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Low-frequency elastic properties of the incommensurate ferroelastifN(CH3),],CuCl,
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The low-frequency elastic properties of incommensurate ferroelastic crifd{@sis),],CuCl, are studied in
the vicinity of the incommensurate phase transitions using parallel-plate-stress and three-point-bending meth-
ods. The temperature dependences of the effective elastic congtalative Young’s modulysalong all
principal crystal directions and the shear elastic compliéBige 1/C55 were obtained. Similarly to the elastic
properties at ultrasonic frequenci€s0 MHz), the elastic anomalies at low frequencigs Hz) near the
paraelastic-incommensurate transiti@n T;) are well explained in the framework of the plane-wave approxi-
mation. In the transition region from the incommensurate to the commensurate improper ferroelastic phase we
apply soliton theory. From the experimental data it follows that the anomalous beha8gy éar the phase
transition from incommensurate to commensurate improper ferroelastic phase has the same features as the
dielectric constant in the vicinity of incommensurate-commensurate improper ferroelectric phase transition,
including the Curie-Weiss-type anomaly f&s(T) near T, thermal hysteresis phenomena, and similar
changes in the character of the anomaly under applied static stye¥he last results are explained within the
framework of soliton theory proposed by Holakovsky and DvdiakPhys. C21, 5449(1988)].

I. INTRODUCTION The theories mentioned above can be easily transformed
into the case of improper incommensurate ferroelastics. In
The behavior of dielectric susceptibility near the phase analogy one can expect that the anomalous behavior of some
transition from the incommensuratkC) to the commensu- components of the elastic compliangg near the 1C-C im-
rate (C) improper ferroelectric phas@t T=T,) is usually  proper ferroelastic phase transition will possess the same fea-
described by a Curie-Weiss-type anomaly. The origin of thigures as the dielectric susceptibiligyin the vicinity of the
anomaly is connected with the multisoliton lattice which IC-C improper ferroelectric phase transition. This includes a
usually exists in the IC phase. NeB¢ as a matter of fact the Curie-Weiss-type anomaly fdg;(T) nearT., thermal hys-
multisoliton lattice may be represented as a periodic seteresis phenomena, and a similar change in the character of
qguence of nearly commensurate regidgsasidomainswith  the anomaly under applied static component of stress. In the
an opposite orientation of polarizatiorP, separated by dis- present paper we report original experimental results of a
commensurationgdomain wall$ where the phase of the IC low-frequency(1-15 H2 elastic study of the improper in-
modulation wave changes rapidiy.Under an applied elec- commensurate ferroelastics tetramethylammonium tetrachlo-
tric field the walls shift along the modulation axis, extendingrocuprate[N(CHy),],CuCl, (TMATC-Cu) in the region of
the region of the preferred polarization at the expense of thphase transitions into the IC phase. This crystals belong to
opposite polarizatiod.The displacements of the walls be- the large group of\,BX, compounds with g8-K,SO,-type
come remarkable especially in the region of the IC-C phasstructure in the high-temperature paraela@®cphase, space
transitions, i.e., the distancg between walls diverges loga- group Pmcn (D 3f). On cooling they undergo successive
rithmically at T, and the walls interact no longer. In other phase transitions into the IC phaseTat=298 K and to the
words the discommensurations can move freely in an oscilmonoclinic improper ferroelastic C phadespace group
lating electric field and consequently the dielectric susceptiP12,/c1 (C3,)] at T,=292 K? The static displacement be-
bility x diverges atT.. The pinning of phase solitons by low T; corresponds to the condensed soft mode at wave vec-
defects causes the observed global thermal hysteresis efféor ko= (27/c)(1/3— ), where$§=0.007 and is independent
which is clearly seen in the vicinity of the IC-C phase on temperature. On further cooling, another monoclinic
transition? According to earlier theori@$ the Curie-Weiss- proper ferroelastic phagspace groug?112/m (C3,)] ap-
type behavior for dielectric properties should persist in arpears belowl ;=263 K. Ultrasonic studies showed an addi-
applied static electric fieldEg with the only difference that tional phase transition at,=127 K but the symmetry of the
the anomaly becomes sharper and shifts to higher temperéw-temperature phase is still unkno#hPhase transitions
tures. This, however, has not been confirmed experimentallyn TMATC-Cu crystals have been studied by various experi-
Even in a zero static fielgy does not diverge but attains only mental techniques: neutron diffractidriRaman scattering,
a maximum which then shifts under applied field to higherdilatometric, and heat-capacity measureméhtdielectric
temperatures and gradually decreds@his result was ex- and ultrasonic measuremen?s>=1¢ optical birefringence
plained later by Holakovsky and DvordKTheir theory was and optical-microscope observations of the domain
based on the assumption that domain walls in an appliedtructuret®*2'41% particularly, ultrasonic measuremekits
static fieldE; and measuring components fiedf can only  have revealed a remarkable change of the shear elastic con-
oscillate around their equilibrium positions corresponding tostantCss (Fig. 1) in the vicinity of the IC-C phase transition.
E, without any change of the total period of IC modulation. The elastic constar@s5 shows a clear change in slopeTat
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possible to determine the desired elastic constant. Since the

