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High-resolution Brillouin scattering studies of the antiferroelectric phase transition in CsBi{)dd@ave
been performed in the temperature range 360—150 K giving information about the temperature dependence of
the acoustic phonons propagating in f60], [010], and[001] directions as well as the lowest-frequency optic
soft phonon. These studies show that the soft phonon remains underdamped up to the transition point where its
frequency decreases to zero. Strong anomalies in sound velocity, attenuation, and intensity have been observed
for sound waves corresponding to the, ¢y, andcy, elastic constants. The coupling between the order
parameter and elastic strains is linear quadratic focthec,,, andc,, elastic constants. In case of tbg and
Css elastic constants the coupling is biquadratic, giving rise to a frequency decrease and increase, respectively,
of the corresponding acoustic modes beldw These results indicate that the phase transition is not purely
antiferroelectric, as suggested previously, but occurs most likely to a monoclinic (gmasesymmetryC,,)
which is simultaneously antiferroelectric and ferroelastic.
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[. INTRODUCTION third soft mode was observed at unusually low frequeii&y
cm ! at 150 K and was characterized by unusually low
CsBi(MoQy), belongs to the group of layered orthorhom- damping(less than 3 cm®).* It was not possible to study
bic crystals with the general formulm'M"(MY'O,),,  the temperature dependence of this mode above 270 K by
whereM'=K, Cs, M"'=Bi, Dy, Pr, Er, andM"'=Mo, W, using Raman spectrometry because its frequency was less
L L L 1 L L 1 1 71 .
which have been of considerable interest due to their richan 8 cm™ and the mode was obscured by strong Rayleigh
polymorphismt=5 In this group CsDy(Mo@), has been the scattering. Therefore, we decided to obtain this information
most extensively studied and a second-order phase transiti¢ly USing Fabry-Perot interferometry.

was discovered at 50 K followed by a first-order cooperative The 'pres?rz:t E"fuﬁr also rep_IE)rtts) the studiefsBo.f” acpustic
Jahn-Teller phase transition at 42'Kwo phase transitions properties of CsBi(Mog), nearT; by means of Brillouin

have also been found in CsBi(M@l): a second-order one spectroscopy. I.t W'". bE’T _shown that t_h's technique gives new
at 325-330 K and a first-order ferroelastic transition atlnforrpzﬁlonr\]/v hich significantly chontrlbutes LO an underst:nd-

. ing of the phase transition mechanism in this compound. We
around 125 K2®~8The second-order phase transition occur 9 P P

b lectri d i lectric ph d ab Swould also like to emphasize that the present paper is a rare
etween paraelectric and antiferroelectric phases and aboygamje of scattering studies showing the temperature de-

the Curie pointT the £33 component of the dielectric per- nengence of a soft mode at extremely low frequency. To the
mittivity follows the Curie-Weiss law with the Curie constant 5,inors knowledge the best known temperature-dependent
0.3x10° K.° The crystal structure of the paraelectric phasestydies of extremely low-frequency soft optical phonons con-
is the same as that of CsPr(Mgl@ and CsDy(MoQ),, i.e.,  cern chloranil and KCo,_,Fe(CN)g crystalst?* This pa-
D3,= Pccmuwith two molecules in the unit cefiThe crystal  per is also a rare example of Brillouin scattering studies of
structure belowT has not yet been determined but the re-para-antiferroelectric phase transition, especially in layered
ported studies suggest that it may also be orthorhombignaterials.
D8,=Pcca, with doubleda lattice parameter®—8 Our Ra-

man scattering studies supported the conclusion that the

phase transition is connected with a phonon condensation at
the[1/2 0 Q] point of the Brillouin zoné%!! They showed Single-crystal growth has been described previotfsly.

that three modes which appear beldwexhibit pronounced The Brillouin spectra were obtained with a3 pass tan-
softening when temperature approaciigs Two of these dem Sandercock-type Fabry-Perot interferometer combined
modes, observed at 43 and 35 ¢t 150 K temperature, with an optical microscope. The free spectral rarff&R
become heavily overdamped nély. Both of them have a employed was 37.5 GHdor the study of acoustic phonons
finite frequency afl, (23 cm * for the 43-cm® mode. The  and 375 and 250 GHor the study of the soft optical pho-

Il. EXPERIMENT
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non). The scattered light from the sample was collected in

backscattering geometry. An additional measurement in 90° 37K

scattering geometry was performed only at ambient tempera- 325K ‘ “

ture in order to obtain information abonj refractive index.

