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Crystals Mg, _ ;FegSiF, - 6D,0 (& = 0.11, 0.17, 0.50, and 1)
have been studied using neutron diffraction (respectively:
Fun = 43.32, 43.63, 42.09, 44.82; D, = 1.86, 1.88,1.94,2.02 ¢
-em™% p = 0.25,0.24, 0.31, 0.23 cm ™ ! (evaluated); a = 9.571(8),
9.567(10), 9.587(8), 9.639(16) A; ¢ = 9.729(8), 9.717(12), 9.714(7),
9.690(15) A; V = 772(2), 770(3), 773(2), 780(4) A%; space group
P-3(147y; trigonal, Z = 3). The final R-factors (0.087, 0.083,0.070,
and 0.044) were obtained using 382, 302, 270, and 170 observed
structure factors. The structure remains the same in the four crys-
tals, but a positional anomaly is found for the D(2) atom in the
Mg, s3Fey 195iF, - 6D,0 comnpound. Details (temperature and hys-
teresis) on the known structural transitions of these compounds
are presented. Furthermore, in the case of FeSiF; - 6D,0, a new
transition is described. © 1994 Academic Press, Inc.

INTRODUCTION

The fluosilicates MSiF, - 6H,0 are distributed into two
series according to the structure of the high-temperature
phase. In the first one (M = Co, Ni, and Zn), the structure
is described in the R-3 space group: the two octahedral
complex ions M(H,0)2* and SiF2~ are placed in two ori-
entations around the threefold axis (1-4). In the second
one (M = Mg, Fe, and Mn), the presence of superstruc-
ture reflections, inconsistent with the model of Syoyama
and Osaki (5) and Hamilton (6}, leads to the use of the
P-3 space group: the crystal presents two types of domains
with different orientations of the complex ions, which
are refated by pseudomirrors (11.0) (I, 7-11). The pres-
ence and the exploitation of the superstructure reflections
show that in the case of Mg and Mn compounds (1, 8, 9),
the equal volume domains are targe (typically 300 A,
whereas in Fe fluosilicate (1, 10) their size is a {unction
of the temperature (typically 300 A at 240 K and 96 A at
300 K}.

For the majority of these compounds, a structural phase
transition is observed with decreasing temperature. The
resulting structure is monoclinic P2,/c, as determined by
Syoyama and Osuaki (5) for MgSiF, - 6H,0. The transition
temperatures have already been reportedin (1,4, 5, 7-17).
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After the neutron diffraction study of MgSiF, - 6D,0
(11), it seems of interest to us to undertake new diffraction
analyses on mixed Mg, _sFe;SiF, - 6D,0 in their high-
temperature phase in order to determine precisely the
evolution of the hydrogen boad system when the composi-
tion of iron is increased.

Furthermore, the phase transition in these mixed fluo-
silicates has been studied in detail.

EXPERIMENTAL

Large crystals of Mg, _;Fe,;SiF, - 6D,0 (estimated de-
gree of deuteration of about 70-80 at.%) were grown from
a mixed saturated solution using the same technique as
described elsewhere {4). The proportions of wron in the
basic solution were 0.29 (crystal A), 0.50 (crystal B}, 0.75
(crystal C), and 1.00 (pure FeSiF, - 6D,0, crystal D).
From the first solution, transparent white prismatic crys-
tals were obtained. With increasing iron composition,
crystal colors turned to transparent green (crystal A,
3.8 x 2.5 x 1.5 mm; crystal B, 5 x 3 X 2 mm; crystal
C,5 x 3.5 x 2.5 mm; crystal D, 3.2 x 1.2 X 1.5 mm)}.

Bragg intensities were collected on the four-circle dif-
fractometer P110 at the Orphée reactor (CEN Saclay,
France) at a neutron wavelength of A = 0.8307(5) A. For
crystals B and C, a decrease of the standard reflections
(300) and (003) was observed (1.4% per hour and 1.5%
per hour, respectively) and corrected. To avoid such an
effect, crystals A and D were put under He gas in a
scaled aluminum container: the intensities of the standard
reflections (030) and (112) showed no variations within
2.1%. The other experimental parameters are given in
Table t.

The data were corrected for Lorentz effects, and since
absorption is small (0.23 < calculated w < 0.31 cm™1),
no corrections were applied. Only the structure factors
with F, > 30 (F,) were used for the structure refinements.

