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The change from a "dipole" to an "Ising" type of behavior of the uniaxial ferroelectric TSCC 
crystal near TC is investigated both in the paraphase and in the ferroelectric phase. This specific 
crossover manifests itself in an appearance of a jumplike anomaly of the velocity of longitudinal 
sound waves propagating along the polar axis, and in the appearance of a new type of relaxational 
maximum of damping for these sound waves. In the paraelectric phase, the crossover manifests 
itself in a transition from a logarithmic to a power-law dependence in the behavior of the fluctua- 
tional corrections to the longitudinal sound-wave velocities. The presence of the crossover is 
attributed to the anomalously small effective charge of the soft mode. A phenomenological theory 
of a weakly polar ferroelectric of the displacement type is developed and is used to explain the 
unusual properties of the TSCC. 

I. INTRODUCTION 

The long-familiar1 ferroelectric phase transition in 
TSCC-(CH3N.HCH2COOH)3CaC12 crystals has recently 
attracted many researchers. The unusual behavior of TSCC 
crystals became obvious after a pronounced soft mode of the 
Raman-scattering spectra was observed in the ferroelectric 
phase.2 This result points to a displacement phase transition 
and does not agree with the previously held notion3 that the 
transition is of the order-disorder type. Recent investiga- 
tions of the absorption spectra in the far IR yielded new 
evidence in favor of a ferroelectric phase transition of the 
displacement type without change of the unit-cell v o l ~ m e . ~  

The soft mode in TSCC is weakly polar: the LO and TO 
components of the soft mode soften in accordance with the 
same law and the splitting in the entire temperature interval 
investigated is < 0.5-1 cm-' (Ref. 5). The TSCC crystal can 
thus be regarded now as a unique uniaxial displacement fer- 
roelectric with a weakly polar soft mode. 

The dynamics of uniaxial ferroelectrics is known to 
have a number of specific features: macroscopic dipole-di- 
pole interaction leads to an anisotropic polarization-fluctu- 
ation spectrum, so that the influence of the fluctuations re- 
duces only to the appearance of logarithmic corrections to 
the temperature dependences of the thermonuclear quanti- 
ties6*' The depolarizing macroscopic field should also sup- 
press at Tc the velocity discontinuity of longitudinal sound 
waves propagating along the polar a x i ~ . ~ . ~  From this view- 
point, the behavior of the TSCC crystals was found to be 
anomalous. 

On one hand, recent observations revealed in these crys- 
tals logarithmic corrections to the behavior of the dielectric 
constant, lo the sound velocity," and apparently also the 
specific heat.I2 On the other hand, in the phase-transition 
region jumplike anomalies were discovered in the velocities 
of sound waves propagating both parallel and perpendicular 
to the polar axis. '' We have already discussed this contradic- 
tion in Ref. 11 and concluded that a previously unobserved 

situation is realized in TSCC, viz., the dipole-dipole interac- 
tion turns out to be quite weak and plays a significant role 
only in the vicinity of T c .  Away from this region, the usual 
"dipole" behavior of the crystal takes on an "Ising" charac- 
ter, which corresponds to nearly equal hardness in the longi- 
tudinal and transverse order-parameter  fluctuation^.^^ 

The dynamics of the order parameter in a weakly polar 
uniaxial ferroelectric was thus found to be quite unusual. 
The TSCC are the only example we know of compounds of 
this type. We have therefore undertaken a detailed investiga- 
tion of the acoustic anomalies near the phase transition in 
TSCC. Particular attention was paid to the manifestation of 
the specific crossover in the behavior of the velocity and the 
sound damping and in the behavior of the fluctuation correc- 
tions. 

2. CRYSTAL DATA, MEASUREMENT PROCEDURE 

TSCC crystals have D :: symmetry in the paraelectric 
phase with four formula units per unit cell.I4 Spontaneous 
polarization sets in below T, along the b axis of the para- 
phase, and the crystal becomes a uniaxial ferroelectric. The 
structure of the ferroelectric phase was not investigated in 
detail, but many results indicate preservation of orthorhom- 
bic syngony. The most probable space group for the ferroe- 
lectric phase is C z , ,  and the transition is not accompanied by 
a change of the unit cell. In this case B, is an active represen- 
tation that induces the phase transition. The behavior of the 
longitudinal acoustic phonons in the transition region is 
then determined by a coupling that is quadratic in the order 
parameter and linear in the strain. 