A conventional photon-counting system and a multichannel

analyzer were used to detect and average the signal. The 322K

samples were put in a cryostat célHMS 600. The sample = 321 K ‘

cell with an X-Y adjustment was placed onto the stage of an ® ‘

optical microscopéOlympus BH-2 having aZ adjustment. ig 320K ya il .

The Brillouin spectra were obtained for 1024 channels after = |7k ; '

300 time repetitions of accumulation with a gate time of 500 'w w ‘

us for one channel. More details of the experimental setup 313K

can be found in our previous papér. 309 K ‘
The frequency shifts, half-widths, and intensity of the

Brillouin peaks were evaluated by fitting the measured spec- 298 K m

tra to the convolution of the Gaussian instrumental function

with a theoretical spectral line shape that is Lorenzian in
form.1® Sound velocities and corresponding elastic constants
were calculated from the measured frequency shifts using the Frequency shift (GHz)

mass density 5.52110° kg/m®. The refractive indexn, , ,
—1.91 was obtained by comparing measurements of Bril- FIG. 1. Development of the optical phonon spectra as a function
louin shifts in backscattering and 90° configuration in theOf temperature.

way proposed by VaughdfiSince it is known that Brillouin

spectroscopy can be used for the determination of birefrinmodes(observed at 43 and 35 crhat 150 K) studied by us
gence, the remaining refractive indices were obtained fronpreviously!® which showed large finite frequency at.

the Brillouin shifts measured in backscattering geomgtry. (about 23 cm?) and clear decrease in intensity and increase
The measured Brillouin shifts for the LA phonon in the in damping in a very large range beldli (more than 100
X(z2)x and x(yy)x polarization depend on the, and n, K). This result indicates that the lowest-frequency soft mode
refractive indices, respectively.Using then,=1.91 value can be attributed to the primary mode whereas the two
the corresponding sound velocity for the LA phonon travel-higher-frequency modes are most likely secondary modes as-
ing in the[100] direction was found to be 3.2010° m/s.  sociated with the antiferroelectric  distortion in
Knowledge of this sound velocity and the measured Bril-CsBi(MoGQy),. The unusually low frequencyless than 13
louin shift in thex(yy)x polarization allows us to conclude
that the refractive index,=1.92. The refractive index,
=1.94 was obtained in the similar way from théz2)y and
y(xx)y Brillouin shifts. The refractive indices were taken to
be constant in the entire temperature region studied.

300 200 -100 0 100 200 300

IIl. RESULTS AND DISCUSSION

A. Temperature dependence of the soft optical phonon

The temperature dependence of the soft optical phonon is
presented in Fig. 1. Since this mode is underdamped even
near T, its frequency, damping, and integrated intensity
were evaluated by fitting the measured spectra to the convo-

lution of the Gaussian instrumental function with a theoreti- N 211 ®) OoO
cal spectral line shape that is Lorenzion in form. The ob- e 18 &
tained values ofvs and damping as a function of temperature AR gL
are plotted in Fig. 2. - &

At T<T, the temperature dependence of the soft phonon 1.51 M
frequency is obtained by a least-squares fitting, which is de- 00©
scribed byw=1.76(T.—T)%4. This fitting shows that the 121 © O. '
phonon softens to zero @,=322 K. The value of the criti- 280 290 300 310 320

cal exponent3=0.40+0.01 is smaller than the predicted

. T
mean-field value of 0.5. The temperature dependence of emperature (K)

damping is weaksee Fig. 2and intensity decreases signifi- ~ FIG. 2. The temperature dependence of the soft phonon fre-
cantly only in a narrow temperature range n&ar quency(a) and damping(b). The solid line represents a fit ®
It is worth noting that the behavior of the 13-Chsoft = A(T.—T)#. The data below 280 K are taken from our previous

mode is different than the behavior of the two other softRaman scattering studiéRef. 10.
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TABLE I. Force constant$ (in N/m) and frequencies (in cm b at 350 K of some acoustic and optic
modes determined from velocities(in 10° m/s) of TA and LA phonons propagating aloft0] direction
and corresponding to theys andc,; elastic constants.