The neutron scattering lengths for Mg, Fe, Si, F, D,
H, and O were taken as by, = 0.5375 x 1077, by, =
0.954 x 10712, by, = 0.4149 x 1072, by = 0.565 x 10712,
by = 0.6674 x 10712, b, = —0.3741 x 10~ and by =
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TABLE 1
Experimental Parameters and Refinement Results
Crystal A Crystal B Crystal C Crystal D
Centering
Number of reflections 16 18 17 21
Angle range — <Y <5
Collection
28 range (°) 3-63 3-50 350 3-50
(unique set} {unigue set)
sind/n (A1) 0.032/0.629 0.032/0.509
Scan type @-scan
Number of steps 41
Scan time (sec) 1.8-4 2-6 2-6 2-6
Measured reflections 923 797 922 569
Unique refiections
with 1y > 3a{ly) 382 302 270 170
Temperature (K) 303 296 296 243
Refinement
R(F) 0.087 0.083 0.070 0.044
RFY 0.102 0.082 0.050 0.050
Goodness of fit 4.26 583 5.31 2.06
Number of parameters 46 45 46 45

0.5805 x 10~ cm {18). Anisotropic extinction correction
by the method of Zachariasen (19) led respectively to
G = 0.032(12), 0.099(14), 0.083(11), and 0.018(15) for the
four crystals A, B, C, and D. The full matrix least-squares
refinement method based on F? was used. The final R-
factors, R(F?) and R(F) ((A/o)max < 0.01), the goodness
of fit, and the number of refined parameters are given in
Table 1. The computer program used in the refinements
was XFLS (20) adapted to the treatment of antiphase
domains, and the computers were a CONVEX C1-XP and
a SUN 4-370.

On both sides of the phase transition, special reflections
were followed with steps in temperature adapted to the
variation of the intensity, using a closed-cycle refrigera-
tor. The intensities were then computed from w-step scans
(41 steps, 2 to 6 sec per step) and the time between each
two temperature changes was taken as 10 min.

THE TWO MODELS

MgSiF,,6D,0 Model

The structural model of MgSiFg + 6D,0 in its high-
temperature phase has already been reported several
times.

Figure la presents the projection onto the (00.1) plane
of the cell corresponding to a domain, II, containing
two ‘‘right”” Mg(D,0%* octahedra and one ‘‘left”
Mg(D,0)2* octahedron, and two “‘left” SiF:  octa-
hedra and one ‘‘right” SiF2~ octahedron. Deviations of

Mg(D,0)2* and SiF;~ octahedra from the pseudomirror
(11.0) are indicated; the atomic positions of Mg are 0 0
0,2, % % and34% and those of Siare 004, 34§ and §
£+ The atomic positions of O, F, D(1}, and D(2) are the
6g positions of the space group P-3: for O they are xyz
. . . for a “‘right”” orientation and —y—xz . . . for a
“left’” one. For F, they are respectively —y' —x'z" . . .
and x'y'z’ . . . ; for D(1), respectively x"y"z" . . . and
—y'—x"z" . . .; and for D(2), respectively x™y"z" . . .
and —y"—x"z"" . . . . Besides such domains, others
with the opposite situation (one *‘right”” Mg(D,0);* octa-
hedron and two ‘‘left” Mg(D,O)* octahedra, and one
“left”” SiF:~ octahedron and two *‘right”” SiF;~ octahe-
dra) are present in the crystal (domain I).

With the same expresions as before (8,9, 11), the struc-
ture factor squared for the basic reflections (—h + &k +
! =3n)is F? = (2 — m)F,p + (1 + m)F ), where m
is the volumetric proportion of the ordered domain I, F,p.
is the structure factor derived from the form factor of the
“right”” M{D,0)* octahedron and the form factor of the
“left’” SiFZ~ one, and F, g is the structure factor derived
from the form factor of the “*left”” M(D,0)Z* octahedron
and the form factor of the “‘right”” SiF:~ one.

For the superlattice reflections (-4 + & + | = 3n =
1), the squared structure factor is F? = a(F,p — Fyp)%,
where « is the rate of coherence (¢ = %) indicates a
coherent superposition of the diffraction intensities and
o = 1 indicates an incoherent one (9, 11).

