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The paulingite structure can be described as an invariant transformation of the gismondine structure.
Packets of a fourling construction of the gismondine structures, which is closely related to the merli-
noite structure, are used to build the structure of paulingite as an interpenetrating sixling.

The paulingite structure is considered to
be one of the most complex of all silicate
structures. The cubic unit cell, with a =
35.09 A, contains 672 silicon and aluminum
atoms, 1344 oxygen atoms in the zeolitic
framework, and about 800 more atoms in
the cages. Samson et al. (1), who deter-
mined the composition and structure (space
group Im3 m), describes it as built up of the
structural units A, B, C, D, ,, and H,,. Of
these, A has been observed in Linde A (2)
and B in ZK-5 (3), but the configurations C,
D;;, and H;, seem to be unique for
paulingite.

With due respect to Samson, who
showed tremendous enterprise in solving a
structure of such formidable size, we can-
not help but find his original description dif-
ficult to understand. After deriving the rela-
tionship between gismondine, phillipsite,
and merlinoite (4, 8), we think that the gi-
ant structure of paulingite can now be de-
scribed in a very simple way.

In Fig. 1 we show how a gismondine
(5, 7) unit repeats by cyclic translation to a
fourling unit, with slabs of phillipsite (6)
formed in the twin planes and a large
column of the merlinoite structure in the
center. In Fig. 2 we show in projection that
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part of the gismondine fourling which is
used to build the structure of paulingite. In
Fig. 3a two of these packets are shown in
the form of a model with only (Si, Al) at-
oms.

By using the merlinoite unit cell orienta-
tion, it is easy to find the matrix which in-
terrelates the atomic positions of these dif-
ferent structures:

0
0
i

A “‘unit cell”” similar to that for merlinoite!
may be derived from this matrix for the reg-
ular tetrahedra in Fig. 2. This has a =
2d(V3 + 1) and ¢ = 4d(V2/V3), where d
is a tetrahedral edge, and the atomic coordi-
nates are
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The 7%96 (Si,Al) atoms are divided into
two sets of positions, 2x48 and 6x96. The

y=4%andz =4

! Note that the unit in Fig. 2 is not exactly merli-
noite, because the eight tetrahedra in the corners still
have to be inverted. .
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FiG. 1. A fourling construction of the gismondine
structure (shaded, upper left) which gives the phillip-
site and merlinoite structures. The frame in the center
contains a column of the merlinoite structure and the
twin planes (arrowed) contain the phillipsite structure.

eight atoms in the asymmetric unit can be
seen in Fig. 2 and in the blue unit packet of
Fig. 3. By using the matrix given above a
general expression for the (Si,Al) atom co-
ordinates of the paulingite structure is ob-
tained:
x=gmn=13,17,13,19,17, 13, 11, 7;

_ht V3 .
y= Ts

n=-12, -12, —12, -6, 6, 6, —6, —6;

ANDERSSON AND FALTH

FiG. 2. The smallest frame represents the gismon-
dine unit used to calculate the coordinates for
paulingite structure. The middle-sized frame shows, in
projection, the sixling unit that builds into the
paulingite structure (see blue unit in Fig. 3). Such six-
ling units interpenetrate so that even larger units of the
fourling construction (framed by dashed lines) can be
found in paulingite (see Fig. 3).

n+\/§_
42 °
n=6 -6, -6,0,0,0,0,0.

Z=

These coordinates are compared in Table
I with those of Samson et al. (1).

The smallest unit of Fig. 2, which corre-
sponds to the assymmetric unit of the
paulingite structure, is a piece of the gis-

TABLE I

Coordinates calculated Samson’s Coordinates calculated from

from regular tetrahedra coordinates the gismondine structure

x y Z x y b4 x y Z
1 0.310 0.245 0.184 0.3137 0.2500 0.1863 0.3130 0.2497 0.1869
2 0.405 0.245 0.102 0.4021 0.2500 0.0979 0.4013 0.2497 0.0987
3 0.310 0.245 0.102 0.3132 0.2498 0.0979 0.3133 0.2433 0.0932
4 0.452 0.105 0.041 0.4558 0.1072 0.0443 0.4559 0.1069 0.0442
S 0.405 0.184 0.041 0.4019 0.1782 0.0448 0.4007 0.1748 0.0497
6 0.310 0.184 0.041 0.3126 0.1785 0.0441 0.3120 0.1793 0.0432
7 0.262 0.102 0.041 0.2592 0.1073 0.0445 0.2581 0.1104 0.0491
8 0.167 0.102 0.041 0.1708 0.1076 0.0441 0.1701 0.1069 0.0442
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F1G. 3. Two fourling units of the gismondine structure which build packets of the paulingite struc-
ture.

mondine structure which, in arecent refine- nates of the gismondine and the paulingite
ment (5, 7), was reported as pseudotetrag-  structures now becomes

onal, with the monoclinic cell a = 10.226,
b = 10.432, c = 9.884 A, and B = 88°19,
space group I2.

The matrix which interrelates the coordi-
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FiG. 4. The structure of paulingite, with only the (Si, Al) atoms shown. The red unit is the fourling of
the gismondine structure (shown in Fig. 3) which builds into the paulingite structure by a reflection

translation operation, shown by the red, green, and yellow units, which are identical with the blue. The
green units are at the corners of the cubic unit cell.
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The coordinates, shown in Table I, are
calculated after allowing for the appropriate
coordinate system shifts. The agreement
with the observed coordinates for
paulingite is excellent, and shows that the
symmetry of gismondine is conserved dur-
ing this transformation, or very nearly so.

The full structure of paulingite is shown
in Fig. 4. The green, red, and yellow struc-
ture packets are all identical fourling units
of the gismondine structure, put together
with a reflection translation operation. This
provides an excellent example of the gen-
eral description of crystal structures formu-
lated recently (8), in which it is said that a
part of a structure is used in various opera-
tions to yield another (more complex)
structure. Of the new structure obtained a
new part may be repeated to form a new
structure again etcetera.

ANDERSSON AND FALTH

Acknowledgment

We express our gratitude to the Swedish Natural
Science Council for support.

References

1. E. K. GorDON, S, SAMSON, AND W, B. Kams,
Science 154, 1004 (1966). ‘

2. T. B. REep AnND D. W. BReck, J. Amer. Chem.
Soc. 18, 5972 (1956).

3. W. M. MEIER AND G. T. KoKOTAILO, Z. Kristal-
logr. 121, 211 (1965).

4. S. HaNSEN, L. FALTH, AND S. ANDERSSON, J.
Solid State Chem. 39, 137 (1981).

5. A. ALBERTI AND G. VEZZALINI, Acta Crystallogr.
Sect. B 35, 2866 (1979).

6. R. RINALDY, J. J. PLUTH, AND J. V. SMITH, Acta
Crystallogr. Sect. B 30, 2426 (1974).

7. E. GarLl, G. GOTTARDI, AND D. PONGILUPPI,
Neues Jahrbuch Mineral. Monatsh. 1978, in press.

8. S. ANDERsSSON AND B. G. HYDE, Z. Kristallogr.
158, 119 (1982).