Different studies have yielded different values of the 
Curie temperature of TSCC, so an interval 127-132 K is 
frequently indicated for Tc .4 The discrepancy may be con- 
nected with the sample quality. The relations between the 
unit-cell parameters in the paraphase are such that the direc- 
tion a can be regarded as a pseudohexagonal axis. Grown 
crystals have indeed a pseudohexagonal faceting. The para- 
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electric phase is frequently also the ferroelectric phase.'5 No 
transition to a high-temperature hexagonal paraphase was 
observed, however, although the investigations were carried 
out right up to the crystal-decomposition temperature -- 500 
K. The hypothetical ferroelastic transition manifests itself in 
the fact that the grown crystals are usually subdivided into 
ferroelastic domains that can be easily seen in a polarization 
microscope. Our measurements were performed on single- 
domain samples (5 x 5 x 5 cm) cut from a large faceted crys- 
tal. The samples were oriented under a microscope: the a 
direction is the acute bisector of the angle between the opti- 
cal axes that lie in the ab plane. 

In the present study, the temperature behavior fo the 
acoustic phonons in TSCC was investigated by using Bril- 
louin scattering. The scattering spectra were excited with a 
single-mode Spectra-Physics argon laser, and the wave- 
lengths used were 0.5 1 and 0.48pm. To measure more accur- 
ately the Brillouin components and their half-widths, the 
interferometer free spectral range was set in the range 7-1 5 
KHz. As a result, the Brillouin components corresponding 
to scattering by longitudinal acoustic phonons in 180" geom- 
etry appeared in the second to fifth order spectra relative to 
the undisplaced component. The instrument sharpness was 
maintained at level 45. The instrumental broadening of the 
laser line did not exceed 160-200 MHz (depending on the 
free spectral range). In accordance with the assumed crystal 
orientation, the scattered-light spectra have the designations 
customarily usedfor this group ofcrystals, e.g., b ( c c ) ~  for the 
observation of scattering in a 180" geometry (the outer sym- 
bols denote the propagation directions of the incident and 
scattered light while the direction of the electric vector E is 
designated in the parentheses). 

The crystals being studied were placed in an optical 
cryostat in a stream of cold nitrogen vapor. The temperature 
was stable to within 0.1 K. The laser power incident on the 
crystal did not exceed 50 mW. Control measurement at re- 
duced power have shown that the crystal heating by the laser 
beam can be neglected. 

3. BEHAVIOR OF BRlLLOUlN COMPONENTS 

We investigated light scattering by longitudinal acous- 
tic phonons propagating along the a, b, and c directions in 
the crystal. The shift of the Brillouin components was deter- 
mined from spectra of three types: a(cc)E, b ( c c ) ~ ,  and c(aa)Z. 
When the TSCC crystals are cooled below 300 K the fre- 
quency shift of the Brillouin components changes linearly 
with temperature. Near - 200 K, however, a deviation from 
linearity is observed (Fig. 1). The temperature dependences 
of the corresponding elastic moduli are shown in Fig. 2. 
Lowering of the temperature further increases the deviation 
of the phonon frequency from the extrapolation of the linear 
region to the phase-transition region. The damping of the 
phonons in the approach to the transition is quite distinct, 
albeit small, for all three spectra. For phonons propagating 
along b and a, the frequencies at T Z  Tc differ from the val- 
ues expected in linear extrapolation by only 1.3%; the differ- 
ence is even smaller for the phonons along c. 

The temperature dependence of the anomalous part of 

FIG. 1. Temperature dependence of the Brillouin-component shift Av. 
The light scattering which was investigated was from longitudinal acous- 
tic phonons propagating along the polar axis b (I) ,  c (21, or a (3) .  

the sound velocity is close to logarithmic, a fact we attribut- 
ed to the characteristic form of the fluctuation corrections in 
a uniaxial ferroelectric (see Fig. 3 of Ref. 1 1). The true behav- 
ior of the anomalous contribution was found to be more 
complicated, as will be described in the next section. 

