
—H,0(1) 2:67(8)
-0(2) 3-10(5)
573K
Ca(l) -0(3) 2.42(1) Ca(lll) -0(4) 2:2(1)
—Ca(l’) 2-54(9) -0O(1) 2-7(1)
Ca(ll} -0(2) 2-34 (1) -0y 2:7(1)
—H,0(1) 2-85(9) H,0(1) —H,0(1y 2:5(2)
—0(4) 2:86 (1)
Ca(lI'y —-0(3) 2.35(9)
—H,0(1) 2-8(1)
-0(2) 3-02(9)
673K
Ca(l) -0(3) 2-45(1) Ca(l) -0(3) 2:6(2)
—Ca(l’) 3-0(2) -0(2) 3.2(2)
Ca(ll) -0O(2) 2-30(1) Ca(lll) —0(4) 2:29(9)
-0(4) 2.82(1) —-0(1) 2:8(1)
-0y 3-.0(1)
298 K (rehydrated)
Ca(ll) -0(2) 2.65(4) H,0(1) —H, 00y 3.00 (5)
—H,0(2) 2-85(8) -0(2) 3-06 (3)
-0(4) 3.09 (4) H,0(2) —0(®4) 2.64 (1)
Ca(l'’y) —H,0(1) 2-52(2) —H,003) 2.6 (1)
—-0(3) 2:57(2) —H, 03y 3141
-0(2) 3-17(2) —H,0(3)” 3-1(1)
Ca(lll) —0(4) 2-52(5) H,0(3) —04) 2-5(1)
—Ca(llny 2:63 (4) -0(1) 3-1(D
—H,0(3) 2-8(1) —-0o(1y 3:2(1)
—H,0(4) 2-87(4) H,0(4) —0O(4) 3.02 (9)
—H, 03y 3.0(N
—-0O(1) 3-14 (4)

hexagonal prisms is most probably due to the fact that
after removal of water molecules the cations are in
unsaturated coordination in the f-cages. In hexagonal
prisms they find themselves in an octahedral oxygen
environment. With a further increase of temperature up
to 573 K the occupancy of site I increases and the
number of Ca atoms in the f-cage decreases.

The population of cation position II also graduall:
increases with increasing degree of dehydration, depen-
ding on temperature. At the first stage some of the
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cations in this site may approach the O atoms of the
framework by loosing water molecules from their
environment. This could be the reason for the splitting
of the electron density peak in site II. The increase in
population of site II is most probably due to the
migration of Ca atoms to this position from the

neighbouring sites II' and III. At 673K, when
N
30
20 , 298 K
H (rehydr. ) ]
" - 1
H . 194
N
30
2 673 K
10 I
| L, . . 1
N
30
20 573 K
of | ,
{ 1 H . 1
N
30
20 423 x
10 : |
| ]
N
30
20 \ 348 K
]
10 l | |
| PR 1
N
30 |
20 ! 298 K : :
10 I ! : ! !
|
1 , . l —— J_L.Ll_
00 10 .20 30
sI st st | six SIII

Fig. 2. Distribution of cations (full lines) and water molecules
(dashed lines) in CaX zeolite at various temperatures. N is the
population of all sites.

573 673 K

2-98 348 423

Fig. 3. The occupancy factors as a function of temperature in CaX
zeolite.

ATOMIC SCALE MECHANISM OF CaX ZEOLITE DEHYDRATION

Table 4. Selected Si—O—Al bond lengths (A) and
angles (°) for framework atoms

298K 673K 298 K 673K
Si—0O(1) 1-65 (1) 1.62 (1) Al-0(1) 1.69 (1) 1-68 (1)
—-0(2) 1-65 (1) 1.68 (1) -0(2) 1-70 (1) 1-72.(1)
—-0@3) 1-66 (1) 1-68 (1) -0(3) 1:71(D) 1:70 ()
-0) 1.64 (1) 1:62 (1) -04) 1:70 (1) 166 (1)
Average 1.65 1.65 Average 1-70 1-69
298K
298 K 348K 423 K 573K 673 K (rehydrated)
Si—O(1)-Al 139-8(5) 132:6(9) 128-2(9) 127-8(6) 128-0(8) 143-9(9)
Si—O(2)-Al 143.0 (5) 141.8(9) 139-7(8) 144.0(6) 142:2(D) 141-8 (9)
Si—O(3)-Al 137:9(5) 129-0(8) 128-2(7) 128-4(6) 130-3(7) 143-2 (9)
Si—O(4)-Al 139-1(5) 155:2(9) 160-1(9) 165-9(8) 167-8(9) 137.7(9)
Average 140-0 139-6 139-0 141-5 142-1 141-6

practically all water molecules are removed, about 90%
of all cations are sited in two positions, which is
consistent with the data for dehydrated CaX zeolite
given by Pluth & Smith (1973a). The re-siting dynamics
of the cations is shown in Fig. 3 as a function of
temperature.

During rehydration an inverse cation migration takes
place and the site occupancies become close to those for
the initial hydrated form. However, the new distribu-
tion of water molecules is slightly different. For
example, after rehydration the water molecules did not
return to the hexagonal prism. This fact is probably due
to cation blocking of the prism windows.

The changes in cation siting during dehydration
cause marked variations in the Si—O—Al angles. The
Si—O and Al-O bond distances in SiO, and AlO,
tetrahedra are not so sensitive, and therefore in Table 4
these values are given for the two extreme temperatures
only. The values of the Si—O—Al angles are given for
all temperatures. Despite the fact that some angles
change significantly, their mean values at various
temperatures are similar, which could explain the
constancy in the unit-cell size.
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