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MINERALOGICAL NOTES

THE CRYSTAI STRUCTURE OF HEULANDITE
(ca, Nat lAlrsi?ors]. 6Hro

A. B. X{BnrLE AND NI. Sr.,q.ucurnx, Crystaltrography Laboratory,
Department of Geology, Uniaersity oJ Missouri,

Columbia, M issouri.

The zeolite heulandite has been reexamined in order to classify it
structurally with other members of the zeolite group. An unrefined struc-
ture for heuiandite has been determined from three-dimensional equi-
inclination Weissenberg data. This new structure differs signifiantly
from that proposed by Ventriglia (1955) and shows strong similarit ies
with other closely related members of the zeolite family.

The single crystals used in this study are from a sample found at

Giebelsback, near Fiesch, Wallis, Switzerland. A chemical analysis of
the sample gives the following formula (Ca,Sr,K2)1.2[Alr.nSru.uOtr] '

(HrO)r.u. There are four formula weights per unit cell. 'The parameters of
the monocl in ic  cel l  are a:17.73,  b: t7.82,  c :7.43 A,  and F:1I6"20 ' .
Systematic absences and the zero moment centricity test indicated space
group Cm or C2.

Three-dimensional Patterson maps were made at intervals of 0'05
along the b-crystallographic axis. From these maps the minimum func-
tion retrieved three independent silicon atoms forming an eight-member
ring lying in the Dc plane and perpendicular to a mirror, and indicated
space group Cal. Successive three-dimensional Fourier syntheses based
on these atoms, and the vector checking of new atomic sites with the
Patterson maps led to the determination of the remaining framework
atoms. Subsequent Fourier maps indicated calcium distributed over
three positions on the mirror, and the locations of most water molecules
in the structure.

The crystal structure of heulandite is characterized by large intersect-
ing channels composed of l2-, 10-, and S-member rings open across the
mirrors and tied together by layers of 6-, 5-, 4-member ring groups
located at heights of about f and t along 6. The bc crystallographic plane
is composed of S-member rings held together by 4- and 6-member ring
groups. Figure 3 shows the general arrangement of the silica atoms in this
plane. The oD crystallographic plane is composed of a combination of 8-
and 12-member rings held by a complex arrangement of 6-, 5-, and 4-
member groups (Fig. 1). Heulandite's excellent cleavage (010) is shown
by the presence of the open channels at heights of 0 and ] on the b axis.
The calcium atoms lie on special positions in the open channels near the
intersection of the 8- and 12-member rinss. and thev are surrounded
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o = t7,73 A.
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Irrc. 1. The arrangement of silica atoms in the ab crystallographic plane of heulandite
showing open channels of 12- and S-member rings held by a complex of 6-, 5-, and 4-member
rlng groups.

Frc. 2. The arrangement of sitica atoms in the ab crystallographic plane of mordenite
(adapted f rom Meier,  1961;

Frc. 3. The arrangement of silica atoms in the bc cr1'stallographic plane of heulandite
showing open channels of 8-member rings held by 6- and 4-member ring groups

Frc. 4. The arrangement of silica atoms in the bc crystallographic piane of brewsterite
(adapted from Perrotta and Smith, 1964).

by partially occupied water sites in both general and special positions.
Table 1 is a listing of the unrefined coordinates for all atoms in the cell.
Average isotropic temperature factors for the preliminary structure are:
Si-0.88, 0-2.02, Ca-1.00, and H2O-4.08; the average bond lengths
of  the f ramework atoms are:  Si -Si :3.13,  Si -O:1.65,  and O-O:2.68
A. the discrepancy index, R, for the preliminary structure is 0.20.

This new heulandite structure shows strong similarit ies to zeolite
structures previously determined by other workers and classified by
Smith (1963). The oD crystallographic planes of mordenite (l,Ieier, 1961)
and heulandite are similar. They differ only in that the four-member ring
groups of mordenite are not present in the heulandite structure. These
similarities are easily seen by comparing Figures I and 2. Absence of the
four-member ring groups in heulandite is indicated by a smaller 6o
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Tenr,r 1. Hnur,exortr: UNrrlrNro Arourc CoonotN.a.tes
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dimension, equal to 17 .82 L compared to a bo dimension of 20.49 A in
mordenite. Comparison of the Dc crystallographic planes of heulandite
and brewsterite Perrotta and Smith (1964), Figures 3 and 4 show similar
arrangements of the 8-, 6-, and 4-member rings. This simiiarity is also
s-een by the nearly equal cell dimensions of heulandite (b:17.82, c:7.43
A) and brewsterite (b:17.51, c:7.74 A) in tnis crystallographic plane.

Full matrix least squares refinement of the structure is presently
underwav. A more detailed description, interpretation, and listing of
data of the refined version of this structure is planned for publication at
a later date in this journal.

This research project is supported by a National Science Foundation
Grant NSF GP-470.
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GROWTH OF SYNTHETIC CATCITE SINGLE CRYSTATS

J. F. NnsrnR AND J. B. ScnnoBoER, The Perkin-Elmer Corporation,
Resear ch Department, N orwalk, C onnecticwt.

Calcite is an important optical material because of its high birefrin-
gence and availabil ity as large, good quality, natural crystals. While size-
able quantit ies of natural calcite cryslulr are found in the earth's crust,
at present all important sources of high qualit l 'crystals are foreign, and
since the availabil ity of these crystals at reasonable prices cannot be
assured, we have undertaken a program to explore the possibil i ty of pro-
ducing large, high quality calcite crystals in the laboratory.

Growth from a stoichiometric melt is rendered very difficult by virtue
of the high partial pressure of COz over CaCO3 at high temperatures
(Smythe and Adams, 1923). Published data (Jamieson, 1960) indicates
that the application of pressure tends to stabil ize the aragonite structure
of CaCOs. On the other hand, most natural calcite is formed hydrother-
mally and small, synthetic crystals of unspecified quality have been pre-
pared by this technique (Ikornikova, 196l). The low solubil ity of CaCOe