FIG. 1. Variation of the elastic consta@ts in the region of the .
absolute accuracy of such measurements is usually not better
than 20% the corresponding results are presented in a rela-

phase transitions of TMATC-Cu crystalRef. 13.
tive form. The relative accuracy in the last case was about

then decreases rapidly and tends to vanish towards the IC-&%. Elastic measurements have been performed at cooling
phase transition. Unfortunately these measurements were n@@d heating runs with a rate of temperature change of 0.15—

performed in the region of the C phase due to the stroné)-6 K/min.

attenuation of the ultrasound waves. Thus the total picture of

the elastic behavior around the IC-C phase transition has not

been ascertained. This problem is solved firstly in the present

work. This aim was achieved using low-frequency dynamical || ExPERIMENTAL RESULTS AND DISCUSSION
mechanical analysi®©MA) methods for the elastic measure-
ments. Simultaneously we present also some results of ultra-
sonic measurements for comparisor) with the fesults of 5DMA Unfortunately, the dynamical PPS and TPB methods do
measurements. In contrast to previous considerafidns® . provide the possibility for elastic measurements without
the obtained results are explained within the framework of, biasing stressy. o is proportional to the applied constant

load Pg. For a reason of sample stability in the measuring

A. Elastic properties at low biasing stress

plane-wave and soliton models.
cell the static componer® of the total loadP= P+ 6P
Il. EXPERIMENTAL (Fig. 2) should not be less than the ac componéht i.e.,
the condition6P<Pg must be satisfied. However the value

The TMATC-Cu crystals were grown by slow evaporation . .
y 9 y P of 6P may chosen to be small, so that we can easily satisfy
the condition of the biasing stress to be almost zero. This

at 300 K from an aqueous solution containing a stoichio
metric molar ratio of NCH;),Cl and CuC}. The crystallo- - ) ;
graphic axis were deter?’rﬁned by th% x-ray ci/iffraction:po'm is very important for the further explanation of our
2=9039 A b=15.155 A c=12.127 A in accordance with results within the framework of the present theories. The
Ref. 14. Ult,rasonic studiés have been done by the pulse-ecfiﬂﬂuer.‘ce of the 'applied_ biasing stress on the elastic anoma-
overlap techniqué’ The longitudinal acoustic waves were "> will be considered in Sec. Il C.
excited by a LINDQ piezoelectric transducer at the fre- The temperature dependences of the real parts of the rela-
quency of 10 MHz. tive effective elastic constants;=C'/C}, (f=5 Hz) along
The low-frequency elastic measurements were performefl!! Principal crystallographic directions for TMATC-Cu crys-
by the parallel-plate-stres€PPS and three-point-bending tals, obtained by the PPS metho_d, are prgsented in Fig. 3. In
(TPB) methods using a dynamical mechanical analyzefhat case the changes of effective elastic const@yitsare
DMA-7, Perkin-Elmer. The sample geometries for both associated with the temperature behavior of Young’s modu-
methods are presented in Fig. 2. The relations between tHES Y(8)=1/Sy;, Y(b)=1/S,, and Y(c)=1/Sy respec-
effective spring constart measured by DMA-7 and Young's tively, (C;/=Y/Y,), where the elastic compliancie®; can
modulusY are determined &% be expressed through the elastic constant as follows:
2C:12023013_ CiSCZZ_ C%2C33

