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Garnet structure refinements

For almost thirty years after the publication of MENzZER’s papers’.?,
no garnet structure refinement was made. However, the recognized
potential importance of the iron garnets led us to carry out the
structure refinement of yttrium iron garnet® as soon as a single
crystal, grown by Niernsex and Dearponrx® became available,
Since then, at least two other refinements of the yttrium iron garnet
structure have been made12, Some carly work was done on powders
by x-ray diffraction® and neutron diffraction' techniques by the
French investigators.

MENZER’s original paper? gave the mathematical details of the
equipoint positions of the space group Ia3d to which the garnct
structure belongs. The cations are all in special positions with no
positional degrees of freedom, while the oxygen atoms are in the
general positions (see Table 1). Tt is possible to refine the oxygen
parameters by choosing to measure those intensities to which only
oxygen atoms contribute; these are k&l with two indices odd and the
third divisible by 4 and kL0 with k, (k) = 8n and (h), k = 2m (n, m
odd). There are others, e.g. hk2: 12, 4, 2 and 14, 6, 2; hk4: 12, 6, 4,
There is also a large number of structure amplitudes which have

Table 1. Description of garnel structure

Point symmetry 222 3 1 il
Space group position 24 ¢ 16a 24d 96
Typical ideal formula {Cag} [Al:] (Si3) (U
Coordination to oxygen 8 6 4

Type polyhedron Dodecahedron  octahedron tetrahedron

(distorted cube)
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{otal cation contributions of the form - 8(f7—f7) sin}ah, where
i, ji ave the room temperature scattering factors of atoms in the
- and d sites, respectively. The reflections involved have h, I, odd,
] = 2n, n odd (h, k, I permutable).

] have mentioned the intensities which should be most sensitive
to the oxygen parameters, as an aid to those who might wish to
determine only the oxygen positions of garnets. I have already
<hown! that it is necessary to use a more nearly complete set of data
if one wishes to obtain thermal parameters of all the ions involved.

Good drawings of the garnet structure may be found in Ref-
erences2:13:35. The greatest appreciation of the~structure can be
obtained from a three-dimensional model now purchasable from at
Jeast two different sources. A word description of the structure is
given in Table 1.

Because of the importance to the magnetic properties and the
crystal chemistry of the different coordination polyhedra in the
garnet, Fig. 1 gives the surroundings of an oxygen ion in grossularite,
the figure being taken from the Abrahams-Geller paper??.

Silicate garnets

Since the first refinement of a garnet structure, that of yttrium
iron garnet®, there have been several others. Five refinements have
been made of silicate garnets: a grossularite from Chihuahua, Mexico
by Apramays and GELLER'?, synthetic pyropes by ZrMaNN and
ZeMANNIS, and by Gisss and SyMiTH'®, a natural pyrope by EuvLer
and Bruce!? and a grossularite from Xalostoc, Mexico by PraxprL16,
The last is the most recent one reported; it was based on both x-ray
and neutron data.

The results obtained by PraxpL!® indicate that if there are any
differences in positional parameters resulting from the neutron vs the
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