Because the superiattice reflections present the same
width as the basic ones, in the real space, the two types
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FIG. 1. Projection on the (00.1) plane of the cell corresponding fo
one type of domain in the case of MgSiF; - 60,0 (11). (a) To simplify
the drawing, the Mg(D,Q);" octahedra (z = 1) which are projected on
the SiF?~ octahedra (z = 0.5) are ommited, the Fe and Si atoms lie in
the center of the corresponding octahedron, the values of the z parameter
are the center of cach octahedron, and the deuterium atoms are not
included. (b} A detail of the packing shows the two hydrogen bonds F
-+ D(i)and F, - - - D(2} which are almost paralle! and perpendicular
to the three-fold axis.

of ordered domains (I) and (II) are large (typically 300
A). The observed mirrors (11.0) are obtained when the
value of mis near 0.5: the two types of domains contribute
to the diffraction with an equal weight and the mirrors
are then pseudomirrors.

FeSiF,,6D,0 Model

In the case of FeSiF,,6D,0, the superlattice reflections
present a width which is a function of the tempe¢rature
(typically 5.7° and 0.46° for the full width at half maximum
(FWHM) of the 22.1 superlattice reflection at room tem-
perature and 250 K, respectively, as compared to the
0.46° for the FWHM of the 13.1 basic reflection) and are
observed out of the lattice points. In the real space, to
explain the position and the width of the superlattice re-
flexions, one model was built where two types of domains
(D) and (ID) are present and whose extension is a function
of temperature; in cach type of domain (I) or (1I), subdo-
mains exist and the corresponding sublattices are con-
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nected by a translation of % § 4. This previous model (10)
leads to the expressions below.

For the basic reflections (—h + k& + [ = 3n) the
squared structure factor is the same as before;
F? = (2 — m)F,p + (1 + m)F,gP.

But, for the superlattice reflections (—-h + k + | =
3n = 1), the presence of a translation leads to
F=HFug — Fap) + §(Fap — Fap)(—1 + i%3"%) and
F' = {Fap — Fap) = BFap — Fap)

RESULTS AND DISCUSSION

Final atomic parameters and equivalent isotropic ther-
mal parameters are given in Table 2. In the case of crystal
B the first refinements of the atomic coordinates of D(2)
led to x = 0.1569(66), y = 0.3057(11), and z = 0.1065(9).
However, constraining v = 2x yields a significant reduc-
tion of the estimated standard deviation (ESD) (see Table
2) and of the number of the elements of the correlation
matrix which exceeded 0.30 (from 37 to 13 elements).
Consequently, in the P-3 space group, D(2) stays in the
position 6g, although in the last c¢ycles, x and y were
constrained to y = 2x.

Refinements also lead to the real iron crystal composi-
tion, to the rate of deuteration, and to the values of the
parameters m, «, or B (Table 3). The real iron crystal
compositions as a function of the iron basic solution ones
are drawn in Fig. 2. Respectively, they are 11(3), 17(4},
and 50(3) at.%Fe in the crystals A, B, and C.

The results concerning the rates of deuteration for the
four crystals confirm the values estimated from the prepa-

Real iren crystal

compasition
% Fe T
00— 4
50 |- ¢
17\ /§
" ¢
0 4 1 { —
0 29 50 75 100
% ,Fe
Basic iron solution
composition

FIG. 2. Correspondence between the iron composition in the basic
solution and in the crystal,
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TABLE 2
Atomic Parameters and Isotropic Equivalent Temperature Factors
Crystal B Crystal B’
Crystal A y = Ix y # Ix Crystal C Crystal D
Mg
X 0 0 0 0
¥ 0 0 0 0
z 0 0 0 0
B (AY) 1.70 1.60 1.62 1.75
Fe
x 0 0 0 0 0
¥ 0 0 0 0 0
z 0 0 0 0 \
B, (A% 1.70 1.60 1.62 1.75 135
Si
x 0 0 0 0 0
¥ 0 0 0 0 0
z z z E : 4
B, (A} 1.51 (.54 1.52 1.68 1.51
F
x - 0.1319(6) -0.1324(6)  —0.13259)  —0.1338(5)  —0.1369(5)
¥ ~0.15306) —0.1526(7)  —0.1526(9)  —0.1510(5)  —0.1486(6)
z 0.3999(5) 0.3999(6) 0.399%7) 0.4001(6) 0.3999(5)
B, (A} 2.60 2.65 2.65 2.75 2.16
Or
x 0.0613(7) 0.0623(8) 0.0629(14) 0.0673(7) 0.0821(15)
¥ 0.1968(6) 0.1974(7) 0.1973(11) 0.1995(6) 0.2030(5)
z 0.1245(5) 0.1242(6) 0.1242(9) 0.1254(6) 0.1265(4)
B (AY 3.15 3.24 3.26 3.50 3.67
D1
x 0.0363(8) 0.0381(9) 0.0382(12) 0.0455(8) 0.0574(8)
¥ 0.1876(8) 0.1885(8) 0.1885(11) 0.1906(7) 0.1938(6)
z 0.2189(5) 0.2188(7) 0.2188(10) 0.2208(8) 0.2220(5)
B, (A% 4.39 4.27 4.26 4.52 3.77
D)
x 0.1376(20) 0.1530(3) 0.1569(66) 0.1356(12) 0.1480(23)
¥ 0.3044(6) 0.3060(3) 0.3057(11) 0.3068(6) 0.3104(5)
z 0.1065(5) 0.1067(6) 0.1065(9) 0.1060(7) 0.103%(5)
B (AY) 4.14 4.71 475 3.95 4.67

