PHYSICAL REVIEW B VOLUME 53, NUMBER 1 1 JANUARY 1996-I

Pressure-induced critical behavior of KMnF; close toP,=3.1 GPa: X-ray diffraction results
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The critical behavior of KMnE close to the pressure-induced cubic-to-tetragonal structural phase transition
atP.=3.1 GPa has been studied by single-crystal x-ray diffraction. The pressure dependence of a primary order
parameter has been determined from superlattice Bragg intensities and was found to fulfill the power law
Q=A(P—P,)”. The transition with a small discontinuity of the intensities clos®tshows deviations from
the classical behavior similarly as in the temperature-dependent transition at 186 K, where the domain structure
considerably affects the values of the critical parameters. However, the pressure inhibits formation of large,
single domains of definite orientation. Instead, increased width of diffraction profiles points to the appearance
of numerous, narrow domains which may influence the character of the transition.

Our recent high-pressure x-ray-diffraction studies on gperformed within a diamond-anvil cell compared to the low-
single crystal of the cubic perovskite KMgFspace group temperature experiments, we have made an attempt to use
Pm3m at ambient conditionshave shown that besides the Landau thermodynamical approach for at least a qualita-
known and extensively described temperature-dependetive description of the transition. For this purpose it was
structural and magnetic phase transitigR3’s),'* there is  necessary to define a physical quantity which could be con-
also a pressure-induced structural PTPat3.1 GPa to the sidered as an order parameter. It was establishedhiat
tetragonal phasé4/mcm®® A detailed analysis of the crys- above P; the macroscopic straires is proportional to
tal structure distortion as a function of pressure up to 6.4P—P;), what means thate; is a secondary order
GPa showed that the microscopic mechanism of the comparametef>?* According to Nicholls and Cowle§ and
pression could be described by antiphase rotations ofMnFCOX? a primary order parameter of the transition
octahedra around tH€01] axis in adjacent cel&The shape Pm3m—Il4/mcmecan be related to the intensities of the su-
of octahedra changes with pressure, since the Mn-F distanc@érlattice reflections which arrive abo¥ and are entirely
vary significantly(Fig. 1), so that the assumption of the con- caused by the Fatom displacement from the high-symmetry
stant shape of the octahedra is only approximate. Usingosition. Assuming this displacement as a driving force for
Glazer’s notatioh this is ana®a°c” phase with enlarged the transition we have extended our earlier investigations by
unit cell: a,=a,\2, ¢,= 2¢,,(Z=4). Considering these ex- Measuring:
perimental data, the structural PT at 3.1 GPa appeared to be
of the antiferrodistorsive nature, similarly as the correspond-
ing temperature-dependent transition at 188 K.

A number of theoretical treatments of temperature-
dependent phase transitions in perovskites of the Sriife 2,09 4
were based on the Landau thermodynamical theory, accord
ing to which it is essential to define an order param&er
describing the way in which a low-symmetry phase departs
from the high-symmetry on¥:'* The temperature-
dependent structural instabilities in KMgFrelated to the
dynamics of the Mnfoctahedra, have been characterized by
a three-component order paramet@(Q;,Q,,Q3) where
only Q;#0 belowT.;. Cases withQ,#0 andQ,+#0 corre-
spond to the other distorted phases’ and are beyond the
scope of this paper. The pressure dependenc® oén be
expressed by the power la@=A(P— P.)?, whereA is the
amplitude of transition ang is the critical exponent describ- 2,04 L - L . L , s
ing the variation of the order parameter wher- P... Since .
it is known that hydrostatic pressure changes the character of Pressure (GPa)
some PT's219it was considered interesting to make com-
parative studies of the critical behavior of KMgiElose to FIG. 1. The pressure-dependent octahedral change in KinF
the pressure-induced PT B{=3.1 GPa. Being aware of the the cubic and tetragonal phases. TiWn-F;) denotes equatorial,
generally lower precision of the high-pressure experimentand (Mn-F,) azimuthal bond distances in the octahedron.
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(1) integrated intensity variation of the superlattice reflec-
tions (211, and (123, 160
(2) full width at half maximum(FWHM) of the main Bragg r
reflections(400), and (004). in connection with the ar- 140 |
rival of a domain structure due to the tetragonal defor-
mation. 120