wLa O71A g g g g
ULA UTA fLA fTA k=7T/a k=7T/a k=0 k=0 k=’7T/a k='7T/a
3.29 0.75 53.2 2.8 41.3 9.4 92.2 211 82.4 18.8

cm ! at 180 K belowT,) and damping1.4 cm ' at 300 K} stants have been calculated from the measured frequencies of
of the lowest-frequency soft phonon suggest that this modéhe longitudinal and transverse modes propagating along the
can be attributed either to the translational motions of Cs X, ¥, andzaxes. The calculated values of the elastic constants
cations, since these ions interact very weakly with the oxy-of the D3, phase are presented in Table II. It is worth notic-
gen atoms, or to antiphase displacements of the layers, sog that the elastic constantg, andcsg are very small. The
called rigid layer mode, which corresponds to a zone boundelastic constantgg has even smaller valugrequency of the
ary acoustic mode in the paraelectric phase. In the layeredorresponding acoustic mode is only 3.7 GHz at ambient
structure frequencies of these modes can be easily calculatéemperaturgand therefore its value in th®3, phase could
with the use of linear chain model and known velocities ofnot be established.
acoustic phonons propagating perpendicular to the ldflers. The temperature dependence has been established for LA
The application of this model gives the following expres- phonons propagating in the directigri€0], [010], and[001]
sions for sound velocity and frequencies of acoustic and opas well as for two transverse phonons propagating in the
tic modes: directions[001] and[100]. The frequency of these phonons
correspond to the&q;, Cy, Ca3, Cas, andcsgg elastic con-
v=R[0.5f/(M1+M;)]"? (1) stants, respectively.
The temperature dependence of the studied phonons
wo=(2f/p)? for k=0, (2)  shows that the phase transition results in distinct acoustic
anomalies(Figs. 3—8. The frequency of the phonon corre-
wo=(2fIM)"? for k=mla, (3)  sponding to thee;; constant shows a very clear steplike dis-
continuity typical for linear-quadratic coupling. Thg, and
wa=(2fIM,)¥2 for  for k=m/a. (4)  c4q constants also show a discontinuous temperature depen-
dence. However, in this case the steplike discontinuity is less
The parametef denotes a force constant between theclear since critical fluctuations in the order parameter fiear
layer composed of cesium ions with mabs, and the can lead to an additional downward bending of the and
[Bi(M0O,);].... layer with massM,. Theu is the reduced c,, elastic constants. According to the Landau free-energy
mass andR is the distance between the same type layers: i.egxpansion, a second-order transition gives a negative contri-
R is equal to thea lattice parameter in th®3, structure. bution to elastic constant change but a first-order transition
Using the measured frequencies for phonons correspondinzan give either a positive or negative contributfdihe ob-
to the c,; and cs5 elastic constants at 350 KR3.6 and 5.4 served negative change in the elastic constantsc,,, and
GHz, respectively: see next paragraph of this papee  c,, is consistent with the second-order character of the
have calculated the corresponding frequen¢ses Table)l paraelectric-antiferroelectric transition. The phonon corre-
The calculations show that the rigid layer mode should besponding to thess elastic constant shows a temperature de-
observed around 9 cm and the translations of the €sons  pendence characteristic for the biquadratic coupling below
around 19 cm™. It is, therefore, not possible to discriminate T.. The unusual feature of the phonon corresponding to the
on the basis of the performed calculations whether the obe,; elastic constant is a large decrease of its frequency with
served 13-cri' mode originates from the transverse acousticdecreasing temperatufsee Fig. 6. The temperature depen-
mode or shear optic mode corresponding to translational madence of this phonon can be most likely explained as a result
tions of CS™ ions. Since, however, translational motions of of biquadratic coupling with a negative coupling constant.
weakly polarizable alkali-metal ions give usually rise to The other characteristic feature of the studied phonons is a
weak Raman bands, the strong intensity of the observed soft

