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X-ray studies show that isothermal lowering of pressure from 70 kbars to atmospheric pressure induces in MnF2 with initial 
rutile structure the following structural transformations: distorted fluorite~ fl~orite~a-Pb02 (at 300' and 400'C) or distorted 
fluorite~ a-Pb02 (at 25'C). Reapplication of pressure on the same sample induces the transformations in reverse order: 
a-Pb02~ fluorite~ distorted fluorite (at 300' and 400'C) or a-Pb02 -> distorted fluorite (at 25'C). The formation and continued 
existence of the a-Pb02 phase under these conditions depend on shear stresses that exist in the sample during the removal and 
reincrease of pressure. 

STRUCTURE of the a-Pb02 type, which was predicted 
by Pauling and Sturdivantl11 in 1928, was first observed 
and identified as one of the modifications of Pb02 by 
A. I. Zaslavskil' et al. r21 At the present time we know 
of several AX2 compounds and their ABX4 homotypesr311> 

that crystallize in this structure. 
High pressures and temperatures have been used to 

produce synthetically the a- Pb02 type modifications, 2> 

which are metastable under normal conditions, of sev
eral com~ounds having initial rutile structure: Pb02, r4 , 51 
MnF2, rs-7 ZnF2, rs, 71 Ti02, rs, 8' 91 and InSb04 • rsJ The aver-
age increase of density as compared with the rutile mod
ification is 1-2%, and is brought about through compres
sion of the distorted hexagonal packing of anions that 
characterizes these structural types. 

Among the aforementioned compounds the polymor
phism of MnF 2 has been studied most completely. In 
our earlier workr10•111 we investigated the effect of high 
pressures on the crystalline structure of manganous 
fluoride at temperatures from 25° to 400°C. With the 
increase of P the following sequences of structural 
transformations are observed: for T > 200°C, rutile 
- fluorite - distorted fluorite; for T < 200°C, rutile 
-distorted fluorite (Fig. 1). Mter the reduction of the 
pressure and temperature the samples possessed a
Pb02 structure. It was also found that when the meta
stable a-Pb02 phase 3> is placed in a high-pressure ves
sel for x-ray studies (in a boron pellet) and is subjected 
to sufficiently high pressure, the a-Pb02 - rutile trans
formation occurs at P < 30 kbar. This is the basis for 
the hypothesis that the P-T diagram will contain no defi
nite region for the a- Pb02 phase and that the appearance 
of this phase is promoted by shear stresses that arlse in 
the chamber when the pressure is lowered. 

In further study of the conditions permitting the a
Pb02 phase, we performed a detailed investigation of 
the crystal structure of MnF 2 when the pressure upon 
it was reduced from 70 kbar to atmospheric pressure 
at 400°, 300°, and 25°C, i.e., we investigated its P-T 

1>The wolframite structure that also characterizes some ABX4 com
pounds is an ordered homotype of a-Pb02 structure. 

2>Modifications with a-Pb02 structures will be called, more briefly, the 
a-Pb02 phase. 

3>The metastable a-Pb02 phase was produced in advance in a high
pressure vessel that was large enough['] to furnish material for an entire 
series of studies. 
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FIG. I. Phase diagram of MnF2 [ 11 ]. 

diagram for the decreasing leg of the pressure cycle. 
We used an externally heated high-pressure x-ray cam
era with which Debye-Scherrer powder patterns are ob
tained directly while the samples of materials are being 
subjected to high pressures and temperatures. l 121 To the 
samples of MnF2 we added NaCl, which served as an in
ternal pressure gauge. We computed P from the change 
of the NaCl lattice constant as a function of pressure 
and temperature, using the semiempirical equation of 
state calculated by Decker. l 131 The pressure error was 
~ ±5%, which was determined from the error in measur
ing the NaCl lattice constant. The temperature error 
was ± 10°. The MnF 2 samples with initial rutile structure 
were subjected to 60-70 kbar at 400°, 300°, and 25°C dur
ing 5-10 minutes. X-ray photographs were then obtained 
following successive isothermal reductions of the pres
sure. The following phase transformations were ob
served: distorted fluorite- fluorite- a-Pb02 at 300° 
and 400°C and distorted fluorite - a-Pb02 at 25°C. The 
results are shown in Fig. 2a. From these data we deter
mine the regions of the different phases under the given 
conditions. The a-Pb02 phase appears when the pressure 
is reduced to 10 ± 2 kbar. At atmospheric pressure and 
400°C this phase is completely annealed out in 4 hours 
and is transformed into the rutile modification; at 300° 
during the same period of time the a-Pb02 phase does 
not change but remains as a metastable state. 