The present experiment is concerned with the effects in
the vicinity of P;; thus the pressure range has been con-
firmed up to 4.1 GPa, which allowed the use of a relatively
large sample, ensuring better counting statistics. A high-
quality monodomain sample-(150x160x50) um was
mounted in a diamond-anvil ce(Diacell products, DXR-4
UK) together with a crystal of fluorite for pressure calibra-
tion. A 4:1 mixture of methanol:ethanol was used as the pres-
sure transmitting medium. The Inconel X-750 gasket had at
the start a hole of the diametel=0.25 mm. The x-ray-
diffraction experiment was carried out on a STOE 4-circle
diffractometer with graphite monochromated M radia- 20}
tion (60 kV, 40 mA). Before and after each pressure point the ] _
26 angles of twd{111} fluorite reflections were measured and TR0 3.03 GPa
used to determine the pressure from the equation of state for e
CaF, (Ref. 23 with a precision of 0.04 GPa. Crystal offset 6 1w 20 30 4 S0 60
errors and instrumental systematic errors were controlled by o angular position (arb. units)
using a procedure of Hamiltoi, modified by King and
Finger?® The orientation of the sample was controlled at FIG. 2. Evolution of peak profile§w scan of superstructure
each pressure from setting angles of 12—14 strong reflectionsflection(211), with pressure. The solid lines are guides to the eye.
(9°<2#<19°) using the standard centering and double scan
procedure(w_60_, w,6,) of the STOE software which al- The integrated intensities of th@11), and (123); reflec-
lowed improving the precisioffe.s.d.’s of unit-cell param- tions between 2.5 and 4.1 GPa acrBssvere measured and
eters from 0.01 to 0.001-0.002) AThe intensities and pro- individually fitted by the least-squares method to the experi-
files of superlattice reflections together with their Friedelmental power lawl =A(P—PC)2"’, with A, B, andP, as the
pairs were measured with counting time 100 sec/step, usintgfined parametef$ig. 3@]. In Fig. 3b) the squared inten-
w-scan technique. The long measuring time was used to olsities are plotted against the reduced pressure. It is seen that
tain a better signal/background ratio. Normal Bragg reflecthe two reflections differ in character: the strotgll),
tions were measured with time 10 sec/step. The intensitieshows the features corresponding to a first-order transition,
were corrected for background, and Lorentz and polarizatiowhile the weak (123,—due to the poorer counting
effects. Experimental constraints imposed by the highstatistics—changes less rapidly abdye
pressure technique cause that the pressure intervals, depen-Taking into account the deviation @211, superlattice
dent on the elastic properties of the gasket material, coulteflection from the classical behavi@fig. 3), we have used
not be controlled as precisely as the temperature in the cauglee formula for the free energy extended to a first-order tran-
of temperature dependencies. Thus, the reduced presswsidion by adding a term of the sixth power of the order pa-
range p=(P—P.)/P.<0.2 could not be covered with as rameterQ:
many experimental points as wanted, although special care
had been taken to slowly compress the sample in order to F=1/2a(P—P:)Q%+1/40Q"+1/6cQ°, (1)
perform the measurements with as small pressure intervals
possible.

The evolution of theg(211), peak profile as a function of
pressure in the tetragonal phase is shown in Figsdid Q2=A,{1+[1—A,(P—P.)]*3 )
lines are eye guides onlyThe profile atP=3.03 GPa has ¢ ’
been obtained after decreasing the pressure bBjowut all  where A;=—b/2c and A,=4ac/b? Fitting the data
the others were measured with the increasing pressure. TheK(P—P.)?# to Eq. (2) we find that K?A;=173(31),
nonvanishing intensity below, can be attributed either to A,=0.21(15), and®,=3.125) GPa. From the positive sign
diffuse scattering—the experimental arrangement, howevenf A, it follows thatb<0. As the parameter&; andA, are
was not suitable for a more quantitative study of the effechighly correlated one may only state that the probability for
connected with short-range interactions—or to a hysteresithe transition to be of first order is higher than it is of second
of about 0.15 GPa. It was observed that intensities correerder.
sponding to increased and decreased pressures were differentExamination of the domain formation is essential in con-
within this pressure range. If we relate this effect to the pressidering the effects influencing the transition character. One
sure hysteresis, its magnitude appears slightly higher thaof the ways of observation of the domain appearance in the
three standard deviations of the pressure determingi@4  tetragonal phase is to measure the full width at half maxi-
GP3a. mum (FWHM) of (400). and(004),. reflections as a function
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Fe coefficients andc are positive and is negative
Minimization of (1) gives the well-known formula:
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FIG. 4. Full width at half maximuntFWHM) (arc deg inw), of
the reflectiong400), and (004). as a function of pressure.

more complicated, and in Ref. 28 it was exhibited that the
cubic reflection(h00), could split into as many as ten tetrag-
onal peaks. This process seriously affected the intensity of
superlattice reflections, because the relative proportions of
the particular domains were temperature dependent. In the
present investigation the domain formation takes place
mainly close toP, as it is seen from Fig. 4. In the high-
pressure phase apart from the transition pressure the FWHM
did not change significantly, as long as the sample was not
decompressed belo®,. It seems that hydrostatic pressure
suppresses the creation of large domain clusters with definite
orientation which was observed in the temperature-
dependent transition. Instead, numerous, narrow domains
were formed and they could be a reason for the intensity tail
below P, (Fig. 2.

The present study demonstrates that high-pressure single-
crystal diffraction results, used to characterize a phase tran-
sition in terms of Landau theory, enables the approximation
of an order parameter. It is known that critical fluctuations,
leading to hysteresis effects and influencing the transition
pressure, may cause the transition to show features of the
first order. Although we were not able to measure the lattice
diffuse scattering, we have, in fact, observed tRatwas
shifted towards the higher pressures on increasing pressure,
while on decompression, wheB. was approached from
above, the nonvanishing intensity of the superlattice reflec-

as a function of pressure. The solid lines are least-squares fits to thons persisted below,. The shift of the transition pressure,

power law:1=A(P—P.)2#, whereP shows the transition pres-
sure from(211),, averaged3=0.247). (b) Squared integrated in-
tensities of(211), and (123, reflectionsversus(P—P.). The left-
and right-sideY axes correspond t211), and (123), reflections,
respectively.

AP.=0.154) GPa(1.5 kbaj, shows the metastability limits.
The transition at 3.1 GPa might be correctly described as a
weak first-order transition. The phenomena related to the
first-order character of the transition are limited to the nar-
row critical pressure region and thus are difficult to access in

of pressure. A Gaussian fit to the peak profiles showed rapil'® high-pressure experiment.

broadening of both reflections in the vicinity 8§ (Fig. 4),
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