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The role of lattice vibrations in the crystal properties related to the homogeneous strains is
discussed. Such properties depend on the individual phonon characteristics measurable by
vibrational spectroscopy. So, being applicable to powderlike samples, it can provide an
indirect information on those bulk characteristics which cannot be directly measured for
such samples. The piezoelectricity of cubic SiC, and the elasticity of tetragonal ZrO, are
considered along with the phonon spectra. Thus the mechanism of the polarization of
sphalerite-like materials is elucidated; a contradiction between the elastic properties of the
t-ZrQO, lattice and the conventional interpretation of its Raman spectra is revealed. © 7999
Kluwer Academic Publishers

1. Introduction from lattice-dynamical treatments based on a simple
Most ceramics-forming crystalline compounds are onlyand physically transparent theory.
accessible in the form of powder. This hinders the in- Within the harmonic approximation, customarily
vestigations of their bulk properties requiring single used in the theory, the vibrating lattice can be regarded
crystals. Therefore, special attention is paid to the techas a set of the normal coordinates (normal vibrations)
nigues applicable to the powderlike and low-qualityeach being specified by the frequency, eigenvector
crystal samples. Vibrational spectroscopy belongs tqshape), and by the dipole and polarizability deriva-
that category: it is routinely used to study the behaviottives. The normal coordinates form a space of internal
of ceramic materials during processing and applicadegrees of freedom of the crystal [1]. Those of them
tion. However, as a rule, those studies do not concerwhich are Raman-active participate in the internal re-
the elastic and piezoelectric bulk propertighich very  laxation processes induced by the macroscopic strains
frequently remain poorly determined (if not completely of the complex crystals [2], and thus influence the mi-
unknown). In this paper, we wish to discuss some in-croscopic mechanism of those strains. So, such bulk
direct facilities of the vibrational spectroscopy in this characteristics of the crystals as the elastic and piezo-
field, and to gain an insight into the microscopic natureelectric tensors would depend on the individual char-
of the properties under consideration. In turn, whenacteristics of the normal vibrations.
dealing with powder-like samples, vibrational spec- Being a tool to study the normal coordinates, vibra-
troscopy cannot provide objective data on the symmetryional spectroscopy can be a virtual source of the in-
ofvibrations, which poses heavy tasks for their interpreformation on the elastic and electromechanical prop-
tation. Therefore, we also wish to discuss the situationgrties of crystalline materials if the role of the lattice
where the information on the above mentioned bulkvibrations in these properties is understood and quan-
properties can serve the solution of the spectroscopititatively estimated. The present paper is aimed to con-
problems. sider the relationships between the above properties
For such a discussion, tmeicroscopicmechanisms of crystals and the longwave vibration characteristics
of the coupling between the lattice vibrations and themeasurable by the standard routines of the Raman and
macroscopistrains of the crystal must be clarified. Al- infrared spectrometries. The fundamentals were devel-
though the information on this coupling lies outside theoped in works [1-4], but it seems that their applied as-
conventional area of the direct experimental observapects related to the concrete materials science problems
tions, a great deal of the understanding can be derivediere not elaborated in detail.
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Below we provide some theoretical basis in whichis an element of the elastic tensor at a constant electric
the properties in question are considered in the leadteld,;
complicated form (Section 2). Then, jointly with exper-
imental data} e_md the_z results of the qgantitative quel gog;fs = goggﬂ + zakzm/wf (5)
treatments, it is applied to the sphalerite-, and fluorite-
like ceramics-forming crystals, SiC and Zr@spec- represents the static dielectric tensor, and
tively, with emphasis on the piezoelectric effect in the

former structure (Section 3), and on the elastic behavior & = egi — Zui Fii /wf (6)
of the latter (Section 4). Concluding remarks are made
in Section 5. is the element of the piezoelectric tensor.

