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Abstracr EPR studies were performed on MgSiFs . 6Hz0 single crystals using MnZt 
paramagnetic probes substituted for Mg2+ ions. The spin-Hamiltonian parameters (SHPS) are 
determined accurately for the different phases: the monoclinic phase below T, = 301 K, the 
rhombohedral phase above To = 370 K and the intermediate phase between T, and To. The 
sets of SHFS are interpreted in the light of sUuchlral changes between these phases. The EPR 

line features in the intermediate phase are analysed in the framework of a sWic and an order- 
disorder model. We interpret the EPR specwm behaviours around To - 20 K as the occurrence 
of a crossover between static and dynamic disorder in the material. 

1. Introduction 

The A B S  . 6HzO materials (A = Mg, or Fe; B s Si, Ge, Ti, etc) have attracted much 
attention because of their structural phase transitions with some unusual aspects [l]. In 
particular, in magnesium fluorosilicate, a phase transition occurs at around 298 K between a 
low-temperature monoclinic phase ( P Z I / c )  and a domain-like phase with the overall space 
group PT 121. Previously, Hrabaeski etal [3] have reported phase transition effects in the 
EPR spectrum of Mn2' in this system. 

Recently, Ziatdinov etal [4] and Hrabafiski IS], using the EPR technique, concluded that 
an intermediate incommensurate-like structure exists in the system between 298 and 370 K. 
Their EPR spectra were analysed in the framework of an incommensurate distribution of 
resonance lines [6]. 

In this paper, we report EPR measurements above To = 370 K and below T, = 301 Kin 
order to determine accurately the Mn2+ spin-Hamiltonian parameters ( S H P s )  in both phases. 
The aim is to identify and interpret the SHPS which appear below Tc because of the symmeby 
breaking. The idea of this approach is to see whether knowledge of the EPR parameters in the 
low- and high-temperature phases could shed some light on the behaviour of the EPR spectra 
in the intermediate phase. In this phase, analysis of the EPR line features was achieved using 
a static model where the EPR spectra are accounted for with the help of a limited number of 
discrete lines and a dynamic model adapted from motion narrowing theory [7]. It seems that 
static disorder is present in the material in the wide temperature range of the intermediate 
phase and a departure from this scheme is manifested 20 K below TO where the disorder 
became dynamic like. Knowledge of the SHPS permits us to identify the microscopic origin 
of the disorder as arising from different compressions of the [Mn(HzO)~]** octahedra along 
their [ 1 1  11 direction. 

0953-8984/95/173339+15$19.50 @ 1995 IOP Publishing Lld 3339 
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2. Preliminary presentation of electron paramagnetic resonance investigations 

Mn2+ (S = z; I = 2) paramagnetic probes are substituted for Mg2+ ions inside six water 
molecule cages. This substitution in a weak concentration is assumed to be neutral so 
that the information inferred from these probes mirrors the intrinsic structural change at 
the Mg2+ sites. The phenomenological spin Hamiltonian used for the interpretation of EPR 
spectra is used in the following form: 

where g and A are the Land6 and hyperfine tensors, respectively, 0; are the standard 
Stevens spin operators and the sums represent the crystal-field contributions. S and I 
are the Mn2* electronic and nuclear spins, respectively, and H must be invariant by the 
symmetry operations of the paramagnetic probe host site. 

The magnetic axes 2 and X for a [Mn(HzO)#+ complex are chosen to be along the 
[IO11 and the [OlO] directions, respectively, of the monoclinic unit cell (figure 1). The 2 
direction coincides also, above Tc, with the [I  I I ]  axis of the Mn2+-centred octahedra. The 
symmetry of the metal site is Cjj in the high-temperature phase or in the intermediate phase 
and it  is supposed to be C Z ~  in the monoclinic phase [I]. We outline below the procedure 
used for the determination of the SHPs. 

Figure 1. Projection of the MgSiF' . 6HzO sVUCN~ looking down the [OlO] axis of the 
monoclinic unit cell. The complexes [SiF& and [Mg(HiO),,]'+ are represented by the 
small and large octahedn, rerpemvely. Also shown are the location of lhc magnetic axes 
of I M I I ( H ~ O ) ~ ] ~ +  with respect to the crystal axes. 