Measurement of the Brillouin-component shifts has 
made it possible to calculate the velocities of the longitudinal 
acoustic phonons and the corresponding elastic constants as 
functions of the temperature, using well-known formulas.16 
The birefringence in TSCC crystals is weak, and in the calcu- 
lations for all the spectra we used for the refractive index a 
single value, 1.558, measured with an AbbC refractometer at 
room temperature. The crystal density was taken from Ref. 
1. The temperature dependences of the refractive index and 
of the density were neglected. 

Let us consider in greater detail the difference in the 
behavior of sound waves propagating perpendicular to and 
along the polar axis. In the former case the jumps of the 
corresponding elastic constants c,, and c,, are quite abrupt 

FIG. 2. Temperature dependence of the elastic moduli c,, (a) and c,, (b) in 
the phase-transition region. Points-experimental values, through which 
the lines were drawn to emphasize the difference between the behavior of 
c,, and c,,. Dashed line-expected behavior of c,, and c,, in the paraphase 
in the absence of fluctuation corrections. 
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FIG. 3. Temperature dependence of the damping of the longitudinal 
acoustic phonons propagating perpendicular (a) and parallel (b) to the 
polar axis. The width 6v of the Brillouin components measured at half- 
maximum of the phonon line is shown; the instrumental broadening is 
subtracted. 

(see Fig. 2), the damping is markedly asymmetric about T,, 
as expected in the Landau-Khalatnikov approximation (Fig. 
3). In our experiments at hypersound frequencies (-30 
GHz) the discontinuity is spread out over an interval on the 
order of 0.7 K and the dispersion of the hypersound waves is 
less pronounced than, e.g., in TGS." Analysis of the disper- 
sion data yields for the relaxation time of the ordering in 
TSCC below T, a value T -  -44.8.10-12(T, - T)- '  S, lower 
by an order of magnitude than in TGS." On the whole, the 
behavior of the velocity and of the damping of sound waves 
propagating perpendicular to the polar axis agrees with that 
obtained for other ferroelectrics that have no piezoelectric 
properties in the paraelectric phase. 

In the second case, in contrast to uniaxial ferroelectrics, 
there is no suppression of the acoustic anomalies in longitu- 
dinal sound wave propagating along the polar axis. A jump- 
like change of c,, is observed near T, (Fig. 2), and the maxi- 
mum of the damping a, is shifted far into the ferroelectric 
phase (Fig. 3). This behavior of c,, and a, is even more sur- 
prising in view of the presence of logarithmic fluctuation 
corrections in the paraphase. 

4. ACOUSTIC ANOMALIES IN A WEAKLY POLAR 
FERROELECTRIC 

The experimentally observed unusual behavior of the 
velocity and damping of longitudinal sound propagating 
along the polar axis can be analyzed phenomenologically. In 
our earlier description" of the behavior of longitudinal 
sound waves with change of temperature we neglected the 
difference of the background dielectric constant E* from uni- 
ty and assumed that the transition in TSCC is very close to 
the tricritical point. We do not make these assumptions here. 
It will be shown below that a more detailed analysis, while 
not changing in principle the interpretation of the pheno- 
menon, will be quite important in the discussion of the quali- 
tative and quantitative aspects of the problem. 

We begin with a Landau expansion of the density of the 
thermodynamic potential F which is a minimum at a fixed 

electric field E defined so that 

where PP is the total dielectric polarization and Pa is the 
contribution made to it by the nonzero single-component 
order parameter: 

F='/,aPZ+ ' / , ~ P ~ f / , y P 6 + ' / 2 c , j U , U j +  ~ , P ' u ~ - P E  

- ( i / 8 ~ ) ~ ( i * - 1 ) ~ ,  (2) 

where Ui are the components of the strain tensor. Since we 
kept the induction D = E + 47rPP constant for the sound 
propagation, the equation of motion for P is 

wherep is the polarization viscosity and F is the thermody- 
namic potential which is a minimum at fixed D. Starting 
from (1) and (3) as well from elasticity theory and the Max- 
well equations, we obtain in the low-striction limit for the 
complex increment to the elastic modulus below Tc : 

where 

a-=a+3pP,'+5yPo4 for c,, and c,~, 

for C 2 2 .  