k=Y(qg)4b h>3 1+3 (h)z MG }1 TPB method
= = == = . metho
(@4p{ ) |17 21T) Gpa) * USy=Curt ColCor—C2 ’
(1) 22%~33 23
v 2 2C1C28C13~ C1sCas— C3Cu
k=Y(q) h (PPS methogd (2 1/S,y=Coppt > 3)
C11C33_ ClB ,
where the geometrical parameters of the sarbple, L, and
S are given in Fig. 2,Y(q) is Young's modulus in they 2C1,CpsC1a— C2Cop— C2.Cry
13 23
WOt T Gt

direction, andG(pq) is the shear modulus. Thus using both
methods and combining different measuring geometries, it is
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FIG. 3. Temperature dependence of the real part of effective

elastic constantsC; measured by the PPS method. The load I .
= - L ST FIG. 4. Temperature dependence of the longitudinal elastic con-
P=P4+ 6P is parallel to the principal crystallographic directions. . . N
, = S S stantsC;; (i=1—3) (ultrasonic measurements [ indicates cool-
C, corresponds tof =302 K. 0O indicates cooling;A indicates . "~/ ~.I". .
ing; A indicates heating.

heating.

3 6
For comparison, the dependenc€d,(T), C,(T), and F=> aU,Q. Q! +} > b;U?Q, Qt
Cj(T), obtained from ultrasonic measurements=10 =1 ot 2= o
MHz), are presented in Fig. 4. Both methods show practi- 3 1
cally, the same results in the vicinity of the P-IC phase tran- + bi:U:U. * 4 f.Ue(Q*2Q . o +C.C),
sitions atT; . The most appreciable softening occurs here in i%l o JQkoQko 3° S(Qko Qer -2k :
the elastic constan€}; which is in good agreement with :
previous acoustical measuremetfts? From the presented @

data it follows that the main contributions to the changes of . .
. _ ) where Q¢+ _ . is the fluctuation component of the second
the effective elastic constants/(i) at T=T,; are caused 0

preferably by the first terms of Eq3). The anomalous harmonic of the modulation, _created by the deformation
. , components. Generally speaking, the coupling part of free

changes of elastic constarit§, andC;; near the IC-C phase energy (4) corresponds to the case of the plane-wave ap-

transitions are clearly observed only for a frequency of 5 Hz, o imation. Using the normal coordinates of the soft mode

(Fig. 3. In contrast to ultrasonic measureméhtwe have (amplitudon and phasol it is possible to express the

not revealed any anomalies in the imaginary parts for a'l:hanges of the reabC/, and the imaginanAC/, parts of

elrz]';\stic constants at 5 Hz in the transition regions into the 'Q:omplex elastic constants in the IC phase A&

phase.

The anomalous behavior of the elastic constaljtéa), L 2 22, 2 2 2 L

C/(b), andC/(c) near the P-IC-C phase transition can be ACi; =i Qo287 Qqf walko)[1+ Q7 7a(ko) ], '_1_:(35’3)

explained within the phenomenological theory by including

terms in the free energy which represent the interaction of

the deformation componeht; with the order parameter. As  ACj =2a7Q5Q 7a(ko)/ wa(Ko)[ 1+ Q?72(Ko)], i=1-3,
usually it is convenient to use as order parameter the normal (6)
phonon coordinat®), which in the present case belongs to

the irreducible representatidiy, of the space-group symme- ACj,= b44Q?,; AC},=0, 7

try of the high-temperature P phase. According to Rehwald
and Vonlanthetf the coupling part of the free-energy density

may be presented in the following form: ACg=heeQf; ACE=0, ®
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whereQ3=A(T;—T)/B is the equilibrium value of the order
parameter amplitude) is the frequency of the dynamical
stress,w 4(0) =2A(T;—T)+hqg® and w?(q)=hg? are the
amplitudon and phason frequency, respectivelyand,, are