First, we measure the fine-structure resonance positions for different orientations of 
the external magnetic field H .  However, because of overlapping of the hyperfine lines, 
it was impossible to perform measurements in some H orientations. The resonance 
positions associated with different electronic transitions are calculated using the above spin 
Hamiltonian (1) without the hyperfine term. Working on the IMs) basis, i.e. on a 6 x 6 
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matrix, we were able to determine with good accuracy the fine-structure parameters, i.e. the 
b,"-values and the 6-tensor components. 

In a second step, we introduce the hyperfine interaction and the hyperfine line positions 
are calculated by diagonalizing the Hamiltonian ( I )  on the IMs,m,) basis, i.e. on a 
36 x 36 matrix. These calculated resonance positions are used with suitable linewidths 
and lineshapes to fit the experimental spectra. To check the validity of the determined set 
of SHPs, we also fitted the experimental spectra for the magnetic field orientations where 
overlapping occurs. Then, we determined very accurately the fine-structure terms and the 
hyperfine parameters. 

3. Spin-Hamiltonian parameters in the rhombohedral phase 

The EPR experiments were performed on Bruker EPR spectrometer working at 10 GHz 
(X band). The samples used have the dimensions 3 mm x 1 mm x 1 mm with a cleaved plane 
perpendicular to the monoclinic [OIO] direction. The ratio of substitutional paramagnetic 
impurity concentrations in the sample was [Mn2+]/[MgZ+] = 0.01. The MnZ* EPR spectra 
are recorded for various orientations of the applied magnetic field H at T = 370 K. 
Only one magnetic site was observed and the simplest EPR spectrum, obtained for H 
along the magnetic axis 2, consists of five electronic transitions; each of these is split 
into six lines owing to the hyperfine interaction. For this orientation a maximum spread 
was obtained and we did not observe any forbidden hyperfine lines in the cenwal sextuplet 
IMs, mr) = 14, m ~ )  c) I - 4, m1) (figure Z(a)). This demonstrates that the crystal-field 
interaction is axial along the [ I l l ]  direction of the [Mn(H20)#" octahedra which is also 
the direction of the pseudo-hexagonal Cj, axis. 

The spectra in this phase are well described with the spin Hamiltonian in the form 

'H @ H  * g .  S+ fb:O: -t &(b!Ot -t b20:) -t S .  A .  I 

with the following values of the parameters: bt = (281 * 2) x cm-', b: = 
(2.750.5) x cm-' and b: Y 0 cm-'; g, = g, = 2.007f0.002 and g, = 1.996&0.002; 
A, = A, = (-90.9f0.2) x cm-I. It seems that 
the dominant crystal-field contribution is due to the parameter b:. This indicates, following 
the absolute sign of b!, a compression or an elongation of the magnetic complexes along 
their [ l l  I] direction. 

cm-' and A, = (-89.450.2) x 

4. Spin-Hamiltonian parameters in the low-temperature phase 

The EPR studies were performed at 250 K, sufficiently far from the transition temperature 
T,. In this phase the sample is twinned and contains three twin components [2,31. They 
are related to each other by a rotation of 120" about the monoclinic [ lo l l  axis. 

By EPR we were able to observe six inequivalent magnetic sites for general orientations 
of the external magnetic field H .  Only three inequivalent sites are present for H rotating 
in the (010) plane and all the sites are equivalent for H oriented along the [ lo l l  monoclinic 
direction. These observations are consistent with the crystallographic studies [SI; the 
unit cell contains two equivalent [Mg(H20)6]*+ complexes with respect to a glide plane 
orthogonal to the [OlO] direction. 
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Magnetic  field (Gauss) 
Figure 2 ExperimenW (-) and calculated (. . . . . .) EPR speclra of a Mnzt ion in the 
rhombohedral and monoclinic phases of MgSiFs .6HzO (a) rhombohedrd phase, H parallel lo 
the [ I  I I1 direction of the [Mg(Hz0)6ft octahedron: (b) monoclinic phase, H p d l e l  to the 
[ I O 1 1  monoclinic direction: (c) monoclonic phase. X perpendicular to the [ lo l l  direction. 