Note. The atomic parameters of Fg, Oy, D(1), and D(2), are obtained from those of F, O,
D(1)g, and D(2)g with the transtormation —y, —x, and z. B,, is defined as (877/3) - (1(3,3) +
43(u(1,1) + w(2,2)-4(1,2))). Crystal B is refined with a constraint on D(2) (y = 2x); crystal B’
is refined without constraint: the reduction of the ESD is clearly seen.

TABLE 3
Refined Values of the Rate of Deuteration and the m, a, and 8 Parameters
Crystal A Crystal B Crystal C Crystaf D
Rate of deuteration 0.885(6) 0.891(6) 0.839%(5) 0.895(5)
m parameters 0.497(7) 0.495(8) 0.495(7) 0.495(8)
o parameter 0.740(7) 0.743(7) 0.635(7) —

3 parameter

0.277(11)
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ration of the compounds. The observed mirrors (11.0) are
pseudomirrors, as the refined values of the m parameter
is almost (.5.

On the other hand, the rate of coherence « is obtained
in the mixed crystals. In A and B, it seems that there is
a complete disorder between Mg and Fe in the structure:
the values of the « parameter stay near § and the “‘magne-
sium model™ is sufficient to explain ail the observations.
With increasing iron concentration, different areas of solid
solution Mg(Fe}SiF, - 6D,0 and pure FeSiF, - 6D,0 can
be created during the crystal growth; in the case of the
crystal C the refined value of « is 0.635 Instead of §. The
volume propaortion of the solid solution that is present in
the crystal can be estimated to be 5 = 0.77, from the
model values (@ = fand 8 = §,and thennx o + (1 — 1)
* 8 = 0.635). For this crystal, the width of the superlattice
reflections is the same as that of a basic reflection, and
furthermore none of them is observed out of the lattice
points. As a consequence, the solid solution drives the
averaged network, and the extension of the antiphase
domains is always large. In the case of the crystal D (100%
Fe), the value of the 8 coefiicient is near the model value
(8 = 1)- This small discrepancy is certainly due to overes-
timation of the superstructure intensities induced either
by possible disordered areas in the crystal or by the exis-
tence of antiphase boundaries which are not as regular as
assumed in the model.

The analysis of the atomic positions (Table 2) and the
bond distances and angles (Table 4) shows the following:

G. CHEVRIER

(i) The introduction of iron in the MgSiF,, 6D,0 does
not greatly modify the structure.

The Mg(Fe) atom is always octahedrally coordinated
by water molecules with their planes almost within the
threefold axis. The deviation stays near 10.5(9)° when
passing from Mg to Fe compounds (respectively 11.1(8)°
(1), 10.5(7)°, 9.5(8), 9.6(7)°, and 11.4(107°).

With increasing iron composition, the substitution of
Fe for Mg shows a tendency to symmetrize the Mg(Fe)(D,
0)i* octahedron: the difference in angles ((O-Mg
(Fe)-0")~-(0O-Mg(Fe)-0) varies from 2.2° (100% Mg, 11)
to 1.2° {100% Fe, crystal D). The same tendency is ob-
served in the case of the crystal D with the substitution
of H by D: the difference (O~Fe-0")—(Q-Fe-0} is 1.2(5)°
with 89.3% D, but it is around 3° with 100% H (10}. The
bond lengths Mg(Fe)—O stay almost the same (2.06 A)
with the weak iron concentrations (crystals A and B) and
increase to 2.10 A (crystal D). This last distance again
shows the influence of deuterium: it is reduced from
2.143(8) A (100% H, (10) to 2.100(5) A in the deuter-
ated crystal.