and the spontaneous polarization Po is determined from the 
equation 

For the moduli c, , and c,,, Eq. (4) takes the form 

At wrg 1 we obtain for the change of the sound velocity, as in 
Ref. 13, an inverse-square-root dependence that extends to 
the temperature 

T,=T,+n, where n=P2/4a'y, a'=da/dT 

The sound damping is described in this case by the Landau- 
Khalatnikov mechanism, but the strong temperature depen- 
dence of the first fraction in (4a) makes the low-temperature 
falloff of the maximum steeper than l/a-.  If the damping 
peak is narrow enough and hence close enough to T,, so that 
4afy  <P in the region of the maximum damping, the tem- 
perature dependence of the first fraction in (4a) can be ne- 
glected. From the width ATof the damping maximum, mea- 
sured at half its height, we can obtain the position of Tc 
relative to the temperature determined by the position of the 
maximum, as well as the polarization viscosity p: 
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The limit wrg  1 always holds for the modulus c,, under 
the conditions of our experiment. Indeed, the presence of the 
depolarizing field that accompanies the sound causes X-' 
not to vanish at T = Tc but to assume its minimum value 
4?r/&,,*, SO 07 cannot exceed 

where C is the high-temperature Curie-Weiss constant. In 
our experiments (wr),,, =. 1/30, so that the condition wrg  1 
is satisfied easily. Taking this into account, we get 

Po20  
I m A c, , - ------ ------ . 

(a- + 4nleZ2')  

Analysis of relations (6) and (7) yields the following expres- 
sions for the temperatures TR and TI at which the minimum 
velocity and maximum damping are reached for longitudi- 
nal waves: 

Tc-TR=T,,/4f (z ,n)  '", (8) 

where T,,=C/&*. 
Let us analyze our experimental data by using the equa- 

tions thus obtained. The second equation of (5) permits an 
estimate of the order-parameter relaxation time. Substitut- 
ing the experimental width AT of the damping maximum 
and puttingp/al = r- we get 7- =.4-10-'Z(Tc - T)-'  s, in 
good agreement with the estimate given above, obtained by 
another method. We note that this method of estimating r 
offers some advantage, since it obviates the need for exact 
measurement of the temperature Tc . We used the first equa- 
tion of (5) to monitor the position of Tc in our crystals in the 
analysis of the fluctuation contribution in the paraphase. 

The parameter n, which is a measure of the proximity of 
a phase transition to a tricritical point, was obtained directly 
from our experimental data, which are plotted (Fig. 4) in 
accordance with Eq. (4a). Our value n = 8.5 K agrees with 
the results of Ref. 13, where similar measurements at lower 
frequencies (-20 MHz) yielded n = 7.5 K. It must be noted 
that the values of n determined directly from an acoustic 
experiment noticeably exceed the values that can be calcu- 
lated from the coefficients a ' ,  0, and y obtained from dielec- 
tric measurements. In Ref. 18 are listed the values of these 
coefficients as obtained by different workers. Using them we 
obtain for n the values 2, 0.74, and 1.8 K. It is possible that 
the disparity in the values of n obtained by different methods 
is due to an inaccurate determination of y, which was mea- 
sured only in Ref. 19. 

Expressions (8) and (9) enabled us to determine from the 
experimental data (Figs. 2 and 3) the parameter T,, = 7 K. 
Several measurements of the background dielectric constant 
E* yielded the values 3 (Ref. 10) and 4.2 (Refs. 4 and 18). 
Substituting the known values of the Curie-Weiss constants 
determined in the same work, we obtain values of T,, that 
are in fair agreement with our result, viz., 7.6,9.1, and 6.25 

FIG. 4. Temperature dependences of (Ac,,)-2 (curve 1) and of (Ac,,)-' 
(curve 2), which characterize the proximity of the phase transition to the 
tricritical point. n = T, - T, = 8.5. 

K. The scatter of the values of C, noted in many papers, is 
apparently due to the fact that the considerable fluctuational 
corrections to E, obtained for a wide range of temperatures in 
Ref. 10, violate the Curie-Weiss law. 