To investigate the possibility of a transformation 
from a-Pb02 to the fluorite structure, the a-Pb02 phase 
produced by pressure reduction was again subjected to 
high pressure in the same pellet. The results, shown in 
Fig. 2b, indicate a direct transformation from a-Pb02 
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FIG. 2. Regions of the different MnF2 phases: a-during pressure 
decrease in the first cycle; b-during reincrease of pressure in the sec
ond cycle. Symbols: 0-a-PbO phase, 0-fluorite phase, t.-distorted 
fluorite phase. 

to fluorite at 25 ± 3 kbar. A comparison of Fig. 2, a and 
b, with the P-T diagram for pressure increase[llJ indi
cates the hysteresis of the phase transformations: ~ 15 
kbar for a-Pb02 ~fluorite (300° and 400°C) and ~20 
kbar for fluorite= distorted fluorite (400°C). 

We have thus proved the existence of the reversible 
polymorphic transformations O!-Pb02 =fluorite and a
Pb02 ~distorted fluorite. At first glance this result 
disproves our earlier hypothesis[10J that the P-T dia
gram of MnF2 contains no region for a stable phase with 
a-Pb02 structure. We therefore repeated the x-ray study 
of this modification under high pressure at 25° and 300°C, 
after its production in a vessel of large volume (at 50 
kbar and 600°C).4> For this purpose the a-Pb02 phase 
was imbedded in a fresh boron pellet that exhibited plas
tic flow under the applied pressure. The results agreed 
with those of [10J: under increasing pressure we observed 
the polymorphic transformations a-Pb02 - rutile - fluo
rite (at 300°C) and a-Pb02 - rutile -distorted fluorite 
(at 25°C). It must be kept in mind that the transforma
tions 0!-PbOa ~fluorite and a-Pb02 ~distorted fluorite 
in manganous fluoride were observed only when the boron 
pellet containing the sample was subjected to a rein
crease of pressure in the second cycle or decreasing 
pressure in the first cycle. Under these conditions the 
medium that transmitted the pressure (the boron pellet) 

4>-rhe MnF2 powder was placed in a Pt container; spectroscopically 
pure graphite was used for heating. The pressure calibration of the vessel 
was based on the abrupt changes of electric resistance in Bi, Tl, and Ba 
corresponding to the pressures given for these transitions in[l4l, i.e., accord
ing to a scale based on the compressibility of NaCl; temperatures were 
measured with an X-A thermocouple inside the high pressure vessel. 

becomes less plastic and the pressures are nonhydro
static; thus shear stresses are generated in the sample. 
On this basis we conclude that the shear components of 
the stresses promote the appearance of the a-PbOa 
phase during pressure decrease and its persistence 
under reloading until the a-Pb02 - fluorite transforma
tion occurs. The regions of the different MnF2 modifi
cations should appear in a P-T-Y diagram. However, 
we cannot quantitatively evaluate the shears Y acting 
upon the sample in the high pressure vessel. The a
Pb02phase appears only when Y * 0 (Fig. 2, a and b). 

We also know that the a-Pb02 phase has been pro
duced by grinding MnF2 for several hours in a conven
tional mortar; here appreciable shearing forces un
doubtedly existed. [15J This result provides evidence for 
the influence of shear stresses on the formation of the 
a-PbOa phase. This becomes clear when we consider 
the possible mechanism of the rutile - a-Pb02 trans
formation from the point of view of crystal chemistry. 
A shear-induced deformation can promote the transfor
mation of straight chains of populated octahedra (rutile) 
into zigzag chains (a-Pb02). In Buerger's classification 
[1BJ this structural transformation is of the deformational 
type. Also, we have previously shown[12J that the a-PbOa 
structure can be produced by a not very strong distortion 
of the fluorite structure. Therefore it is reasonable to 
consider the metastable a-Pb02 modification as an inter
mediate stage when the fluorite or fluorite-like phases 
are transformed into rutile under high pressures. 
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