With the Cu, local symmetry o f  the metal site in this phase, the appropriate spin 
Hamiltonian is of the following form: 

m=2 
'H = BH. 6. S + f b7 0,- t &b!Ot t S. A .  I .  

m=-2 
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Some terms permitted by symmetry are not included in the above expression because of 
their insignificant values. 

We have used the procedure described in section 1 for the simulations of the 
expenmental EPR spectra recorded at different orientations of the applied magnetic field. 
Some examples of the experimental and reconstructed spectra are shown in figures 2(b) 
and 2(c). The EPR results deduced from these simulations are summarized as follows: 
b: = (275b3) x low4 cm-I, b: = (-216&3) x cm-l, 
b: = ( -98+4)~10-~  cm-I, b;' = ( -51+4)~10-~  cm-' and b! = (2 .8+0.4)~10-~ cm-[. 
The components of the Land6 g-tensor and the hyperline A-tensor are isotropic within 
experimental accuracy: g, = g, = g, = 2.000 f 0.002, Ax = A, = A, = (-91 f 0.2) x 

This set of the SHPS corresponds to a paramagnetic site (labelled ITCl) in one twin 
component with the choice of the magnetic framework R,,,r axes Z and X ,  respectively, 
along the monoclinic [loll and [OlO] directions. 

The second paramagnetic site in the same unit cell (labelled IITCI) is equivalent to 
ITCl with respect to the glide plane (010) and possesses the same set of SHPs except for 
the sign of bi and b;'. For the second crystal twin component, the paramagnetic sites 
labelled ITC2 and IITC2 have the same sets of parameters as above. Their magnetic 
framework are deduced from that of ITCl or IITCl by a rotation of 120" around the 
[loll direction. The same conclusion holds for the third twin component (ITC3 and IITC3 
magnetic sites). Their magnetic framework are deduced from those of ITCl or IITCl 
by rotation of 240" around the [loll monoclinic direction. From these results, we can 
determine the direction of the principal magnetic framework %d axes (X,,,, Y, and Z,) 
for one magnetic site in a given crystal twin component (figure 3). Suitable rotations of 
the magnetic axes permit us to reduce the quadrupolar SHPs to the following contributions: 
b: = (278i3) x cm-I. b; = (-117k4) x cm-I, b: = (2.6~k0.5) x cm-' 
and b! = (6.3 f 0.5) x 

We have reported in figure 3 the different steps for the transformation of R,,,r into 
Izpmf. The b$value indicates a distortion of the complexes [Mg(H20)& in the plane 
perpendicular to the [ lol l  direction. 

cm-', b;' = (-24k4) x 

cm-'. 

cm-'. 

5. 
rhombohedral phases 

In order to interpret the zero-field splitting in this material, we used the superposition 
model (SM) widely applied to account for the SHPS of dS ion ground states [9-111. In this 
framework, a given quadrupolar SHP b? can be expressed in the following form: 

Interpretation of the spin-Hamiltonian parameters in the monoclinic and the 

where r ; ,  6; and 9, represent the length, the azimuthal angle and the polar angle, respectively, 
of the ligand@)-paramagnetic ion bond, with respect to the magnetic framework in which 
the SHPS are determined. The functions Kr(@,, pi) are tabulated in [lo] and 6 t h )  varies 
as a power-law expression [lo]: 
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Figure 3. Successive rotation msformations of the magnetic fmework k (X, Y. Z) 
into the principal magnetic fmmework %.t (Xm, Ym, Zm): ( I )  0 = -4.9*, (2) 4 = 14'; 
(3) e,,, = -1.90. 

where 6 2  is an intrinsic parameter, Ro represents an average distance for the metal-ligand 
pair and for the coordination number under consideration and f is a characteristic exponent 
which depends on the ligand species and the paramagnetic ion. 

