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Synopsis. The crystal structure of hydrated mor-
denite, yielded at Hokiyadake, Nagano City, Japan,
Na1.4Caz9Al7.28i408096 - nH20, were refined to R=0.070 for
1526 observed reflections. Notable ordering of the aluminum
positions of the aluminosilicate framework was observed.

Study of the location of aluminum atom in mor-
denite provides a basis for the interpretation of its
catalytic properties. All structure determinations for
mordenite so far reported have been done on a speci-
men from Challis Valley, Idaho.1=? The structure
revealed the weak electron density peaks other than
the Cmcm stacking. Here we report the structure of
another mordenite obtained at Hokiyadake, Nagano
City, Japan, which has a distinct ordering of alumi-
num atoms in the AlSisOi: silicate framework. The
calcium atoms populated as dominant cations in this
mordenite.

Experimental

Single crystals of natural mordenite from Hokiyadake,
Nagano City, Japan were ion-exchanged with 1M HCI
solution at room temperature for 24h, yielding the com-
position, Nai4Caz9Al72S5140809nH20 from atomic absorp-
tion and ICP spectrometry. A needle crystal with dimen-
sions of 0.20X0.08X0.06 mm was used for the X-ray mea-
surements. The crystal data are: Naj4Ca29Al72Sis0809"
nH20, orthorhombic, Cmcm, a=18.089(3), 5=20.412(4),
c=1.504(1)A, U=2771(2) A%, d.=1.80 gcm3, u(Mo Ka)="7.88
cm1, A(Mo Ka)=0.7107A. Intensity data were collected on a
Rigaku AFC-5 automated four-circle diffractometer with
graphite monochromator up to 20=60°. Cell parameters
were refined by a least-squares method on the basis of 15 26
values for Mo Ka radiation (20°<20<<40°). 1526 unique
reflections with | Fo| >30(| Fo|) were measured. No absorption
correction was made. Cations and water molecules were
located and the structures were refined by the alternating
use of least-squares and Fourier methods, the UNICS-III
computation program system?® being employed. Final R
value for the hydrated sample is 0.070 for 1526 observed
reflections. In the final cycle (4/0)mx was 0.2 for the x
coordinate of O(6). No peaks higher than 0.35e¢A-3 were
observed in the final difference density map. Complex
neutral atom scattering factors from the International
Tables for X-Ray Crystallography? were used. Tablel
gives the positional parameters for the silicate framework
atoms and the cations.*

Results and Discussion

Interatomic distances and bond angles in the mor-
denite framework are listed in Table 2. The funda-
mental framework showed no stacking faults in con-
trast to the previous results reported by Mortier et
al.? Chemical analysis showed that Ca2*and also Na*
remained in spite of prolonged ion-exchange by 1 M
HCI (1 M=1 mol dm~3) and that the former dominates
by far over the latter. Therefore, extra framework

TABLE 1. POSITIONAL PARAMETERS (X104) AND EQUIVALENT
ISOTROPIC TEMPERATURE FACTORS
B..=4/33):3YBjaia;.®
X y z B.,/A?
TI1(AL) 2008(1) 4279(1) 5413(3) 0.9
T2(AL) 1959(1) 1915(1) 5461(3) 1.1
T3(AL) 873(1) 3854(1) 2500 0.8
T4(AL) 859(1) 2278(1) 2500 0.8
01 1250(3) 4188(3) 4322(9) 2.7
02 1230(3) 1945(3) 4241(9) 2.7
03 2642(4) 3774(3) 4835(10) 3.9
04 955(4) 3057(4) 2500 3.3
05 1674(4) 1964(5) 7500 3.2
06 1821(4) 4212(5) 7500 2.5
07 2346(5) 5000 5000 2.2
08 2500 2500 5000 4.5
09 0 4114(6) 2500 2.0
010 0 2051(6) 2500 1.9
CA 0 5000 0 3.9
TABLE 2. INTERATOMIC DISTANCES AND BOND ANGLES
IN THE MORDENITE FRAMEWORK
T1-01 1.609(5) 03-T1-01 112.9(3) TI1-01-T3 144.9(3)
T1-03 1.616(6) 03-T1-06 111.1(4) T2-02-T4 145.0(3)
T1-06 1.610(2) 03-T1-07 104.8(3) T2-03-T1 157.5(6)
T1-07 1.625(3) 01-T1-06 107.9(3) T4-04-T3 168.7(5)
01-T1-07 109.6(3) T2-05-T2 143.1(7)
mean 1.615A 06-T1-07 110.7(3) T1-06-T1 153.1(6)
T1-07-T1 135.6(7)
T2-02 1.606(5) mean 109.5°  T2-08-T2 180.0(5)
T2-03 1.588(5) T3-09-T3 145.0(6)
T2-05 1.610(3) 08-T2-02 110.5(2) T4-010-T4 146.8(6)
T2-08 1.583(2) 08-T2-03 107.7(4)
T 08-T2-05 110.8(3) mean 152.0°
mean 1.597 A 03-T2-02 109.6(5)
03-T2-05 109.6(5)
T3-01 1.664(5) 02-T2-05 106.4(3)
T3-04 1.639(7)
T3-09 1.656(4) mean 109.0°
mean 1.656A 01-T3-01 109.8(3)
04-T3-09 112.5(4)
T4-02 1.620(5) 04-T3-01 111.4(2)
T4-04 1.588(7) 09-T3-01 105.7(3)
T4-0101.616(3)
mean 109.4°
mean LOILA g0 10 00 108.1(3)
04-T4-010 112.9(4)
04-T4-02 111.6(2)
010-T4-02 106.2(3)
mean 109.4°

electron densities were assigned to Ca2+, Na*, and
orderly adsorbed water molecules. Ca2*is located at the
center of the six-membered rings, whereas the cation in
the main channel is ascribed to Na* since the former
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Fig. 1. The crystal structure viewed down along the c
axis. WO stands for ordered water molecule.

electron density exceeded by far than the latter.

The T(Si or Al atoms)-O distance was influenced
by the Si and Al contents and their positions in the
framework. The overall mean T-O distance of 1.620 A
compares well with the typical values for the mor-
denite as shown in Table 2. The mean T3-0 distance,
1.656 A, is longer than the other T-O distances, which
is suggestive of more probable accumulation of the
aluminum atoms on the T3 site than on the remain-
ing three. Figure 1 shows the crystal structure viewed
down along the c axis. The Ca2* at (0, 1/2, 0) was
not exchanged by 1M HCI. This is explained by the
existence of ordered AlO7 tetrahedra at T3 site. The
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larger charge 2+ of Ca2* rather than Na* could favor
the charge compensation of Al1OQz. The presence of the
mirror plane (100) in Cmcm may lead to unfavorable
charge distribution of the neighboring AlOjf tetra-
hedra. Thus, Al(T3) and adjacent symmetry related
Al(T3’) atoms might be statistically disordered, and
the space group Cmcm adopted in the present inves-
tigation represents a pseudo-symmetry.

The structure for dehydrated mordenite was also
determined. The cell dimensions reduced to a=
17.941(4), b=20.276(6), c=7.482(2) A by dehydrating a
capillaried sample at 10-5 Torr and 350°C for 48h.
During dehydration the Na+ remaining in the center of
the large channel, which occupied the two positions at
random near the center, moved to the side wall of the
main channel, and the T3-09-T3’ angle changed by up
to 8.1° (1.4°) with mean change of 2.2°. The remark-
able ring puckering of the framework skeletons re-
duced the symmetry from Cmcm to the lower space

group.

The authors wish to thank Dr. A. Kato for supplying
the mordenite sample.
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