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The specific heat of BMgWOg has been measured in the temperature interval 83—-370K. An
anomaly in the specific heat associated with the phase transitibgFa812.8 K has been
discovered. The thermodynamic parameters of the structural phase trafksitBm— Pmcnhave
been determined. €999 American Institute of Physids$S1063-783009)03209-9

There exists a wide class of oxygen compounds withproved to be lower than its value determined in other studies
general formula ABB'Og, which undergo structural phase (312K, Ref. 1. The structure of the initial cubic phase and
transitions of diverse nature, including transitions associatethe distorted phase of PgWOQOg was resolved in Ref. 7.
with compositional ordering of the cations B and.Bhe = The symmetry of the low-temperature phase turned out to be
degree of ordering of the cations has a substantial affect botbrthorhombic with space groupmcn In a Raman light-
on the physical properties of the compound and on the naturgcattering study on a powder sample o, MgWO;g, a soft
of the structural transformations taking place i the tem-  mode was discovered in tHemcnphase, condensing in the
perature of compositional ordering is determined, first of all,center of the Brillouin zoné This gave cause to believe that
by the difference in the charges and dimensions of the ordea phase transition of displacement type is realized in this
ing ions. PBB?WOg compounds, as a rule, are orderedcompound. At the same time, the diffuse Raman signal ob-
mainly due to the significant difference in the charges of theserved in the cubic phase indicated that there is also a con-
B2* and WP ions and in the high-temperature phase haveribution to the mechanism of the phase transition from phe-
elpasolite structure(an ordered perovskite, space groupnomena apparently associated with ordering of lead and
Fm3m).! Depending on the size of the?B ion in these oxygen atom& which according to the structural studies are
compounds, distorted phases of varied symmetry can be relisordered in the cubic phase over several local $ites.
alized by a change in the temperature. Elpasolite with Mg as  The Raman scattering spectra and the dielectric constant
the B ion undergoes transitions to the antiferroelectric $tatewere later examined in greater detail in single-crystal
which is preceded in the compound having Co as the B iolPb,MgWOg (Ref. 9. The results of this study confirm the
by an incommensurate phase in a wide temperature intervalhypothesis made in Ref. 8 of a double mechanism of this
Substitution of the cobalt ion by cadmium leads to a substanphase transition. On the other hand, it is asserted that there
tial growth in the temperature of loss of stability of the origi- exists in this compound a phase intermediate between the
nal cubic phasé. cubic paraelectric phase and the orthorhombic antiferroelec-

Despite active research into oxygen elpasolites by varitric phase, and a second phase transition occurs in the region
ous methods, detailed information about their thermody220-240K.
namic properties and their behavior during phase transitions The present paper reports a careful study of the specific
are lacking. What information about them exists was ob-heat of elpasolite BIMgWOg over a wide temperature range
tained for isolated representatives of the family and, as avith the aim of elucidating the nature of its behavior and
rule, using a differential scanning calorimeter; only in Ref. 5determining its thermodynamic parameters such as the exis-
was PBMgWOQyg investigated using an adiabatic calorimeter,tence interval of the excess specific heat, entropy difference,
but only in a limited temperature intervé®75—-311 K in the  and hysteresis of the phase transition temperature.
vicinity of the phase transition &,=303.5K. At the same Specific-heat measurements were performed on the pow-
time, from the temperature dependence of the relative elorder sample used earlier in experiments to refine the structure
gation and volumé? it follows that additional thermody- of the compounfiand in the Raman light scattering studfes.
namic parameters associated with the phase trangifi@en-  An analysis of the x-ray diffraction patterns showed that im-
mal expansion coefficient, specific heahould be present purities are absent in the sample which would have come
over a significant wider temperature interval. Reference 3rom the initial ingredients used in the solid-state synthesis,
investigated a ceramic material in which, so the authorsind that foreign phases are absent as Hvklwas also es-
maintained, the existence of an inhomogeneous compositiaiablished that disorder is absent in the distribution of?Mg
is possible. It is entirely possible that this is precisely theand WP ions occupying the sites at the centers of the cor-
reason the temperature of the phase transition in this sdmpleesponding octahedfaThe sample in powdered form pos-
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FIG. 1. Temperature dependence of the specific heat gM§W0Os. The b"
dashed curve is the lattice specific heat.
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sesses the advantage that it is free of the mechanical stresses & 0.25
which inevitably arise in a ceramic during hot pressing. x R Y L) °...
=, 0.00 3 P
The specific heat was examined in the interval 83—370 K % —0.25 B L RTEeEEEEE T
with the use of an adiabatic calorimeter in the regimes of 2"10 * 2é0

discrete and continuous heating/cooling. A powder sample of

Pb,MgWOg with mass 4.297 g was placed in an indium con-

tainer which was sealed in a helium atmosphere. Below!G. 2. Specific heat of BMgWO, in the region of the second phase

300K the measurements were periormed using a iquid Syt 00esed i e 9, messuredusing e methads of oo

nitrogen bath, and in the interval 290—370 using an ice batheorresponding smoothed curves.