By applying conditiondV/dE, =0 to expression
(3), one gets

2. General consideration V = 1/2U; T Uk 7)
Vibrational, elastic, and piezoelectric properties of a lat-

tice can be naturally joined together within the frame-\ynere

work of the lattice-dynamical theory of homogeneous

strains of crystals [1]. Along this theory, the initial _ _ st

instant strainUJ; (i = 1-6 are Voigt's indices; & XX, Pic = Cic + (& €/ 2025) ®
2=yy, ..., 6=Xxy) is generally followed by the two
processes: (i) an internal structural relaxation occur
ring in the space of normal coordinat€y,; (ii) the
variation of the lattice polarizatiod P which pro-
duces the macroscopic electric fiéldvithin the lattice.

These processes minimize potential energy density 5 . .
and provide the stationary conditioa¥ /d Q; — 0, and Where theék value describesthe ellectromechanlcal cou
pling. Its components far = g andi =k are electrome-

dV/dE, = 0. Within the harmonic approximation, the : - . . .
. . ; chanical coefficients squared, widely used in practice:
V value can be written as a quadratic form of variables

Ui, Q. and E, (normalization to a unit volume and K2, = &, [e0cS,C (10)
summation on repeated indices are assumed hereafter): i = Soi [ ©0%a il

is a piezoelectrically stiffened elastic constant, which
can be rewritten as

Tik = Cik(1 + k?) %)

Equations 4-6 show that the elastic, dielectric and
V = 1/2U0,CRU; + 1/2Q,02Q; + Ui F5 Qs piezoelectric characteristics of solids generally include
e 0 two contributions: the first terms in the right-hand sides
—1/2Bpe0eqp Ba — Ui€i Be — QiZainBo (1) of Equations 4—6 specify the instant response of the lat-
tice to the change of parametétsandE, , whereas the
in which the coefficients can be specified as follows:second terms relate to the relevant relaxation processes
C2 is a “bare” (nonrelaxed) elastic constam, is a  arising in the phonon subsystem.
frequency ohth phononF;; is a so-called elastic-optic ~ The coefficientw? in (1) determines the “mechani-
coupling constant describing the “mechanical” force oncal” stiffness of the.th phonon. The,,, andF;; values
coordinateQ, induced by instant straid; (nonzeror; are the phonon characteristics describing the coupling
means that theth vibration is Raman active [2]ype¢,  of the phonon to the macroscopic field, (a first-
is an electronic dielectric constant (heggs permitiv-  rank tensor) and to the straik (a second-rank ten-
ity of vacuumyr, 8 = 1, 2, 3areindices of the Cartesian Sor) respectively. Thé(fA value specifies the oscillator
axis), €2, is a “bare” piezoelectric constant describing strength of the.th mode. This value can be estimated
the instant polarization of the strained lattice, ahg  fromthe IR-reflection spectra, or from the TO-LO split-
is the effective dynamical charge which describes thding in Raman spectra. THg; is not straightforwardly
polarization properties of coordinag, . accessible from the experiment. For any Raman-active
ConditiondV/d Q, =0 leads to vibration participating in the relaxation processes, the
symmetry rules dictate the following properties: the vi-
bration which changes thes element of the polariz-
ability tensor is coupled to the macroscopic stridin
having the same cartesian indéx{«g). In particular,

to theU; (i =1, 2, 3) strains.

Qiw? +UiFy — ZyE, =0 (2)