Concerning the SiF2~ octahedra, the octahedron is very
regular; its conformation remains between 0.4 anq -0.4°
The bond lengths Si-F (averaged value 1.684(6) A} are in
agreement with the values found in the other fluosilicates
(1.683(3) A in Ni, 1.681(1) A in Mn-fluosilicate).

The two types of octahedra (Mg(FeXD,0)2* and
SiFZ~) are connected by hydrogen bonds (Fig. 1b). To
align the Mg~O and Si-F directions with the (11.0) pseu-

TABLE 4

Bond Distances (}i) and Angles (°) (Estimated Standard Deviations in Parentheses)

Crystal A Crystal B Crystal C Crystal D
Mg(Fe)-0 2.063(5) 2.0626) 2.080(6) 2.100(5)
Si-F 1.685(8) 1.683(6) L.aB1(5) 1.6846(5)
O-D(1} 0.942(7) 0.941(9) 0.944(10) 0.94%7)
0O-I2) 0.934(8) 0.980(7) 0.922(7) 0.930(7)
0...F 277400 2.774(9) 2.768(8) 2.769(8)
Q... .F, 2.694(7} 2.692(9) 2.700(7) 2.728(8)
Dy .. .F 1.842(7) 1.843(9) 1.834(10) 1.831(8)
DQR). . .F, (.823(8) L ]SKT) 1.821(7) 1.853(10)
0O-Mg(Fe)-0O 29.0(4) 89.2{4) 89.2(4) 89.4(3)
O-Mg(Fe)-0'" 91.0(4) 90.8(4) 90.8(4) 90.6(5)
Mg(Fe)-0-D(1) 123.0(9) 122.9(11) 122.6(11) 120.58)
Mg(Fe)-0-D(2) 127.3¢10) 124.5(8) 128.9¢10) 129.0(10)
F-8i-F 89.9(5) £9.9(5) 90.0(4) 90.2(5)
F-Si-F"? 90.1(5) 90.1(5) 90.0(4) 89.8(3)
o-DKh...F 169.7(64) 169.6(80) 169.6(81) 169.6(66)
O-D@)...F 154.1(28) 142.117) 158.8(31) 155.8(31)
DH-0-D2) 107.9(13) 108.2(13) 107, 7(14) 109.5(12)
vl 12.3(3) 12.0(3) 10.6(3) 6.3(6)
v 22.7(4) 23.0(5) 24.03) 25.9(4)

@ Along the z-axis, unprimed atoms lie on the up side of the octahedra (and primed ones

on the down side),
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domirror plane, it is necessary to turn them. The devia-
tions, respectively vl and 2, are a function of the iron
composition of the crystal: while y1 shows a regular de-
crease from 12.6(2)° (11} to 6.3(6)° when passing from Mg
to Fe compounds, y2 shows a linear increase from 22.5(4)°
(L) to 25.9(4)°.

(if) The O-D(1) distance presents a regular increase
when the iron composition increases in the crystal, al-
though the O-D(1) - - - F angle is always the same. By
contrast, this regular increment is not presented by
0O-D(2) and D(2) - - - F distances, and the O-D(2) - - - F
angle is not constant. An anomaly exists for the D(2)
position in the case of the crystal B (Figs. 3a and 3b).

The first time, this observation was interpreted as an
artefact of the refinement., However, a careful analysis
allows us to refute this supposition. First, the regular
increase of the O-D(1) distance and the coherent values
of all the other bonds (Table 4) are factors which confirm

the refinements; second, in the «case of the
d(0-D)
(A)
048 a
056
094 i
092 ‘~ l
i
100
) Fe
Compaosition in the crystal
(0-D--F)
(o)t Di1) b
170 d—e—e- . —$
160 "_+‘ D{2)
d -.--‘-'-"‘"-w-..
L // ‘_“'*
[
II
180 |- /
i
/
f
o |1 I L,
0 17 50 100
% Fe
Composition in the crystal
FIG. 3. Positional anomaly of the D(2) atom. O-D distance (a} and

O-D - - - F angle {b) as functions of the iron composition in the crystal,
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Deviation from
the statistical
mirror plane
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FIG. 4. Deviation of the D(2) atom from the pseundomirror plane

{11.0), as a function of O-D(2} distance with estimated standard domains
in MgSiF, - 6D,0 (11) and in the different crystals A, B, and C.