AC/;=b;;Q5—22;3;Q}/ wi(ko)[1+ Q2 7A(Ko) ], 118
AC{;=2a;2,Q50 ra(Ko)/ w3 (Ko)[ 1+ Q?7A(Ko) ], sk N
Lj=1-3 i#j (9 2 o651
0.7
e S |] [001}
f2Qs 1 g r :
ACL.=bsQ2— % o055 -P | [010}
55 55%0 2 wi(k)[l‘FQZTi(k)] Bye 0.55 : el
1 } 0.41 . -P[[100]
+ , 10
w5 (K[1+0275(K)] (10 .
acy- [ __m ] ,.
¥ 2 |0A(W[1+0%R(K)] g 0%
Q7,(K) } K
7 72 : (12) © \
w2(K[1+0272(k)] ooy Bl ]
E 11 SHz
'Qo w
iy 0.94

the corresponding relaxation timéss 27/c— 3ko=2md/c. w081 Pj0ot), ajo10)
As it follows from Eg. (5), the Cy;, C5,, and Cj3; elastic g oo
constants undergo a steplike decreasd;atAC/~a?/B) £ 0041
caused by the amplitudon mode. Comparison with experi- % oc2f
x

'
T

ment(Figs. 3 and #shows that the coupling coefficierds o
anda, are negligibly small. Therefore onig;; and conse- 288 2% 202 294 296 298 300 302
quentlyC/(c) both reveal a remarkable decrease just below T
T, . According to(6) the anomalies in the imaginary part at
PPS measurements should be smaller by nearly six orders of g 5. Measured temperature dependences of the reaCpart
magnitude than in the ultrasonic experiments. That probablyng imaginary par€/tgs of the complex effective elastic constant
explains the absence of anomalies in the imaginary parts fQon heating for different sample geometries in the TPB method.
all elastic constants at low frequencies. C}, corresponds td =302 K.

Let us now consider the results, which have been obtained
using the TPB method. For different measuring geometries
and temperature runs they are presented in Figs. 5 and 6. The
components of Young’s modulug(q) and shear modulus
G(pQq), which contribute to the effective spring constakts

C

as an increase of the corresponding imaginary parts hear

[see Eq.(1)] for different experimental geometries are pre- is caus*ed by, a Qire”ct contribution of the complex elast!c con-
sented in the Table I. From the experimental data it followsStantCss= CsstiCss. However, the anomalous behavior of
that near the P-IC phase transition only the effective modulfhe complex elastic consta@k; in the vicinity of T, cannot
C/=C'/C{, which containY(c)=S34, show the large be explained only by Eq¢10) and(11). Concerning the real
changes. At the same time, a remarkable gradual decreasefrt of Cs, such clear softening o€ near T, does not
C, near the IC-C phase transition takes place only for thdollow from Eq. (10). Note that the phason frequency
effective modulus which contains the contribution of the @ 5(k)=h(c* 8)* (§=0.007 according to neutron-scattering
shear modulu§(pq) = Css=1/Sss. In the latter case the es- measurementSshould be constant in the whole temperature
sential decrease in the real part is accompanied by a cle&ange of the IC phase. Sineg(k) and 7,(k) are usually of
increase of the imaginary paf’=C/tgé nearT,. The the order of 10°-10 ** s?***any anomalous changes near
change of temperature run is accompanied by the global hyd- at low frequencie$) should not be observed in the imagi-
teresis effect around the IC-C phase transitieee Fig. 6. It nary partCzs. Even in case of unusual large relaxation time
should be noted that thermal hysteresis do not depend dag. (11) predicts a strong variation afCg; with frequency
temperature variation rate in the range 0.15-0.6 K/min. Thén contradiction to the experimental resulsee Fig. 7. A
values of the elastic anomalies for the real and imaginarpossible explanation for the appearance of this frequency-
parts of the effective elastic constantTatdo not depend on independent loss anomaly would be the presence of a broad
frequency(Fig. 7) in the range of 5-15 Hz. distribution of relaxation times with very low-frequency con-
Summing up the obtained results we can conclude alreadlyibutions. In this case the operating frequency ratgel5
that a clear anomalous softening of the elastic constantslz) would be much too small to probe such a dispersion. To
C,/(Plia,qiic), C/(Plic,qlla), andC, (PI[210],qlic) as well be more specific the unusual temperature behavi@:gfin
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FIG. 6. Measured temperature dependences of the relative real T

partC; and imaginary par€,tgé of the complex effective elastic
constanC; (Plla,qgllc) in the TPB method at heatir(@) and cool-
ing (OJ) runs.C} corresponds t@ =302 K.