V = 1/2UxCikU; — 1/2EgeoessEn — Uiy Eo (3)
3. Silicon carbide SiC

in which the coefficients have the following physical It can be seen from Equation 6 that the vibration
sense: contributing to theiezoeffecis to be necessarily active
in the Raman scattering-(j # 0), and in the infrared
spectra Z,; #0). The simplest structures possessing
Cik = C) — Fi ka/wf (4)  such a property are the sphalerite-like lattices to which
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aseries of ceramics forming materials belongs (3C-SiCtions. They form theF,;; internal “mechanical” forces
AIN, BN, etc). The unavailability of large single crystal (see Section 2). Concurrently, the above atomic shifts
is typical for these. Consequently, the measurements afould give rise to the instant electric fieExS = egi Ui
the piezo-elastic properties remain beyond the facilitiesvhich produces electrostatic forces acting on the ions
of the direct methods, whereas the phonon charactetegether with the mechanical ones. To find a novel lat-
istics, namely, the»? and Z2, values, are accessible tice geometry providing the energy minimum (i.e., zero
from the powder Raman spectra in which TO and LOnet forces on ions), the two sublattices would displace
phonon frequencies can be well observed. In this Sedn opposite directions along the-axis. Consequently,
tion, we shall discuss the situation of the cubic siliconthe Q, (T,) normal coordinate and the electric field
carbide, and focus on the bulk polarization propertiesvould simultaneously vary until the above mentioned
of this lattice. stationary conditiondV/d Q, =0anddV/dE, =0be
The longwave vibrational spectrum of a sphalerite-fulfilled. This corresponds to the following values:
like structure consists of a single triply degenergéie
mode in whlch the su_blattlce c_>f anions, and th(_a sublat- AQ, = —(in /wf)AUi 4 (Zyk/wf)AEy (11)
tice of cations move in opposite directions. This mode
has the properties described by a first-rank tensor (a AE, = (ei /505> AU; (12)
polarization vectoP), and by a second-rank tensor (a
non-diagonal polarizability matrix). As a result, this vi-
bration is coupled to the macroscopic electric field of
any polarization, and to any shear strain of the lattice
Thus it contributes to the 4 = e;5 = e34 piezoelectric

Equation 11 shows that th@, (T.) normal coordinate
can be regarded as a spring which, in the strained lat-
tice, is loaded by the mechanical and electric forces

constants. and 16 C Co Blastic constants (the first and the second terms in the right-hand side
, 44=Css = Cep .

. e of Equation 11 respectively), and which is responsible
In Fig. 1, a fragment of the sphalerite-like SUUCWUre o e equilibrium in the lattice. Equation 12 shows

|s'pres<j:‘nted. Let us cqngder the effepts_ OCCUMING Mt the macroscopic field results from the screened
this lattice during a positive shear straih in the o piezoeffect

plane (which diminishes an angle betweeq axesid The above considerations show that a polarization
p). We shall follow the approach used for SiC [5]. That echanism of a strained lattice includes a number of
ref!ectls _the tlﬁr??rl]y cor:/ aIe_nt Ingturg ofltheﬂc]:ompotunl hangeable factors. This makes the piezoelectric effect
in IMplying that the chemical bonds piay the centra a very subtle phenomenon. Actually, its magnitude and

role in the lattice dynamics and in the polarization ef_-sign depend on those of parametéis, €, and Zy;

feqts. The arrows in F_ig. 1 correspond to the atormcwhich are not predictable from the “common sense”.
fr?'ﬁs tre!eva;)nt t(;) tgellnstgrtélizshearl dStt;a'rll' DL,:E to dOf course, the first two values, as well as the sign of the

IS strain, bonas >-1 and o-2 wWou e lengthened,; 4 one, are not measurable. Therefore their model
whereas bonds 5-4 and 5-3 would be shortened. At thxe,onsiderations can be instructive

same time, angle 2-5-1 enlarges, and angle 3-5-4 di- The origin of theF;; value in the sphalerites was dis-

m|_n|shes. The _relevant restoring forces W.OUId.aCt Nussed above, and the lattice-dynamical studies [3, 5]

anions and cations along theaxis in opposite direc- shows thaF;; is negativan those structures. The origin
of thee®, andZ,; values depends on the mechanisms
of the lattice polarization. By using the simplest de-

. scription of the dipole moment densi®y,= zsRs (here

i Rs is the position vector of thsth ion, andzs specifies
the ionic charge), one can describe dheomponent of
polarizationA P as follows

l’ (8))

The first term in the right-hand side of (13) corresponds
tothe displacements ofthe ionic charges, and the second
one describes theurely electronic effecinamely, the
redistribution of the intrabond electron density, which
results in the charge variationszs. Within our ap-
proach [5], this is associated with the changes of bond
lengthsL.