We have used the crystallographic data of [SI for the monoclinic low-temperature phase 
and that recently reported 1121 for the rhombohedral phase of MgSiF6 '6DzO. The magnetic 
framework used is defined in figure 1 and the sets (Ti, Si, a;) are summarized in tables 1 
and 2 for the two phases. 

The experimental SHPS in the monoclinic and rhombohedral phases were accounted for 
using the above-mentioned model for the octahedron [Mn(H20)6lzt. Angular and bond 
length relaxations (tables 1 and 2) were allowed, owing to the substitution of Mgzi by a 
cation of larger size. According to previous results [131 on Mn2+ ions in other host lattices, 
the exponent f was taken equal to 7. The calculated SHPS are compared with the experimental 
values in table 3. We found that &(R0) = 1640 x cm-l for Ro = 2.059 a. i.e. the 
ligand-paramagnetic ion distance in the rhombohedral phase. For the average distance of 
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Table 1. Coordinates ( r , ,O i ,q , )  related to the ilh bond in  a [Mn(H20)612+ octahedron with 
respect to the magnetic framework in the monoclonic phase. 

e; a ‘P, Sv; r ,  sr; 

54.86 -0.5 -136.25 0.5 2.115 -0.014 
125.14 0.5 43.75 05 2,115 -0.014 
55.23 -0.5 -17.73 -1.3 2.107 0 

124.77 0.5 162.27 -1.3 2.107 0 
52.77 -1.3 102.05 0.9 2.083 0.015 

127.22 1.3 -77.95 0.9 2.083 0.015 

Table 2. Coordinates (Ti.%, p,,) related to the ith bond in a [Mn(HzO)6f+ octahedron with 
respect l o  the magnetic hamework rZ,r  in the rhombohedral phase. 

a, 80, ‘pi 660; ri Sr; 

53.98 -0.395 -17.44 0 2.060 0 
126.02 0.395 162.56 0 2.060 0 
53.98 -0.395 -137.45 0 2.060 0 

126.02 0.395 42.55 0 2.060 0 
53.98 -0.395 102.55 0 2.060 0 

126.02 0.395 -77.45 0 2.060 0 

Table 3. Comparison between the experimental spin-Hamiltonian panmeters and the calculated 
values using the superposition model. 

Experimental SHP SM model 

b; = 272 263 

bl = -98 -107 
bi = -216 -222 

b-’ 2 -  - -24 -22 
b-2 - -51 -53 2 -  
bf (high-temperature phase) = 281 281 

2.101 A in the monoclinic phase, we found that J2(2.101 A) = 1421 x cm-I. This 
value is of the same order of magnitude as but of opposite sign to that determined in the 
c ses  of Mn’+ ion in MgO [13]. 

The absolute signs of our SHPS are correctly checked using the hyperfine splitting and 
the intensity of the forbidden hyperfine lines. Indeed, when the magnetic field H is oriented 
along the principal magnetic axis 2, the spectrum exhibits a maximum spread (figure 2(b)). 
A given electronic transition is split by the hyperfine interaction; this gives rise to permitted 
and forbidden hyperfine lines. The permitted hyperfine lines are not equidistant and the 
experimental positions are correctly accounted for using a positive sign for b; and negative 
signs for the other parameters. This choice of the signs reproduces also the observed 
intensity of the forbidden hyperfine lines. Such arguments work in the case of a negative 
sign for the hyperfine constants; this is the case for MnZ+ ions in many host lattices [ 141. 
We may conclude that, in the case of a Mn2+ ion surrounded by water molecules in an 
octahedral arrangement, the intrinsic parameter 6 2  is positive. 

On the other hand, we have not applied the SM to the fourth-rank parameters b: because 
of the weak value of the single parameter found here, namely b j  = (2.8 f0.5) x cm-I. 

The SM gives quite satisfactory results for the MnZt SHP in this fluorosilicate system. 
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However, reasonable local relaxations are necessary and the differences between the SHPS 
in the rhombohedral and monoclinic phases are the consequence of the ligand coordinate 
variations as reported in tables 1 and 2. 