The acoustic anomalies in TSCC at T <  Tc are thus 
consistently described by the Landau phenomenological 
theory. It is easily seen that all the features of the TSCC 
properties are governed mainly by the smallness of the pa- 
rameter T,, . This parameter determines both the tempera- 
ture scale spanned by the velocity discontinuity and the 
width of the relaxational maximum of the damping of sound 
propagating along the polar axis. For substances with nor- 
mal values of the Curie-Weiss constant, not an anomalously 
small one like TSCC, for example for TGS, we have 
T,, =. 300 K and the extended velocity discontinuity and 
damping maximum can be interpreted to mean that these 
anomalies are absent. TGS and TSCC have different phys- 
ical behavior because the former is subject to a substantial 
dipole-dipole interaction at all temperatures, whereas in the 
latter this interaction is substantial only in the immediate 
vicinity of TC at / Tc - T / 5 I Tc - T, 1, while farther from 
the transition it is negligible compared with the short-range 
interactions. Thus, in the case of TGS the macroscopic di- 
pole interaction has completely suppressed the sound-veloc- 
ity discontinuity and the relaxational damping maximum 
for sound propagating along the polar axis. In the case of 
TSCC this interaction only stretched out the discontinuity 
and delayed the appearance of the damping maximum until 
temperatures were reached at which it no longer played a 
decisive role. These acoustic properties of TSCC stem from 
the fact that in the dynamics of the order parameter a cross- 
over occurs from a dipole to an "Ising" type. In this sense T,, 
can be referred to as the crossover parameter. 

It is natural to expect this crossover to appear also in the 
fluctuation spectrum of the soft mode and to lead to a specif- 
ic temperature dependence of the fluctuational corrections. 
Thus, the fluctuational correction to the sound velocity 
should vary logarithmically far in the "dipole region" and 
follow a power law far in the "Ising region." 
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An expression for the fluctuational correction Ac, to 
the elastic modulus in the crossover region can be obtained if 
the anisotropy of the gradient term in the thermodynamic- 
potential density is neglected. At T> Tc we have 

where x is the coefficient of the gradient term in the Landau 
expansion. 

It is easily seen that Eq. (10) ensures correct asymptotic 
forms in the "dipole" (rg 1) and "Ising" (r)p 1) regimes. From 
our experimental data taken below Tc we have obtained a 
crossover parameter Tc, = 7 K and monitored with good 
accuracy the location of Tc . We can thus in fact match the 
theoretical equation (10) to our measurment results without 
adjusting parameters. It can be seen from Fig. 5 that at 
1 < T - Tc < 60 K the experimental points agree well with 
calculations in accordance with Eq. (10). At T - Tc < 1 K,  
however, the experimental points lie below the theoretical 
curves, which in our opinion is not surprising. Indeed, Eq. 
(10) is valid only at Ac, /Ac, ( 1. In our case, at T - T, =. lo, 
this ratio is of the order 0.3-0.4, so that in this region we are 
at the borderline of the applicability of Eq. (10). Since the 
next fluctuational correction should be of opposite sign, Eq. 
(10) is certainly an overestimate. Moreover, no account was 
taken in the derivation of (lo) of the frequency dispersion of 
the fluctuational correction. It is known that allowance for 
the dispersion also lowers the value of the c o r r e c t i ~ n . ~ ~  We 
call attention to the fact that in this temperature interval the 
fluctuational correction does not reach any of the asympto- 
tic regimes. This enabled us to observe the specific tempera- 
ture dependence of the fluctuational corrections precisely in 
the crossover region. 

We note that this behavior of all the acoustic properties 
of the TSCC is determined in the final analysis by the small- 
ness of the parameter Tcr . It will be shown in Sec. 5 that the 
physical cause of the smallness of T,, is that TSCC is weakly 
polar (the soft mode has a small effective charge). 

FIG. 5. Semilog plots of the anomalous parts Ac,, (1) and Ac,, (2) vs 
temperature in the paraelectric phase. Points--experimental values. The 
solid curves 1 and 2 were calculated from Eq. (10): 1' and 2'-asymptotes 
of the form Ac a lnr; 1" and 2"-asymptotes of the form Ac a T-'. The 
dashed lines that meet curves 1 and 2 show that reduced values of Ac are 
observed at T< t - T, = 2 K (see the text). 