The temperature regions of the phase transitions were exam-

ined with the help of low-static thermograms with low rates

of variation of temperaturd T/dt=+4x 10 *K/s. corresponding change in the entropg,= 6Hy/T,=7.48
Results of the measurement of the specific HegtT) +0.52J3mol .K~1. The quantitieséH, and 6T, in the

are plotted in Fig. 1. One specific-heat anomaly is revealedsample investigated in this study turned out to be two times

with a maximum at 3132£0.5K. larger than the values obtained in Ref. 5. This also testifies
Figures 2a and 2b present results of a specific-heat mean behalf of a higher degree of perfection of the powder

surement in the temperature region where some peculiaritiessample in comparison with a ceramic sample since a de-

in the Raman spectra and in the behavior of the dielectricrease indHy and 6T, from one sample to another of the

constant were observed in Ref. 9 and interpreted as beingame compound /BB’ Ogz can be due to a “washing out” of

associated with a second phase transition iBMIWOQOg.  the phase transition as a consequence of the presence in the

The relatively small and uniform spread of the experimentakample of significant mechanical stresses and/or a disruption

points from the smoothed curve Gf,(T), both in the series of the degree of ordering of the B and Bns.

of continuous heating and in the series of discrete heating, The effect of hydrostatic pressure on the anomaly in the

allows us to state unambiguously that there are no anomaliefielectric constant at the phase transition iBlRgWOg was

in the specific heat in the investigated sample in the temperanvestigated in Refs. 10 and 11. The data of different authors

ture interval 200-250K, at least within the limits of differ quite significantly:dT,/dp=—0.59 (Ref. 10 and

1.0J/mol K, which amounts to 0.5% of the total specific —0.38 K/GPaRef. 11). Using this information and the value

heat of the compound. of 85, determined in the present work, it is possible to use
Thermographic studies of temperature regions centerethe Clapeyron—Clausius equatidity/dp=(6Vy/V)/6S, to

on the phase transitioRm3m—Pmcnallowed us to refine calculate the jump in the volume at the phase transition

the transition temperature fB,=312.8£0.2 K, which is in  point, which turns out to lie within the limits &/y/V)

satisfactory agreement with the data of Ref. 2, and also en= —(3.7—5.7)x 102 for the two values ofiT,/dp corre-

abled us to determine its hysteresl,=2.45-0.2K  sponding to the data of Refs. 11 and 10. Experimentally, it

(Fig. 3. From the thermograms we also calculated the latenhas been found thatsy/,/V)=—2.6x103 (Ref. 11 and

heat (or jump in the enthalpy at the phase transifion —4.7x10 ° (Ref. 6.

which is equal to sHy=2340+200Jmol !, and the To calculate the integral thermodynamic characteristics

>
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320 ticed that the best values of the varidRgactors correspond
to the situation where the lead atoms are disordered over
several equivalent sit€sAt the same time, these quantities
turned out to be very similar to each other for the possible
displacements of the lead atoms in tfE00), (110, and
(111) directions leading to 6, 12, and 4 equivalent sites,
respectively. In the orthorhombic phase, along with small
rotations and weak distortions of the octahedra, we indeed
discovered a displacement of the lead atoms alongahe],
axis of the pseudocubic cell. Thus, the structural data suggest
that the contribution to the entropy difference associated
with the Fm3m—Pmcnphase transition in BMgWOg due
to ordering of the lead atoms should A&/R=1In6=1.79.
The entropy difference determined in the present work,
ASy/R=1.56+0.13, turns out to be less than this value, but
larger than In4. As for the change in the entropy due to

304 P " ' L . rotation of the octahedra, this quantity, as was shown in

0 200 400 600 800 Ref. 12, is not large as a rule.
f, mn This work was carried out with the financial support of

FIG. 3. Thermograms recorded during the heafitigand cooling(2) in the the Russian Fund for Fundamental Resedfafants No. 96-
vicinity of the Fm3m— Pmcnphase transition in BMgWO,. 15-96700 and 97-02-162y.7
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While refining the structure of the cubic phase, we no-Translated by Paul F. Schippnick