FIG. 7. Measured temperature dependences of the relative real
partC/ and imaginary par€,tgs of the complex effective elastic
constanC; (Plic,glla) (on heatingg measured for different frequen-
cies in the TPB methodC;, corresponds td =302 K.

the region ofT. may be explained at least in two ways. The

first one is based on the soliton model; defects and impurities .

hamper the free motion of soliton under oscillating measurf-19S- 3, 6, and 7. The temperature dependences of the rela-
ing stresséP and as a result the corresponding oscillatingtiVe €lastic complianceSss=Sgo/Sss, recalculated in that
process is accompanied by losses. The second one folloWéy: aré preosented in Fig. 8 for cooling and heating runs. As
from the coexistence of IC and C structure né’@r,z“ the usual, _theS55 value corresponds t6=302 K. It follows
energy losses appear on the inhomogeneous structure HEOM Fig. 8 that the temperature behavior 8¢5 near T,
tween coexisting phase regions. Both models need furthéfiSPlays the same peculiarities as the temperature depen-
special theoretical considerations. It should be noted that exdénce of the dielectric constant in the region of the IC im-
isting soliton theories for IC ferroelectric crystals concernProPer ferroelectric phase transition. That is:

only the anomalous behavior in the real part of the dielectric

susceptibility. We will apply one of those theofider the 14
explanation of anomalies in the real part of elastic constants
near the IC-C ferroelastic phase transition. 121
Z 10]
B. Anomalous behavior of the elastic complianc&sg near T, é
. . . =8
Using Eg.(1), the elastic complianc&ss=1/Cs5 can be o
easily obtained from the experimental data, presented in «f (|
1
-zn'&,‘
TABLE I. The components of Young’s modul¥§q) and shear 4
modulusG(pq) for different geometry of measurements in the TPB
method[see Eq.(1)]. 28
Sample geometry Y(q) G(pQq) 0
PI[010], ql[001] S35 Sid
PI[210], qlif001] Sas (Sys/5+4Ss4/5) 1
PI[100], ql[001] S3d Sed FIG. 8. Temperature dependences of the relative elastic compli-
PI[001], ql[010] Sy St anceSks= S5/ S (SXs corresponds td =302 K) calculated from
PI[001], ql[100] Sit S the experimental data presented in Figs. 3 and&.indicates heat-

ing; O indicates cooling.
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¢ matically presented in Fig. 10. This soliton structure consists

of a sequence of almost C regions separated by discommen-
surations(domain wall3. Such a multisoliton state can be
defined by the following expression for the difference be-
tween the free-energy densities of IC and C ph&ses:

FIG. 9. log-log plot of the reciprocal elastic complianceT+g .
in the IC phase of TMATC-Cu crystalSti=1).

(i) On heating the dependence ®f5(T) is sharp below
T. and gradual abov&, while on cooling the temperature
changesSi; are gradual for both sides around the IC-C fer-
roelastic phase transition;

(ii) the change of the temperature run is accompanied by a

clear thermal hysteresis negg; oo _ wheret=a(T—T,), a>0, z, is the distance between walls,
(iii) the temperature behavior dBss in the region  jnqyy is the domain-wall widthFig. 10. This equation is
Te+0.2-Tc+25 K follows a Curie-Weiss law i only for a well developed domainlike structure, that is
[Sss—Sss~(T—Tc) 7] with a critical exponenty=0.97  ho conditionw/z,<1 should be satisfied. Under applied
+0.02 (Fig. 9)', " stressos=05¢+ d05 (055 and do are the static and oscillat-
Let us consider the last result within the framework of theing parts, respectivelythe widthz, of domains withUg(+)
soliton model, proposed earlier by Holakovsky and DvBrak enlarges, while the widtlz_ with Ug(—) shrinks (Fig. 10.
for the explanation of dielectric anomalies in the vicinity of z,+2_ =2z, corresponds to a new period of IC phase under
the phase transitions from IC to the C improper ferroelectrig,, applied stresss. Following Holakovsky and Dvordkwe
phase. We are reproducing here only the general points of the.c | e that, is a function of the static stress, only and
above theory adding some corrections due to the improp&jses not depend on the oscillating part of the sst®§sThis
ferroelastic nature of IC-C phase transition. In other wordsy,aans that we consider a so-called “clamped” compliance at
we will consider the anomalous behavior of the elastic comstant 2,(0s), i€, (92, 1d0s), = —(9z_1dcs), . The
plianceSg5 near the IC-C improper ferroelastic phase transi-d f i fsth tem due t Od. Ot' hift
tion of TMATC-Cu crystals using the complete analogy be-. elormation of the system due 1o discommensuration Shifts
tween IC ferroelectrics and ferroelastics. Following IS
Ishibash?® the spatial modulation of the order paramefer
as well as the shear component of spontaneous deformation
Ug in the IC phase may be written in terms of a Fourier
expansion:

