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The temperature dependence of the second-ordeicataastants of PhHs calculated by
using a thermodynamic relation. It is shown that thodel reproduces relatively well the
experimental values of the elastic const&ts C;, andC,, from room temperature to around
600 K. With the increase of temperature, the cated values of the elastic constants start to
deviate accompanying the increase of the ionic gotidty. The result indicates that in the
case of Pbf the material parameters evaluated at a refer¢ecgerature, the room
temperature in the present case, can not be eidtadoto high temperatures and that the
model for the elastic constant used widely in ttezdture should be used carefully.

§1. Introduction

It is well known that PbfFshows superionic conductivity in the temperatairege
T.= 705 K< T < T, = 1143 K, wherel, is the superionic transition temperature and
T is the melting temperatutéThe superionic conductivity of PpRrises from the
large defect concentration. PbRas a fluorite structure at room temperature and
ambient pressure. Concerning the origin of supéritehavior, many models have
been proposet.For instance, one of the authors proposed the Boathation model
of superionic conductors. According to this modbg fast ion movement in solids
occurs accompanied by local change of the cherhiwading®

In the present report, the temperature dependdribe elastic constant of Phi5
examined based on a thermodynamic relation. Inccubystals, there are three
independent elastic constan@y,, Ci, and Cy. These elastic constants describe the
longitudinal, transverse and shear stiffness, @smdy. Study on the behavior of
elastic constant is important, because it providssful information concerning
cohesive energy and interatomic interaction ofrtiagerials. The result of our analysis
reveals that the relation widely used in the litera does not describe adequately the
temperature dependence of the elastic constaftbFef

§2. Temperature dependence of elastic constants

The Anderson-Griineisen parameter which is usedlwidethe discussion of
elastic properties of solids is given by

__ 1 (Ky

where « is the thermal expansion coefficient ali¢lis the isothermal bulk modulus.
By using the definition of the thermal expansioreficient, the above equation
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becomes
5, =—V(6KTJ . 22)
Ky LoV Jp
Some years ago, Tall8rshowed that (2.2) can be generalized as
5, :_V(ﬁ'\") , 2.3)
MoV Jp

whereM is any of the elastic moduli such as bulk modealnd elastic constants.

Among various equations of state for solids progdosié now, the equation of
Murnaghan is one of the most widely used. In thenBwork of Murnaghan’s equation,
the quantitydy defined in (2.3) is assumed to take a constanievalnder this
assumption, the elastic modulus can be written as

v (2.4)
v, ’

where the suffix 0 denotes that the quantity unmersideration is evaluated at the
temperature of reference. In the past, (2.4) wasl us analyze the temperature
dependence of the elastic constants of ionic selidh as NaCl, KCI, MgO, ettThe
study revealed that (2.4) reproduces quite welltibleavior observed experimentally
over wide range of temperatures. (2.4) was alsdieappo study the temperature
dependence of elastic constants of A§BFhere, it was shown that the agreement
between the calculated and the measured data adefgoC,,. However, concerning
Cy1 andCy,, deviations were observed at high temperaturegh®mther hand, in the
parent compound AgCl, (2.4) reproduced well theperature dependence ©Gf; and
C.» reported experimentally, while a deviation was eseed in C, at high
temperature8.AgCl and AgBr are known for their high ionic comdvity that exhibit

at high temperatures. These observations motivasetb apply (2.4) to study the
temperature dependence of the elastic constanblBf Which exhibits also a large
defect concentration and high ionic conductivity lEgh temperature. For the
evaluation of (2.4)V(T)/V, is obtained from lattice parameter measurenf@iftsr the
Anderson-Grineisen parameters, the calculated vdhoen (2.1),61:=5.7, 61, =7.2
andd,,=1.5 were used.

M(T)ZMO[

§3. Resultsand discussion

Figs. 1 - 3 show the temperature dependences @lalstic constant§,;, C;, and
Ca44 of PbR. The solid line represents the calculated curvé2y) and the circles are
the experimental dafa.
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Fig. 1. The temperature dependence of the elastistantC,; of Pbhk.
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Fig. 2. The temperature dependence of the elastistantC,, of Pbhk.
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Fig. 3. The temperature dependence of the elastistantC,, of Pbk.

As shown in Figs. 1-3, the agreement between tlesured and calculated values
is good at low temperature. In the high temperapad, large deviations from the
theoretical prediction are apparent above 700 K.néke that the theoretical curves
start to overestimate the measured values of elastistants at around 600 K. This
means that there is a softening in the elastic taots of the crystals above this
temperature. The result indicates also that theenightparameters evaluated at the
reference temperature of room temperature cannaséeé at high temperatures as in
the case of typical ionic crystal NaClThis observation was also noted in our
previous works) ”

It is interesting to note that the superionic phaaesition in PbEoccurs at 705 K.
The phase transition in PpRs diffuse, that is, the ionic conductivity incees
gradually with the increase of temperature. Fighdws that a clear correlation exists
between the temperature dependencies of the iommdluctivity and the elastic
constants. The ionic conductivity in Pbétarts to increase at around 600 K. As noted
above, at around the same temperature, the etasigtants start to deviate from the
theoretical estimation based on (2.4). At aroun@ KQan abrupt increase of the ionic
conductivity and large change in the elastic cartstare discernible.
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Fig. 4. The temperature dependencehetlastic constar®; and ionic conductivity; of Pbb.

Through the phase transition, the concentrationFi@nkel defects increases
dramatically. Therefore, a part of the large dewra observed in the elastic constants
at high temperatures is caused undoubtedly by tiefeets. In the microscopic theory
of elastic constants, the effect of these defedisulsl be included. In the
phenomenological theory as used in our analysesgtfect of defects enters through
the material parameters used,’ in our case. On the other hand, some lattice
dynamical properties of ionic conductors have hiatarpreted in the light of bonding
nature of the compound$® Thus, another cause that results in the largeateni
shown in the figures could be related to this oletesn. To separate the contributions
of defects from the bonding effects and other ¢ffdcany, is a subject left for a future
study.

§4. Conclusion

The temperature dependences of the elastic coastdrPbl; were calculated
from room temperature to above the superionic itianstemperature through an
expression derived from the Murnaghan equationtates The comparison with the
experimental data revealed that the theory ovenastis the values of elastic constants
by large amounts above 700 K. Possible originbefdeviation was discussed briefly.
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The result of the analysis, together with the pesione¥ ” indicate that the
evaluation method of the elastic constants useeélwid the literature should be used
carefully when it is applied to high ionic condugtimaterials.
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