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Table 2. The atomic positional and thermal parameters of SrO.2A1,0;

Positional error: +0-0010. Temperature factor error: +0-002.

Sr o(1) Al(l)
X 0 0 0-1686
Y 0-8099 0-5253 0-0873
zZ 0-25 0-25 0-2939
B 0-00192 0-00151 0-00127
B2z 0-00332 0-:00209 0-00267
B33 0-00969 001169 0-00788
B2 0 0 0-00018
B3 0-00054 0-00051 0-00035
B3 0 0 0-00012

References

Boyko, E. R. & Wisnyi, L. G. (1958). Acta Cryst. 11, 444.

Busing, W. R., MaArTIN, K. O. & Levy, H. A. (1962).
ORFLS. Oak Ridge National Laboratory, Oak Ridge,
Tennessee.

COCKAYNE, B. (1966). J. Amer. Ceram. Soc. 49, 204,

GEeusic, J. E., Marcos, H. M. & VAN UITERT, L. G. (1964).
Appl. Phys. Letters, 4, 182.

Acta Cryst. (1972). B28, 2626

Al(2) 0(2) 0(3) 0(4)
0-1212 0-1188 0-1246 0-1899
0-4400 0-0374 0-2582 0-4446
[0-2644 0-5442 0-1703 0-5965
0-00138 0-00197 0-00260 0-00200
0-00267 0-00363 0-00234 0-00451
0-00852 0-00759 0-00698 0-00646
—0-00001 0-00066 —0-00015 0-00012
0-00072 0-00123 —0-00094 0-00062
—0-00063 000050  —000074  —0-00052

GoopwiN, D. W. & Linpop, A. J. (1970). Acta Cryst. B26,
1230.

GoopwiN, D. W, & Linpop, A. J. (1972). To be published.

International Tables for X-ray Crystallography (1965). 2nd
ed. Vols. 1I and 11I. Birmingham: Kynoch Press.

Linpop, A. J., BarRTON, 1. J. & GoobwiN, D. W, (1972).
J. Phys., C, Solid State Physics, §, 1519.

Massey, G. A. & YARBOROUGH, J. M. (1971). Appl. Phys.
Letters, 18, 577.

An X-ray study of the low temperature form of MgSiFe.6H,0 and the relation between the crystal lattices
of low- and high-temperature forms. By S.Syovama and K.Osak1, Faculty of Pharmaceutical Sciences, Kyoto Uni-

versity, Sakyo-ku, Kyoto, Japan

(Received 4 March 1972 and in revised form 7 April 1972)

A phase transition was found in MgSiFs.6H,0 at about 25°C. The crystal lattices of the low- and high-
temperature forms are closely related, and the space groups are P2;/c and R3m respectively. The crystal

structure of the low-temperature form is presented.

Introduction

A number of hexahydrates of the type MGX,.6H,0 have
been reported to have a CsCl-like structure with one for-
mula unit in the rhombohedral cell (Wyckoff, 1965), but
atomic coordinates have been given for only NiSnClg.6H,0
(Pauling, 1930) and FeSiF¢.6H,0 (Hamilton, 1962). For
the latter the crystal symmetry observed was R3m, in con-
trast to R3 for the former, and was interpreted by Hamilton
to be a result of disorder on a microscopic scale.

A phase transition in this series has been found by optical
methods for MnSiFs.6H,0 (Tsujikawa & Couture, 1955)
and a monoclinic symmetry has been suggested for the
low-temperature form of Mn- and CoSiF,.6H,O on the
basis of the X-ray photographs taken at liquid nitrogen
temperatures (Kodera, Torii, Osaki & Watanabé, 1972).

A description of some extra reflexions in an early report
by Hassel & Salvesen (1927) led us to study MgSiFs.6H,0
in detail, in the hope of finding a low-temperature form
existing even at room temperature.

Structure of the low-temperature form

Crystals of the low-temperature form were obtained by add-
ing powdered MgCO; to an aqueous solution of H,SiFs

and evaporating the solution at about 20°C. Most of them
were twinned, and the single crystals used for the X-ray
analysis were first selected under a polarizing microscope
and then checked by taking Weissenberg photographs. The
single crystals became twinned very easily with the applica-
tion of small uneven pressure and had to be handled with
particular care.