In the rhombohedral phase, the positive sign of the quadrupolar crystal-field parameter 
b$ indicates a compression of the [Mn(Hz0)6] octahedron along the pseudo-hexagonal axis 

In the monoclinic phase, a compression of the Mn2+-centred octahedron, a variation in 
the Mn-HZO bond lengths as well as different bond rotations around the Ch axis lead to the 
experimental set of SHPS. 

ch. 

6. Electron paramagnetic resonance study of the intermediate phase 

6.1. Experimenral results 

In this phase. we have examined the thermal evolution of some EPR spectra for particular 
orientations of the applied magnetic field H .  

For H oriented along the pseudo-hexagonal Cj, axis, we have analysed the behaviour 
of the spectra associated with the transitions A (IMs, m,)  = I - $, -$) * I - 5 %  -;)) and 
B ( I $ ,  I) i+ It, ;)) between To and T,; A and B are located at high- and low-magnetic- 
field positions, respectively. Figure 4 shows the thermal evolution of the EPR A spectrum. 
We may note that, below T, = 301 K, each transition A emanating from the three twin 
components of the sample merges into a single line. On heating the sample above Tc, an 
abrupt decrease in the line intensity is observed whereas two other lines begin to develop 
at different magnetic field positions. The resulting spectrum contains two components: a 
sharp line and a broad line which exhibits better narrowing on heating the sample. 

For H oriented along the c h  axis, we have also examined the behaviour of the 
central line CL, namely IM.y.m,) = \ i , m / )  i+ I - i , m , ) .  The important change in 
this spectrum consists of the sudden disappearance of the forbidden hyperline lines at the 
transition temperature. This indicates unambiguously the existence of reorientations of the 
[Mn(Hz0)6J2+ complexes on passing the phase transition at z. 

Finally, for the rotation of H in the plane perpendicular to the c h  axis, the EPR spectra 
do not exhibit any anisotropy. The evolution of the EPR spectrum associated with the 
transition C (IMs, m / )  - 12, i) e I$, g ) )  was also studied in the intermediate phase and 
comparison is made with the behaviours of the A and B transitions for H oriented along 
the Ch axis. 

6.2. Discussion 

As long as we assume that the essential crystal-field contributions come from the nearest 
neighbours of the paramagnetic ion (section 4), the following conclusions can be drawn. 

First, the temperature behaviour of the EPR spectra for H parallel to the ch axis indicates 
that the [Mn(H20)6I2+ octahedra undergo rotation at T,. The direction of their magnetic 
axes Z, change and became parallel to the Ch axis, The low-temperature SHP b:’ vanishes 
above T,. 

Second, the EPR spectra above T, are found to be invariant with respect to the H 
rotations about the c h  axis and this means that no distortion of the Mn-H20 bonds exists in 
this plane. As a consequence, the low-temperature parameters by in the spin Hamiltonian 
could be neglected. The crystal field above Tc is purely axial and can be characterized by 
the parameter b;. The appearance of at least two EPR lines for each transition above T, 

3 
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Figure4 Thermalevolution o f ~ ~ ~ s p e c O a r e l ~ ~ d t o t h e v a n s i t i o n  A( IMs ,m, )  = I-;.-$) c1 

I - f ,  -5)) in lhe intermediate phase of MgSiFa. 6H20. A single line below C = 301 K gives 
rise above T, to a narrow line L. and a broad line Lb which show better resolution on heating 
the sample. The arrow on the first specmum indicates the embryo of the l i n s  L. and Lb wtuch 
develop above L. 
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indicates the existence of two magnetic sites of local symmetry C,j which are associated 
with different values of bi. We may note that the analysis of section 4 yields a difference 
in b: of about 10 x cm-I through the variation in the azimuthal bond angles in a 
[Mn(HzO).#+ complex by only 0.05'. 

In the intermediate phase, the EPR line features were analysed using two approaches, 
namely the static model and the order-disorder model. 