mode favors the assignment of this mode to the rigid layer TABLE II. Calculated velocities of acoustic phonons and elastic

mode. constants of CsBi(Mog), at 350 K.
B. Temperature dependence of elastic constants Wave vector [100] [010] [o01]
The structure of CsBi(Mog), aboveT =325 K is ortho- Phonon LA TA LA LA TA

rhombic,D3,.° The elastic stifiness tensor of the orthorhom- velocity (1% m/s)  3.29 075 362 339  1.15
bic groupD,}, contains nine independent components: i.e., Elastic constant cy Css Coy Ca3 Cas

Ci1, Co22, C33, C4s, Css, Cep, Ci12, C13, and Cps. In the (10 N/m?) 597 031 721 635 073
present study onlg;, Cp, Caz, C44, andcss elastic con-
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FIG. 3. Example of the temperature dependence of the Brillouin
spectra for CsBi(Mo@),. The spectra were recorded in tRézz
+2zy)x configuration.
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FIG. 4. Temperature variation of thg, elastic constanta) and
the corresponding dampiryp) and intensity(c).
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FIG. 5. Temperature variation of tl, elastic constanta) and
the corresponding dampir(g) and intensity(c). The solid line rep-
resents a fit to Eq12). The inset shows details ne@g.

very large increase in damping of tke;, c,,, andc,, con-
stants afT ., giving rise to characteristic peaksee Figs. 4,
5, and 7. The increase in damping for the; constant is
weak (see Fig. § and no change can be observed for ¢he
elastic constant. Finally, as a result of the phase transition a
steplike change in scattering intensigivided byn(w) +1,
wheren(w)= 1] exphw/kzT)—1] is the Bose-Einstein fac-
tor) is observed for the phonons corresponding todheand
Cy4 €lastic constants whereas thg, constant gives rise to
maximum intensity aff; (see Figs. 4, 5, and)7

The former studies showed that the phase transition at 325
K is antiferroelectric with doubling of tha lattice parameter.
Since the center of symmetry will always be retained at a
pure antiferroelectric transitiof!, the antiferroelectric phase
may haveD,,,, C,,, or C; symmetry. As mentioned in the
Introduction, it has been suggested previously that the low-
temperature phase may be described by D‘%,:Pcca
space group: i.e., the phase transition does not lead to any
point symmetry breaking but is connected with a decrease of
the translational symmetry. Theoretical considerations shows
that aPccmto Pccatransition with a doubling of tha lattice
parameter can be induced by a one-dimensional irreducible

174101-4



HIGH-RESOLUTION BROADBAND BRILLOUIN .. .. PHYSICAL REVIEW B68, 174101 (2003

«— 6.41 1.5

£

Z 60 =

= T 12§

Em 2

< 58 209
5.2 o

150 200 250 300 350

o
"

10 ® 150 200 250 300 350

%2&2&? & §
061 b9 p &é&} 5 21
' ODocbooo e :

eeS=S] q 69
150 200 250 300 350 MM
450 (©) 150 200 250 300 350
20
= 4004 ©o (©)
: —
s o 50 o 3 164 S
o o]
g 35010 %% 212 g
& 3 o
£ 300 g s o
= o
4! dpoood:o@w

5

150 200 250 300 350
Temperature (K)

250 . v r ,
150 200 250 300 350
Temperature (K)

FIG. 6. Temperature variation of thg; elastic constanta) and
the corresponding dampir@) and intensity(c). The solid line rep-
resents a fit to Eq(13).