1
f=fi—fo=[~btrdbexp—z/w)], (14

U50:U50(Z+_Z_)/(Z++Z_):U50(1_Z_ /Zo), (15)

where U is the spontaneous deformation within a single
domain. In presence of an external stragshe energy of the

_ i(6n+ 1)koz —i(6n-1)kgz
Q(Z)_nzo Aen+1© 0 +r§1 Apn-1© o system has the form

(12
f(og)=(z.+z_) Y —2bt+4b exp(—z, /w)

U5(z)=n§:‘,o den+ 3 SiN(6n+3)kez, (13 +4b exp(—z_ Iw)]+2Usposz_ /(z4 +2_).

where ag,. 1, 8gn_1, and dg,, 5 are the amplitude of the (16
corresponding harmonics. Just beld@wonly the main har-
monicsa,; andd; are important. As the temperature becomesThe stress dependence of andz_ follows from equilib-

lower, the higher harmonics grow up leading to the appearrium conditionsdf(og)/dz. =0, which leads to two tran-
ance of a domainlikésoliton) structure. The latter is sche- scendental equations
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exp(—z_/w)=exp—z, /w)+ o5, 17

5 Hz plcala

exp(—z, Iw)(z, Iw+1)+[exp(—z, /w)+ o5]

X{1—In[exp(—z, Iw)+os]}=a(T—T,)/2, (18

where in analogy to Ref. 8 we have introduced the dimen- 1_-Lj OOE;
sionless quantityos=(Usgw/2b)os. Using the condition & . ’
(924 19075),,= —(9z_1d0s),, and Eqs(15) and(17) we ob- § 081 Te
tain the expression for the elastic compliarg near the & T T ; t, - -
IC-C phase transition: &S 067 E T T T T
v T LA S
o [9Us ~ .. 04 77 L T
ASss=Sg5~ S=( 52| =NSss, S g 3
995/ 4, 0s H ]
‘288 200 292 294 206 208 300 302
1 (19) TK
N=(z,+z_)"%
. UZw? 1 FIG. 11. Temperature dependences of the real Garbf the
S b [exp(—z_/w)+exp—z,/w)] relative complex effective elastic consta®f (Plic,qlla) (on heat-

ing) measured for different static loadP{ic) in the TPB method.

where N is the number of periods per unit length of the C| corresponds toT=302 K. Sample dimensionsd=5 mm,
crystal and Sg5 is the compliance for the period of b=1.75 mm,h=0.78 mm.
2zp=z,+z_. Opposite temperature dependencedN¢T)
and SS_S(T) nearT, explain a maximum in the temperature [T (o) =T.(0)+ (UsWosd/ab)In(2b/wUsyos) (see Ref.
behavior ofSgs. For thg extremely low values of static stress 8)] in good qualitative agreement with experimental results
(05s—0) the condition z_=z,=z, takes place and gpoye. Thus we may conclude that the real behavior of
exp(zo/w) =4(zo/w+1)/a(T—T). In this case the elastic s _(T) nearT, in the presence of a static stress, corre-
complianceSss diverges atT. according to a Curie-Weiss gponds to the case of “clamped” compliance. In other words
law: the obtained results confirm the point of view that domain

walls nearT, do not move over macroscopic distances. In
_ (200  addition none of the walls escape or is created inside the
b zo  AT-Ty) crystal. They can oscillate only around their equilibrium po-
sitions corresponding t@s.. In this sense the anomalous
behavior of the shear elastic compliarteg near the IC im-

UZW? (zo/w+1) 1

A 855:

An analogous conclusion follows also from other
theories>® but only for the case without an applied static
stress components;.