Being negligible in a mainly ionic lattice, the role
of the electronic term in (13) would increase with in-
creasing covalency of the interatomic bonds, but con-
sequences of this effect are ambiguous. Actually, for a
given atomic displacement pattern related to a macro-
scopic strain, the relevant electron redistribution would
Figure 1 The atomic displacement pattern of the sphalerite-type IatticeeItherdecrea‘seﬂ’]e ionic charges magnitudes, thus can-

undergoing the: shear strain. Position (0, 0, 0) is occupied by a positive _Ce”ing the first term in .the right'_hand side .Of (_13), or
ion; the position of a negative ion corresponds to (1/4, 1/4, 1/4). increasethem, thus adding to the ionic contribution. To
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clarify the situation of the sphalerite-like compounds, mainly ionic lattices like CuCld,; =0.16 C/n?) and

let us analyse the dependences ofZhe ande,i val- ~ ZnO (g,; =0.64 C/n?), drops in more covalent ZnSe
ues in these structures on the character of the chemicg ; = 0.05 C/n?) and CdTe¢,; = 0.03 C/n?), and be-
bonding. The signs of those values are of importanceomes negative for most (if not all) I11-V structures,
for this analysis. However, neither dielectric characterfor example~0.07 C/n# for InSb, and—0.16 C/n# for
istics (Equation 5), nor electromechanical ones (EquaGaP. Since SiC is the most covalent (IV-IV!) sphalerite-
tion 10) cangive such aninformation, since they containype lattice with a very high-frequency, phonon
those values squared. Therefore, we concentrate on thig = 796 cnt?), it is highly anticipated that the,;
Equation 6, and firstly concern t@i value, i.e., the value is negative for this compound.

“instant” lattice polarization along the-axis, induced Cubic SiC is not accessible in the form of single crys-
by the unitaf (=U;) nonrelaxed shear strain. Since tal, and the piezoeffectin itis not measured. In the same
such a strain does not displace any atom inythiirec-  time, the estimation [6] of thi, electromechanical co-
tion (see Fig. 1), the ionic term in (13) is identical to efficient (98 x 10~4) for the hexagonal SiC seems to
zero, and the relevant polarization (and thus a nonzerpe reliable. Thus one obtaires; = +0.2 C/n? by us-
value ofeoi)can result from the electron flow only. This ing Equation 10 withCy; =502 GPa [6] and)gt?’: 10

is negligigle for a mainly ionic lattice CuCl. Therefore, [5]. Then, following Ref. [7], one can regard the cu-
the positivesign of the piezoeffecte(; =0.16 C/nf)  pic {111} plane as equivalent to the hexagof@001
observed for CuCl (experimental data from Refs. [4, 5]plane, and thus find a correlation between the piezo-
will be used hereafter) must be associated with the seglectric tensors of the cubic and hexagonal structures.
ond term in the right hand of Equation 6. Consequently|n this connection, it must be noted, that a relation-
since F;i <0, one can conclude that,, >0 in this  ship ey = —2/+/3 el proposed in early work [8] is
compound. o not valid, and the correct one &4°=+3/+/3 €

_ The sphalerite family includes many members rang(s) gy using the results of above considerations, one
ing from the presumably ionic I-VII such as CuCl readily obtains for cubic SiC valugs = —0.35 C/n?
(IZo1| =1.12¢), through the II-VIs such as ZnS \yhich seems to be rather reasonable in context with the
(IZa1| =2.15€), through the 1lI-Vs such as InSb y51yes measured for other sphalerite-like lattices [4].
(1Zar|=2.43€), to the single IV-IV-cubic SiC  Tyeating this value jointly withZ,, =+2.7e within
(1Z22] =2.7€). A monotonous increase of the abso- e framework of the lattice-dynamical model [5], we
lute magnitudes of th&,; =dF,/dQ, value in this  fing chargez(Si)=0.42e and its derivativedz(Si)/
series correlates with the increasing covalency of the, L(Si-C)= 0.91e/A , thus revealing that thetatic ionic

bonds, i.e., with an increasing role of the electronicchargezin SiC is almost of an order lower than teé
term in Equation 13. So, it is highly likely that, for all fgctive dynamicathargeZ,; .