5. ROLE OF BACKGROUND DIELECTRIC CONSTANT E' 

In conclusion we discuss the importance of taking 
E* - 1 into account when describing physical processes in 
which macroscopic dipole-dipole interaction plays a sub- 
stantial role. In the analysis of physical phenomena in ferro- 
electrics it is not customary to take into account the differ- 
ence between the background dielectric constant &* and 
unity, since this difference is small compared with the lattice 
contribution to E. In the case of TSCC, E Z E *  already in the 
immediate vicinity of the transition, and the importance of 
taking E* - 1 into account might seem obvious. We point 
out, however, that in all our equations E* entered as a factor 
and not as a term. This indicates that the energy of the mac- 
roscopic "dipole-dipole" interaction is inversely proportion- 
al to E * . ~ '  Therefore even in substances for which &*(&, in 
the entire temperature interval it may be important to take 
the difference between E* and 1 into account. For example, 
in the analysis of the angular dependence of sound damping 
in uniaxial ferroelectrics use is made of an expression for the 
total reciprocal susceptibility X -  ' as a function of the angle 
between the wave vector k and the polar axis. It is easy to 
show that when account is taken of the difference between E* 

and 1 this expression takes the form 

x-' (n) =Xo-t+4nn,2/ (n"E'n), n=k/ j k 1 .  (11) 

It can be seen from (1 1) that neglect of the difference 
between t* and 1 not only changes the strength of the angu- 
lar dependence of the damping by roughly a factor E* ,  but 
also yields a qualitatively incorrect form of this dependence 
even when the anisotropy of E* is not small. Failure to take 
E* - 1 into account explains the inconsistency of a recent 
attempt at a quantitative theoretical account of the angular 
dependence of sound in TGS," where to explain the experi- 
mental results the authors had to assume that the factor 4 a  
contained in (1 1) depends on the Lorentz factor (!). 

6. NATURE OF PHASE TRANSITION IN TSCC 

It follows from the preceding section that the unusual 
behavior of the acoustic properties of TSCC is due to the 
smallness of the parameter T,, compared with T c .  The 
physical cause is small macroscopic dipole-dipole interac- 
tion of the order-parameter fluctuations compared with the 
characteristic energies responsible for the phase transition in 
the crystal. In this case the Lorentz component of the dipole- 
dipole interaction, which should be of the same order as its 
macroscopic component, clearly cannot be the cause of the 
ferroelectric instability in TSCC. The instability in this crys- 
tal should therefore be of the same type as in structural non- 
ferroelectric phase transitions. This was deduced in Ref. 4 
from the smallness of the dielectric contribution of the soft 
mode. In view of the arguments above, the transition in 
TSCC should in our opinion be classified as pseudo-intrinsic 
ferroelectric. 

Whether the phase transition in TSCC is of the dis- 
placement type or of the order-disorder type has been debat- 
ed until recently.3p4 The main arguments favoring the order- 
disorder transitions are the low values of the Curie-Weiss 
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constant, C-50 K, and of the spontaneous polarization, 
Po = 0.27 ,uC/cm2 (at 77 K). Favoring the displacement 
transition is the presence of soft modes of the oscillator 
t ~ p e . ~ , ~  NOW, in light of the premise that the phase transition 
in TSCC is pseudo-intrinsic, the arguments in favor of the 
order-disorder transition become untenable, since a classifi- 
cation of transitions on the basis of the values of the Curie- 
Weiss constant and of the spontaneous polarization is valid 
only for truly intrinsic ferroelectric transitions. This fact can 
be easily traced within the framework of the simplest single- 
ion approach.2' Moreover, analysis of the values of C and Po 
and of the coefficients and y of the higher powers of the 
polarization in the thermodynamic potential expansion also 
indicates that the phase transition in TSCC is pseudo-intrin- 
sic ferroelectric of the displacement type. 