Crystal data; MgSiF,.6H,0, space group P2,/c, lattice
constants, a= 6460, b=9-524, c=8-460 A (all +0:005 A),
B=99°24"+3', D,=1-77, D.=1-780 g.cm~3, Z=2.

Intensities recorded with Cu K« radiation on Weissen-
berg photographs taken about the b axis (0 to 6 layers) were
estimated visually. An absorption correction (ur=2-0) was
applied assuming a spherical shape for the crystal. The
number of independent reflexions obtained was 709.

The structure was solved using three-dimensional Pat-
terson and Fourier syntheses and was refined by full-matrix
least-squares calculations to an R value of 0-138, at which
stage the refinement was terminated because of the unfavour-
able shape of the crystals used. The structure obtained con-
sists of octahedral ions [Mg(H,0).J** and [SiF¢)*~ arranged
in a slightly distorted CsCl structure. Fig. 1 shows the ar-
rangement of the two ions in the b-axis projection. The
atomic coordinates are given in Table 1 and correspond
closely to those given for FeSiFs.6H,0 by Hamilton if the
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latter are transformed to the appropriate coordinate sys-
tem. Fig. 2 is a projection along the pseudo-trigonal axis,
corresponding with Fig. 2 of Hamilton (1962), and shows
that the [Mg(H,0))** ions in this case are surrounded by
[SiFs)*~ ions with two different orientations. The structure
here determined explains the appearance of ‘six inequivalent
Mn?* ions’ in a p.m.r. study by Arakawa (1954) if it is as-
sumed that the specimen used there consisted of threefold
twins of the low temperature form.

Table 1. Positional and thermal parameters

X y z B
Mg 0-0 0-0 00 0-81
Si 0-500 0-500 0-0 0-60
o(1) 0-267 —0-131 0-050 2-12
0(2) 0-186 0-173 0-090 1-90
0(3) —0-064 —0-036 0-230 1-66
F(1) 0-380 0-140 0-412 1-42
F(2) 0-275 —0-085 0-472 1-52
F@3) 0-549 —0-055 0-323 1-33

Relation between the crystal lattices of
low- and high-temperature forms

Crystals obtained at about 30°C were found, from Weissen-
berg photographs, to have a rhombohedral lattice contain-
ing one formula unit with a,=6-43 A, a=96°3". The space
group observed is R3m, which is the same as that observed
by Hamilton for FeSiFs.6H,0 and the crystals may be ex-
pected to have a disordered structure of a type similar to
that of the latter.

The lattice vectors corresponding to the low-temperature
form can be derived from those for the high-temperature
form by the transformation matrix

10 0
01 -1
01 1

from which the following relations are derived,

Fig. 1. The arrangement of cations, [Mg(H2O)¢]2+ (larger
octahedra), and anions [SiFg]2~ (smaller octahedra), in
MgSiFg.6H,0 as viewed down the b axis.
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Fig. 2. The arrangement of anions surrounding a cation in
MgSiF¢.6H,0 as viewed down the pseudo-trigonal axis.
The two anions directly above and below the central cation
have been omitted.

a’ = ay, b,=2a;, sin (;) ,

« cos a
¢’=2a, cos (2) , cospf’=- (a)
cos | 5

where a, and « are the lattice constants of the high-temper-
ature form and «’, b, ¢/ and B’ are those corresponding
to the low-temperature form. The calculated values of a’,
b, ¢’ and p’ are 643, 9-56, 8:60 A and 99°5’ respectively,
which are close to the observed values for the low-temper-
ature form.

The transition point between the low- and high-temper-
ature forms was found, by using a differential scanning
calorimeter (DSC), to be about 25°C.

The authors are indebted to Shimadzu Seisakusho Ltd.
for the DSC measurement. All the calculations were car-
ried out on the FACOM 230-60 computer at the Data
Processing Center, Kyoto University, using UNICS pro-
grams.
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