C. Influence of static stress on theSz5(T) anomaly near T,

The relative temperature changes of real part of effective
complex elastic constai@; (Plic,qlla), obtained by the TPB
method, are shown in Fig. 11 for different values of static 141
load P. The experimental geometry corresponds to the com- 1444
ponent of static stressss, which is proportional td°. From
experimental data it follows that nedr, the anomalous
changes in the real part of the above-mentioned effective
elastic constant gradually decrease with increasing of staticz 971717111
load, while the thermal hysteresia{.) does not change.
Those peculiarities persist also for the temperature depen-
dences of the relative elastic compliar8k; (Fig. 12 cal-
culated from experimental dat&ig. 11). The maximum of
St decreases and shifts to the high-temperature region un-
der applied static load. This results can be easily understood 4
in the framework of the soliton theory, presented above. Un- “ 311 02
der an applied static stress,, z, becomes infinite af ] - . : 01
(05¢), while z_ remains finite as follows from E¢17). Con- 1 , : i ) - 0.05
sequently Sg; [see Eq. (19)] is finite at T=T(oss) 288 290 202 294 296 208 300 302
[Ss5(Te) =2Usgw/ o54], and sinceN decreases with decreas- TK
ing of temperaturéN—O if T—T,), the elastic compliance

s reaches a maximum and then goes to a background value FIG. 12. Temperature dependences of the relative elastic com-
Sgs. The maximum value o655 decreases with increasing plianceSgs (on heating calculated from experimental datiig. 11)
055(ASs5~1los) and shifts to higher temperatures for different static load applied along tleeaxis in the TPB method.
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proper ferroelastic phase transition under applied static stresgiomalySss(T) near the IC-C transition gradually decreases
056 IS quite similar to the behavior of the dielectric suscep-and shifts to higher temperatures like the dielectric constant
tibility in the region of IC improper ferroelectric phase tran- in IC ferroelectrics under an applied biasing electric field.
sition in a biasing electric fiel&E applied parallel to spon- The last results find their explanation in the framework of
taneous polarizatiohlt must be noted, that both elastic and soliton theory proposed by Holakovsky and Dvdtatitially
dielectric properties in corresponding cases dgt#0 and  for the IC improper ferroelectrics and transformed in our
E,#0 cannot be explained by other soliton-type theories prowork to the case of IC improper ferroelastics. The obtained

posed earlier, e.g., by Hudaknd Prelovsek. results confirm the conclusion that the behaviorSgi(T)
nearT, in applied static stresssg corresponds to the case of
IV. CONCLUSION a “clamped” elastic compliance. This implies that the dis-

) ) commensurationsdomain wallg can oscillate only around

Using the PPS and TPB methods we have studied thghejr equilibrium positions corresponding te, while the
low-frequency elastic properties of the IC ferroelastic crystakotal number of discommensurations is not changed in the
TMATC-Cu in the region of the successive phase transitiongyresence of an oscillating stresss.
into the I_C phase. Similarly to _elast|c properties at ultrasonic  However, there are still some open questions. Particularly,
fr_equenmes{lo MHz), the elastic anoma_1|_|es at low frequen- the origin of the anomaly observed né&rin the imaginary
cies (5 Hz) near the P-IC phase transitidat T;) are well 41t of the complex effective elastic constagit(Plic,glla)
explained within the framework of plane-wave approxima-ig ynclear. The latter is independent of frequency which can-

tion considering the'interaction between strain component,,; pe explained by frequently used relaxation-type mecha-
and soft mode(amplitudon. On the other hand the low- nismgs with a single relaxation time. The solution of this

frequency elastic properties in the region of IC-C improperyohiem would probably be found by a theoretical consider-

ferroelastic transitioriat Tc) can only be explained in terms 4ijon in the framework of a soliton model or a model with

of a soliton t.heory. The present work gives a complete PiCtoexisting phases.
ture concerning the temperature behavior of the shear elastic

complianceSs5; around both IC phase transitions. We have
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