Indeed, let us compare the TSCC parameters with those 
of the most thoroughly investigated ferroelectric 
BaTi0,.",23 It can be seen from the table that they are very 
different. The difference, however, lies in the fact that we are 
dealing with two weakly anharmonic displacement ferro- 
electrics, but in one of them the effective charge of the soft 
mode is of the order of the electron charge e (BaTiO,), while 
in the other (TSCC) this charge is of order 10-2e. Indeed, as 
follows from the basic theory of displacement ferroelectrics 
(see, e.g., Ref. 21), the density of the thermodynamic poten- 
tial F in  a structural transition of the displacement type can 
be estimated as 

Quantity 

where gat =:e2/a4 and a are the characteristic density of the 
atomic energy and the interatomic distance, respectively; 
Tat =: gat a3/kB =: 10' K and { are the displacements corre- 
sponding to the order parameter. Rewriting the expansion in 
powers of the contribution made to the polarization by the 
displacements in the soft mode, P = Q{ /a3 (Q is the effective 
charge of the soft mode), we obtain 

Crystal -1 Units / Ratio 
TSCC I BaTlOi 

For ferroelectrics with normal effective soft-mode charge 
Q z e ,  expressions (13) yield the well-known estimates that 
hold, e.g., for BaTiO,. If, however, the soft-mode charge is 
anomalously small, QZ 1OP2e, the estimates obtained from 
(13) differ from the standard ones by lo', and 1012 for 
C, p, and y, respectively. It can be seen from the table that to 
within the accuracy of our analysis the differences between 
the BaTiO, and TSCC parameters agree with the theoretical 
estmate. 

Po 0,26 25 pC/cm2 lo-z  
1,7.105 

B 
'f 10" 

An interesting question, in our opinion, is whether the 
anomalous smallness of the effective soft-mode charge is due 
to an accidental conjunction of parameters or to some regu- 
lar law. It is not excluded that the weak behavior is due to the 
pseudohexagonal character of the paiaelectric phase, i.e., 
the effective charge of the soft mode is small to the extent 
that the pseudohexagonal distortions are weak. In this case 
the soft mode should turn out to be nonpolar in the hexagon- 
al paraphase. 

It can thus be concluded from the foregoing experimen- 
tal data that TSCC is a pseudo-intrinsic uniaxial displace- 
ment ferroelectric with an anomalously small effective 
charge of the soft mode. 

We have observed in our experiments rather apprecia- 
ble logarithmic corrections to the sound velocity at t > Tc.  
In our opinion this is also the result of the pseudo-intrinsic 
nature of the transition in the TSCC. Thus, it is well known 
that after subtraction of the long-range macroscopic contri- 
bution the dipole-dipole interaction decreases quite slowly 
with distance. This corresponds to an excessively wide range 
of validity of the Landau theory in intrinsic ferroelectrics2' 
and to exceedingly small fluctuation corrections. In our case 
of a pseudo-intrinsic ferroelectric, the transition is due to 
forces with a shorter range than the Lorentz component of 
the dipole-dipole interaction, so that we are justified in ex- 
pecting a narrowing of the region of applicability of the Lan- 
dau theory and large fluctuation corrections. 

7. CONCLUSION 

We have analyzed the acoustic anomalies near a phase 
transition in the uniaxial ferroelectric TSCC. Four expres- 
sions, (4a), (8), (9), and (10) were obtained to describe four 
independent experiments. The form of all these expressions 
is determined by only two parameters, n and T,, . Satisfac- 
tory agreement between theory and experiment is reached 
for n = 8.5 and T,, = 7 K.  Analysis of our experimental re- 
sults, as well as of the values of the coefficients in the expan- 
sion of the free energy in powers of the order parameters, as 
obtained by others,'' has allowed us to conclude that we are 
dealing with the previously unobserved case of a pseudo- 
intrinsic ferroelectric of the displacement type, with an 
anomalously small charge of the soft mode. The most pro- 
nounced feature in crystals of this type is the presence of a 
crossover from order dynamics of the dipole type to the Ising 
type. We have shown the crossover to exist both above and 
below Tc . The interpretation is based on the concept of a soft 
mode in a defect-free crystal. 

Defects seem to play a minimal role in the critical phe- 
nomena we have observed. This is supported by the fact that 
we have not observed near Tc the increase, typical of the 
defect contribution, of the rate of change of the critical con- 
tribution to a thermodynamic quantity, an increase ob- 
served, e.g., in TGS.24 The probable reason why no "defect" 
contribution was observed in our experiment near Tc is that 
this contribution (like the fluctuational one) should undergo 
dispersion, and it was found that at our frequencies the dis- 
persion sets in before the "defect" contribution becomes 
dominant. It is possible that a contribution from defects can 
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