the sphalerite-like structures, the sign of the electronic e following issue thus can be made: (i) a largely
contribution toZ,, is the same as that of the ionic one. covalent bonding in SiC results in a highly rigig

Thus, theZ,,, value also keeps this sign. Since itis pos-pnonon; consequently, the relaxation processes play a

itive for CuCl lattice, it would remain positive for all - gecondary role in the shear strains, and the piezoeffect,

the structures under consideration. _ dominated by the intrabond electron flow, is essentially
According to the bond polarization mechanism [S], negative and the strongest one among the sphalerite-

the positiveness of the both terms in t#g, value  |ike materials and (ii) at volume expansion, the bond

means that the magnitudes of the ionic charges INCreéasgngthening wouldncreasethe ionic charges, thus pre-

as the bonds lengthen, and they decrease as the bongigosing the lattice to dissociate intharged ions

shorten. A bond elongation would cause the electrorsch an effect can occur during the sublimation of the
charge to flow from the positive ion to the negative |attice.

one, and the bond shortening would move this charge
in the opposite direction. In the situation displayed in
Fig. 1, the electron charge would outflow from ions 2
and 1 (bonds 5-1 and 5-2 are lengthened), and would. Tetragonal zirconia ZrO,
flow to ions 3 and 4 (bond 5-3 and 5-4 are shortened)One of the most technologically important mate-
As a result, anegativepolarization would arise along rials zirconium dioxide Zr@ has three polymorph
the y-axis. Consequently, it can be concluded that théorms at ambient pressure. On cooling from the melt-
e)?i value isessentially negativan the sphalerite-like ing point (:3100K), it crystallizes into a fluorite-
lattices. like structure, and then undergoes a succession of
So, in contrast to th&,, value, thes,; piezoelectric ~ structural phase transitions, cubicﬁ(}@» tetragonal
constant value consists of the t@ompetitivesontribu-  (D2) — monoclinic (G,)), each time with doubling the
tions presented by the two terms in the right-hand sidgrimitive unit cell volume. The presence of impurities
of Equation 6. In the sphalerite-like compounds, thelike Y,03, CaO, MgO etc. stabilizes the high-symmetry
magnitude of the first (negative) term would increasephases of zirconia which thus can occur at room tem-
with increasing covalency of the chemical bonds. Inperature. The existence (and co-existence) of various
parallel, the increasing elasticity of the bonds wouldmodifications of ZrQ at ambient conditions makes the
augment the phonon stiffness) thus diminishing the  identification of the structure an important and actual
positive contribution of the second term. This explainsproblem to which vibrational spectroscopy is frequently
why the piezoeffect being strong and positive in theemployed, since the longwave spectra of the zirconia
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e /® magnitudes of oxygen shiftssshown in Fig. 2. These

NN PY // destroy the cubic symmetry of the initial structure, and
N ~o S Ly give rise to the optic-acoustic coupling between the
\ /\/ / /g/ A1y mode and theJ; (i =1, 2, 3) macroscopic strains.
/‘& N ¢ Therefore, spontaneous internal displaceméris.,
AN /;? A Qsm) associated with the phase transition would in-
// AN i duce those strains whose values are given by equilib-
el \y’/ rium conditionsdV/dU; =0 (see Equation 14),
7/
L ] PZERNN
/f/ \\ \\\ AUj = —(Fk sm/CiCE()AQsm (16)
//// \\ \\ 3
7
//? NQ To minimize the volume variation, those strains obey
N ?\ AN the relationsAU; = AU, ~ —1/2AU3, which corre-
P ANGRN sponds to
//// \\ \\
Vi AN . .
./ . Fl sm— F2 sm™~ — 1/2F3 sme (17)