In the former the EPR spectra A, B and C were fitted using a set of two discrete lines. 
The splitting AH for H along the Ch axis was found to be twice that in the perpendicular 
direction and decreases on going from T, to f i .  This is consistent with the temperature 
variation in b! only. However, the variation in b! compatible with a local symmetry C,j can 
be realized only through a compression or an elongation of the [ ~ % I I ( H ~ O ) ~ ] ~ ~  octahedra 
along the Ch axis. On the other band, if reorientations of [Mn(Hz0)6]'+ octahedra exist 
above Tc, we may conclude, from the EPR results, that the reorientations would be around 
the Cb axis, and then no distortion could be generated from these motions. So we think 
that the distortions of these octahedra could result from the motion of the water molecules. 
In particular, it is well known that reorientations of the [SiF#" octahedra exist and the 
observed variation in b; might be the consequence of the change in 0-H.. ,F hydrogen 
bonds which affects the magnetic sites. 

From this static analysis, we have found two magnetic sites which differ in their 
parameters b;. Their populations could be obtained from the integrated EPR signal. This 
situation, valid for temperatures lower than T,I = TO - 22 K, could be connected with 
the existence of two different domains with size ratio reported in figure 5(a) at different 
temperatures. From the crystallographic analysis of 121 realized above T,, it was found that 
the structure is formed by two domains with nearly the same occupation rates in agreement 
with our EPR results in the vicinity of c. Above re,, we have to take into account the 
existence of a third magnetic site. Its spectral intensity increases just above T,, followed 
by a decrease on going towards f i .  Thus we can assume that another domain begins to 
develop to the detriment of the sizable domain realized below Tel. The only merit of 
this static model for the EPR line analysis it that it yields information about the dominant 
magnetic site populations. In particular above T,, , we cannot say how the appearance or 
disappearance of different kinds of magnetic site is realized in  such a system. 

Therefore, a second approach was developed to see whether dynamic disorder in the 
material leads to the observed spectral features. Disorder could be generated, when the 
temperature increases towards TO, by the reorientation of the water molecules, leading to 
different configurations of the magnetic complexes because of the variation in the 0-H. .F 
bonds, and also by those magnetic probes which are located near the domain boundaries. 

We used a simple dynamic model, adapted from motion narrowing theory [7], for the 
EPR line feature analysis. Following the above-mentioned theory. the intensity of spectral 
lines at a given magnetic field H is of the form 

Z(H) = Re(WA-'. 1) 

where W is a vector with components We giving the population of the magnetic sites in 
the (Y configuration. A-' is the inverse of a square matrix with order equal to the number 
of different magnetic complex configurations. A depends on the resonance fields and on the 
frequency jumps between different configurations. 1 represents a vector with all components 
equal to 1. 

As we described above using the static model, we assumed the existence of three kinds 
of magnetic site which differ in their parameters b! (figure 5(b)). The configuration denoted 
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Figure 5. Results of the smtic analysis of the EPR spectrum in the intermediate phase. Below 
Td = 348 K, only two discrete lines L, and Lb are used to reproduce the spectrum related to the 
A Vansition (see text). Above Tcr, a third line L3 is necessary to improve the fit. (a) Integrated 
intensities ratio: A. f(b)/l(Lm); W, /(L3)//(L,J. (b) Resonance positions of the line$ 1, 
(-&), Lb (-D-) and Lj (-A-) associated with the low (b!$value, the high (b:)+-vdue 
and the intermediate (b:’)l,-value. respectively. 

(+) is associated with the magnetic site with the highest b;-value, the second denoted 
(-) is associated with the lowest b;-value and the thiid denoted (0) is associated with an 
intermediate @-value. The dynamic process could be introduced by considering jumps 
between the different configurations as illustrated in figure 6. The frequency jumps uij 

(i. j = +. 0, -) are adjustable parameters and a computer program was developed to fit 
the experimental spectra using this dynamic model between Tcl and To. We can deduce the 
populations (figure 7) and the frequency jumps (figure 8) between these configurations. 

