
LETTE R. S To THE EDITok

The Syace Lattice and "Suyexlattice" of Pyrrhotite

Both paramagnetic and ferromagnetic solid solutions of
pyrrhotite (FCSr.og

—FCSi.i2) may be found which are
outmardly at least structurally isomorphous. The latter
has anomalous ferromagnetic and gyromagnetic properties.
In solutions from 50.0 to 51.2 mole percent sulfur (cor-
responding to Fei9S20) however, a ".superlattice, " in addi-
tion to the basic hexagonal lattice, has been reported. '
As reported, the symmetry of the "superlattice" is also
hexagonal, but the (110) axis of the old elementary cell
(of the nickel arsenide type) becomes the g axis of the
super cell, while the c axis of the old cell is doubled in

length. At about 51.6 mole percent sulfur the "super-
lattice" is said to disappear and ferromagnetism to appear.
The relation of the "superlattice" to ferromagnetism has
been further investigated by us through x-ray studies of
single crystals, as well as of powder specimens of both
ferromagnetic and paramagnetic pyrrhotite.

The evidence for the presence of a "superlattice" in
paramagnetic pyrrhotite has been con6rmed by means of
powder di6'raction spectra made with 61tered chromium
radiation of samples of natural and synthetic pyrrhotite. '
Further, identically the same evidence has been obtained
from both natural and synthetic ferromagnetic pyr-
rhotites. ' The di8'raction lines reported' for the "super-
lattice" are found present in varying number in. the dif-
fraction patterns of all the specimens studied.

X-ray diffraction studies have been made on a ferro-
magnetic single crystal from Minas Geraes, Brazil, ' and
on a par amagnetic single crystal from Maggiadonc,
Italy. 4 In addition to Laue photogr'ams, rotation photo-
grams about the a, c, and (110) axes have been prepared
with filtered molybdenum radiation. These photograms
lead to a hexagonal lattice with the following dimensions:

eo, 3.453 +0.009A; co, 5.670&0.020A;
diio 5.976&0.029A; c/g 1.644.

mately 2. The space groups Day' and Cs, , which give the
same characteristic halvings as those found, have not been
considered, since, mhen the number of equivalent points
is only 2, these groups reduce to two of those given above
as far as the atomic positions are concerned; further, these
two groups are likely eliminated by virtue of the Laue
symmetry observed.
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Certain restrictions are imposed on the relative amounts
of the diferent kinds of exchange forces in the general
symmetrical interaction operator by the requirement that
thc binding cnelgy pcr particle in hcRvy nuclcRl systems
falls below a constant upper bound which is independent
of the number of particles. ' In particular this condition
must be satis6ed when the statistical method is used to
calculate the binding energies of heavy nuclear systems
containing (1) equal numbers of neutrons and protons
with zero total spin, (2) neutrons only with zero total
spin, (3) equal numbers of neutrons and protons with all
spins parallel, (4) neutrons only with all spins parallel.
Applied to the interaction operator'

The same values of the parameters, within the experi-
mental error, were found for both the ferromagnetic and
the paramagnetic crystals.

All the distractions observed from the single crystals,
without exception, mere identified as due to re8ections
from the planes of the basic lattice. In contrast to the
powder diffraction data, diffraction spots corresponding to
the reQections from the planes of the "superlattice" alone
were not observed on the rotation photograrns of either
the ferromagnetic or the paramagnetic crystals, although
from the point of view of intensity it was found possible
for' them to appear. Hcrlcc, this cvidcncc docs not support
the existence of a "superlattice" in the single crystals of
pyrrhotite studied in this investigation.

The Lauc photograms of both crystals appear to have
the symmetry D6y, . Di6'ractions from the general planes
(hkl) appear in all orders. Characteristic halvings are
(00/) and (khan). Accordingly, the most probable space

. groups are D6@~, C6,4, and Day~.

The density of certain powder specimens has been deter-
mined by us as 4.55 gjcc. Using this value, the number of
molecules of pyrrhotite per elementary cell is approxi-

with 8'+&+8+%=1, the requirement yields the set of
simultaneous inequalities'

ci =—4S'—M+28 —2H~O,
c2 —=2%"—M+ 8—2II~O,
c3=26'—&+28—II~0,
c4—= 8'-M+ 8—H~O,

each obtained from the correspondingly numbered type
of nuclear system. The condition on c4 is not independent,
but follows from c3~0. The conditions on cr and c~ werc
6rst derived in reference 1. Kemmer' has recently given
the third inequality. If, for reasons which have been dis-
cussed elsewhere, ' ' we take ci=O, the remaining in-
equalities reduce to

M+2H~O, 3II—28~0.
An independent restriction, s M' —28~II', is required by
the instability of odd-odd nuclei heavier than 2P4.

From ci ——0, Kemmer's inequality, and the relation
8'+M —8—II~0.5 6xed by the scattering cross section