Figure 2 The fragment of a cubic Zr{displaying the first coordination .. . . .
spheres of zirconium (black circles) and oxygen (white circles). Theconsequentlyv the variations of the unit cell dimensions

arrows represent the displacement pattern corresponding to the cubidd@ = Ab= —1/2Ac take place. The model considera-

tetragonal transformation. tions [10, 11] inambiguously show th&gsm < 0. This
explains why the initial cubic unit cell transforms into
a tetragonal prism witk > a (see Equation 16).

polymorphs differ markedly. Although those spectraare  Thus, the tetragonality of thedpzirconia can be de-
the objects of extensive studies, many points of their inscribed by two parameters: by the primary (internal)
terpretations remain debatable. This paper concerns tHerametes; and by the secondary (external) parame-
points related to the assignments of the lines in the Raer k=c/a. For the puret-zirconia, § = dmax= 0.065
man spectra df-zirconia. We shall discuss them jointly (in ¢ units), andk = kmax=1.024 [13]. For the stabi-
with the structural and elastic properties of theand  lized zirconia, the values of these parameters depend
t-phases. For this, the system of the cubic axes will b@n the quantity of dopants, and lie in the following
kept fort-phase. limits: 0 <8 < d8max, and 1< k < kmax. The case when
The piezoeffectis forbidden in zirconia by symmetry, 8 > 0, k=1 occurs in reality [14] and means that in-
and theV value (see Equation 1) can be rewritten as: ternal deformations are not followed by the external
ones. From the lattice-dynamical point of view such a
_ 0 2 e situation would imply that, despite the occurrence of
V= Y2V G+ 1/2Qu0, Qu + UiFi Q. (14) the internal straim\ Qs the external structural param-
eters do not relaxe (i.e., condition (16) is not satisfied),
and the lattice is anisotropically stressed.
So it can be said that the;jnormal coordinate of
the tetragonal zirconia is an effective spring which pro-
AQ; = —(Fi /wf) AU, (15)  videsa coupling between the various effects: the micro-
scopic internal deformations, the external stresses, and
The set of atomic shifts distorting tleelattice into the ~ macroscopic strains of this lattice. In fact it dominates
t-lattice is shown in Fig. 2: the oxygen atoms movethe behavior of the-structure. So, the knowledge of its
along a cubic axis, whereas the metals are immobileglasticity @?) is a key to understand the behavior of the
This displacement pattern is equal to that which wouldt-ZrO, structure.
be induced by a condensation of a so-calledrdode Because of the absence of the pure single crystals and
which belongs to the triply degenerate X-point of thethe disorder in the doped structures, the objective diffi-
cubic Brillouin zone. In line with this, the results of the culties occur for the reliable determination of the sym-
formal theory-group analysis [9], the lattice-dynamical metry properties of the lattice vibrations tirzirconia.
treatments [10-13] and some experimental evidenc&lowever, a conventionally accepted assignment of the
[13] strongly argue for the X soft-mode mechanism Raman-active modes 6fZrO, can be found in liter-
of the c-t inversion. The discussion which follows is ature [15, 16]. According to this, the;fmode corre-
based on this position. sponds to a weak line near 600 Tthin the vicinity
In the cubic phase, the Zgattice does not contain of the principal (former cubic ;) band in the Raman
totally symmetric vibrations. Therefore, thi strains  spectra. It was originally proposed in Ref. [15], and
with i =1, 2, 3 are not accompanied by internal relax- since then is frequently cited (see e.g. [16]). To our be-
ation processes. In thiephase, the soft mode (which lief, some points of that assignment are worth another
will be labelled sm hereafter) becomes a single mode ofook.
the totally symmetric Ay representation. Letus discuss  Note first that the above frequency of &t modes
the consequences of this effect. Note first that the tetragsurprisingly high, and seemsto be an exceptional case in
onal distortion of ZrQis driven by the amplitudA Qs the spectroscopy of the displacive-type structural phase
of the “frosen” (totally symmetric) soft mode, i.e. by transitions. None of the lattice-dynamical treatments