The populations W+ and W- are found to be nearly equivalent and exhibit a slight 
increase on approaching TO. The magnetic complexes in the configuration (0) have a 
rate occupation in the crystal about 15% at Tcl and decrease on going towards TO. The 
intermediate configuration (0) disappears in the vicinity of TO and at the same time the EPR 
spectrum merges into a single line because of the increase in the frequency jumps between 
the configurations (+) and (-). We may note that, on approaching To, the EPR spectra 
could be fitted by considering only two configurations, namely (+) and (-). The frequency 
jumps (figure 8) permit us to determine the relaxation times involved in the dynamic process. 
Indeed, the rates of change in the ith configuration population are given by the following 
master equation [7]: 
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Figure 6. A schematic representation of the [Mn(HzO)]'+ oclahedn (0 ,  Mn2+; a; HzO) with 
different compressions shown by arrows along the [ I  I I ]  octahedron direction. Also depicted are 
the frequency jumps ( v i j .  i, j = t.0. -) between the different configurations of the magnetic 
complexes. 

0.40 o'50 T 7 

0.00 4 I 
345 350 355 360 365 370 

T.mpmturr 67 
Figure 7. Populotions of the magnetic complex configuntions inferred from the reconstruction 
of the EPR spectra using U I ~  dynamic model: -U-. W,; -A-, W-; -m-, WO. 

with Ni, close to bVC on a characteristic time scale of the EPR technique of the order of 

The resolution of a differential system of three equations of type (3) at different 
temperatures yields two relaxation times 51 and reported in figure 9. We may note that, 
when the temperature decreases from To, TI is found to follow an Arrhenius-like behaviour 
with an activation energy of about 1320 K and an amplitude of the order of 0.13 x IOm9 s. 
r2. on the contrary. exhibits a smooth decrease, reaches a minimum at around TC1 + 5 K 
and increases towards Tc. This unusual thermal evolution of q cannot be explained in the 
framework of local configurations, and structural information in this temperature range is 
needed to understand such behaviour. However, the increases in TI and r2 on approaching 

10-8 s. 
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56 M 35 )80 3hs m 

O C  I 

T-m 

5s M 35 361 x5 m 

Figure 8. Frequency jumps between the different configumrions considered in the dynamic 
model. (a) Between the confi,gmtians (t) and (0): 0. U+"; D, wI+. (b) Between the 
configurations (-1 and (0): 0. RI-; D, U-(]. (c) Between lhe configurations (t) and (-1: 
U. "+-; D, U-+. 

TCl indicate a slowing down of the dynamic process below Tc, in concordance with the 
static analysis of the EPR spectra. 

It is worth noting that, near TO, the relaxation of the (+) and (-) configurations is 
essentially dominated by 11 whereas the relaxation of the intermediate configuration is 
governed by q and 12 .  The decrease in q ,  the increase in the frequency jumps ut- and 
U-+ and the disappearance of the intermediate configuration suggest a disordered phase 
above To with two configurations (+, -) of the meta-centred octahedra. Below Tc,, the 
dynamic model cannot account for the observed EPR spectral features. The reconstruction of 
the spectra needs unambiguously only two discrete lines. This is valid for different samples 
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studied as well as for deuterated samples. Static disorder which generates two magnetic sites 
is a plausible explanation in this temperature range. The paramagnetic probe environments 
differ only in their compression along the Ch axis. 

7. Conclusions 

The characterization of the crystal-field interaction is made accurately in the different phases 
of MgSiF6 .6Hz0. The SHPS are interpreted with respect to the crystalline environment of 
the magnetic probes. 

In the intermediate phase, two different procedures, namely static and order-disorder, 
were used to describe the experimental spectra of MnZ+, Both of the methods used 
have given quite satisfactory results in  well defined temperature regions and enables us 
to reconstruct the observed spectra. It seem that the crystal exhibits static disorder below 
T,l and dynamic disorder with low frequencies above Tcl. The crystalline phase above To 
is disordered and contains two configurations of the metal-centred octahedra. The origin of 
the disorder lies in different compressions of the octahedra [Mg(H20)6]'+ along their [I 1 I ]  
direction. 
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