0 | 1
082 094 036

“MgSiF; - 6D,0 model” (crystais A, B, and C) and of
the pure magnesium compound (1 1), it is noteworthy that
the plotting of the deviation of the D(2) atom from the
pseudomirror plane (11.0) as a function of the O-D(2)
distance presents no divergence (Fig. 4). In fact, in crystal
B, the D(2) atom is in the pseudomirror, which produces
this position anomaly.

Furthermore, in this series, the averaged equivalent
temperature factors of Mg, Si, O, D(1), and F are obtained
with relatively poor standard deviations, respectively
1.69(7), 1.56(8), 3.28(16), 4.37(12), and 2.69(7) A2. This is
also the case for D(2), 4.03(10) A2, when the correspond-
ing value ot: crystal B is excluded (with it, the averaged
B, is 4.20 A2, which is not veryndifferent, but with a far
higher standard deviation, 0.35 A?). This anomaly is also
seen in the ¢llipticity of the displacement ellipsoid, defined
as “‘longest axis’’/*‘shortest axis’’ (a/b) of the ellipsoid
derived from the u;. The values of a/b for Mg, Si, O, F,
D(1}, and D(2) with the terms of crystal B excluded are
respectively 1.03(1), 1.03(4), 1.82(6), 1.50(4), 1.72(3), and
1.58(12). But if the two parameters of D(2} of crystal B
are included, the value of the displacement ellipsoid is
1.69(24), which s at the same time, higher for the averaged
a/b and for the standard deviation. At this stage of discus-
sion, the D(2) parameters (crystal B) B, = 4.71 A? and
bla = 2.03 are to be compared with those obtained in
the case of unconstrained refinement, B, = 4.75 A? (al-
most the same value) and a/b = 2.36 (higher value). All
these considerations show, without any uncertainty, that
the substitution of iron for magnesium produces a com-
pound where the D(2) atom lies in the pseudomirror,
which leads to anomalies in its position and in its ther-
mal paramefters.
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TRANSITION TEMPERATURE

As for MgSiF; - 6D;0, Mn3SiF; - 6D,0, and
CoSiFg - 6D,0, the A, B, C, and D crystals show a first-
order transition when the temperature is decreased (1, 5,
7, 8-17). This characterizes the change of the P-3 symme-
try (high-temperature phase) to a P2,/c¢ one (low-tempera-
ture phase), where a twinning is obtained with three orien-
tations, each of them turned by 120°. Figures S5a and 5b
show, as an example, the determination of the transition
temperature and the range of the hysteresis in the C crys-
tal: these two values are obtained from the variation of
the intensity of a chosen diffraction peak as a function of
the temperature. Figure 5c gives the transition tempera-
ture variation as a function of the iron composition: be-
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tween pure MgSiF, - 6D,0 and pure FeSiFg - 6D,0, a
very regular decrement of the temperature corresponding
to the P-3 > P2,/c transition is observed.

In the high-temperature phase (P-3 space group), the
case of the crystal D is different from that of the other
crystals: another transition is seen with the study of the
width of the superlattice reflections. The measure of the
FWHM of these reflections between the phase transition
(P-3 > P2,/c: 233 K) and room temperature shows a peak
broadening, which increases from 252 K, while the
FWHM of the basic reflections remains constant. A hyster-
csis of 2K (251.8-253.8 K, respectively, with a decreasing
and an increasing temperature) is obtained (Fig. 6) This
new transition characterizes the size of the antiphase do-
mains: between 233 and 251.8 K, the antiphase domains
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(a,b) Intensity of (22.1) and (22, 5.1) peaks in the high-temperature phase of Mg s Fe 5,SiF; - 6D,0, as a function of temperature. (c)

Transition temperature between the low-temperature (P2,/c) and the high-temperature (P-3) phase, as a function of the iron composition in

the crystal.
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stay very large (=250 A), and their size decreases (96 A
at 300 K) above 251.8 K (1). It has to be investigated
whether this could be related to the behavior of the octahe-
dron rotation, which might be free above 251 K and fro-
zen below.

CONCLUSION

This study shows that the previous model established
for MgSiF; - 6D,0 can be used in mixed Mg—Fe fluosili-
cates up to 50% iron to explain the observed intensities.
Only an anomaly in the hydrogen-bond system is dis-
played: the D(2) atom stays in the pseudomirror (i1.0)
when 17% iron are present in the crystal.

Studies on other mixed crystals (x = 0.25, x = 0.70,

329

and x = 0.90) are now planned in order, first, to specify
from which composition of iron the FeSiF, - 61,0 model
can be used and, second, to determine the composition
of the domain where the D{2) anomalies occur.
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