Equation 4 describing the “mechanical” bulk elasticity
remains valid; Equation 11 reduces to view
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of the cubic zirconia [10-12, 17] extrapolated to themain parameters of the theory of the macroscopic ho-
tetragonal structure can explain that effect. Actually,mogeneous strains of crystals. Therefore, together with
during thec-t inversion of zirconia, there are no dra- other experimental data and lattice-dynamical model
matic structural changes accounting for such a hugeonsiderations, they can serve the indirect estimation
hardening of the condensed phonon (which vanishesf the crystal bulk properties related to those strains,
at the c-t transition point). Besides, it appears thatwhen the direct methods are not effective. The last sit-
strong doubts in the validity of the above assignmentuation is typical for many ceramics-forming materials.
of the A;g mode come from the comparative analysisTo exemplify this point, the properties of such mate-
of the elastic constant€§x (i, k=1, 2, 3) of the cu- rials. SiC and Zr@ (for which the single-crystal data
bic and tetragonal Zr® The experimental values for are not accessible), were considered along with the rel-
c-ZrO, areCq11 =417 andCi, =82 GPa [17]. Th&Cik evant spectroscopic data. The sign of the effective dy-
values for the-phase are not measured (to our knowl-namical charg&.s and the value of the piezoelectric
edge), whereas those forphase were investigated as constang,; thus were deduced for cubic SiC which is
a function of temperature [18]. By extrapolating themthe most covalent among the sphalerite-like structures
to the point of than-t transition, we can estimate the having heterogeneous interatomic bonds.

values fort-ZrO, asCy1 =340, Cz3=325,C1, =33, These results allow us to accomplish and self-
andC;3 =160 GPa. They markedly differ from the cu- consistently arrange the information on the polariza-
bic ones. Let us examine the origin of this difference.tion properties for the series of the sphalerite-like com-
In the cubic phase, th€ik (i, k=1, 2, 3) elastic con- pounds ranging (with increasing covalency of bond-
stants consist of the first terms in the right-hand side ofng) from 1-VII to IV-IV ones. This explains why,
Equation 4 only. Due to the-t distortion, the crystal in this series, the dynamic charg@gs is positive and
geometry changes slightly. Consequently, there woulanonotonically increases from1.12e (for CuCl) up

be no a considerable difference between the “instantto +2.7e (for SiC), whereas the piezoelectric con-
elastic response of thdattice and that of the-lattice. ~ stante,; first increases from+0.16 C/n? (CuCl) to

In other words, it can be accepted that +0.64 C/n? (ZnO) and then monotonically decreases
down to—0.35 C/nt (SiC). This series includes the in-
Cﬁ((tetr) ~ Cix(cub) (18) formation on the extremely ionic (I-VII) and the ex-

tremely covalent (IV-1V) members of the sphalerite

(the model calculations [10, 11] lead to the same issuejamily- SO it can be extrapolated to those compounds
Therefore, the changes of elastic properties due to th¥hich occupy the intermediate positions and whose
ct distortion, namely, the decrease of the diagonaPTOPerties remain unknown.

valuesCy; and Csz, and a huge splitting of the non- _ The joint a_nalysis of structqral, _elastic and vibra-
diagonal one<C;» and Ci3 (see above) must be at- tional properties of tetragonal zirconia reveals a contra-

tributed to the appearance of the totally symmeit diction between the parameters of structural relaxation,

modein thet-lattice, which gives rise to the relaxation thec-t variation of the elastic constants, and a position

terms in Equation 4. According to relations (17), these®! the Aig mode near 600 crt. The above considera-

terms would diminish the tetragonal elastic constanfionslocalize thismode below 300 cth Insuch acase,

Cu1, Cas, Cip, and increase€ss, thus accounting for itappears that the reliable interpretation of the Raman-
the effects in question. active lines int-zirconia remains an open question.

In jointly considering the measured magnitudes of
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