FIG. 7. Temperature variation of tlg, elastic constanta) and
the corresponding dampir{g) and intensity(c). The solid line rep-
resents a fit to Eq(14). The inset shows details ne®g.
representation; or 4.2 The symmetry analysis, performed
in a way proposed by Aroyo and Perez-Métdeads to the  |n order to discuss acoustic anomalies, we make use of a
conclusion that the primary order parameter connected W'“ibhenomenological expression for a free energy. The free en-
the Pccmto Pccatransition may involve antiphase displace- ergy F as a function of temperature, the order parameter

ments of CS ions or[Bi(MoOy)]....” layers, in agreement 4 the strain components can be written
with our scattering studiesee the discussion in the previous

paragraph Moreover, the calculations show that the above-
discussed displacements are associated with rotations of the F=F,+Ft+F;, (5)
Mooﬁ’ groups. It seems, therefore, very likely that the pre-
viously observed broad bands at 35 and 43 tnwhich

were assigned to librational motions of the MgO groups F,=12a(T—To)7*+ 1/4B 7"+ 1/6D 7", ©®)
and which exhibited significant softening, can be attributed
to secondary modes associated with the antiferroelectric dis- 121
tortion. —
Although the phase transition mechanism seems to be £ 1.01
consistent with thé>ccm— Pccasymmetry change, the ob- 92 0.84
servation of linear-quadratic coupling by us for thestrain 2
shows that this transition cannot occur without point symme- 2 06
try breaking since in this case the linear-quadratic coupling is © 54l
allowed only for thee;, e,, ande; strains. Our Brillouin
studies show, therefore, that the transition might occur to the 0'%50 200 250 300 350

C,, structure: i.e., it might be simultaneously antiferroelec-
tric and ferroelasti¢the C; structure can be excluded since in
this case steplike discontinuity should be observed also for FIG. 8. Temperature variation of the elastic constant. The
the cs5 elastic constant solid line represents a fit to EL5).

Temperature (K)
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TABLE Ill. Values of the parameters corresponding to the best fits of the data with(Els(15).

Elastic cX(Ty) 5 2k?/B h;
constant  (10% N/m?) K™ (10 N/m?) A/ (10 N/m?) B

C11 6.06 43104 1.13 ~0 - -

Con 7.24 - 0.22 0.049 - 0.380.02

Ca3 6.40 3.1x10°4 0 0 —0.0086 0.420.02

Caa 0.73 ~0 0.20 0.048 - 0.220.03

Css 0.31 4.1x1074 0 - 0.015 0.3%+0.01

4 6 visible for thec,, andcy, elastic constantsee Figs. 5 and)7
F.(e ,77)=E kie; n°+ 1/22 hieizn2 and can be attributed mainly to the fluctuations of the order

i=1 i=1

parameter. The largest jumps dn are observed for the,,
(2k2/Bc3,=0.27) andcy; (2k%/BcY,=0.19) elastic con-
2 2
+ 1/21§i2<j§4 hijeie;n°+1/2hseesesn”, (7)  stants whereas the jump of the, constant is only 0.03. Note
that theA; parameter is approximately zero, indicating that
6 the h, andD have also approximately zero values. This re-
Fi(ei)zllzz clef+ > cleej+cleses. (8)  sult shows that the term 106, in the free-energy expansion
=1 1=i<j=4 [Eq. (6)] can be dropped. It is also worth noting that the
In the static approximation, if we neglect the fluctuations,shear elastic constants, and css exhibit a very large in-

the effective elastic constants(T) can be writte® crease of their values with decreasing temperatsee Figs.
7 and §. The analysis shows that tigparameter is around
ci(T)=cy for T>T, (99 0.3 for all elastic constants except fogs. This value is
similar to that found for thes,; elastic constant in K5eQ
Cii(T)=cf —2kiB+(2h;+4kiA) 5 for T<T,, near the transition from the hexagonal to orthorhombic, in-

(10) commensurate phadd.It is, however, significantly lower
than the value obtained from the soft mode analysis. These
results show that the temperature dependence of the order

. . . S parameter differs significantly from mean-field behavior. The
Since the linear-quadratic coupling is not observed forethe origin of this behavior is not known but it can indicate that

andes strains, in the following discussion we takg=0 and the nature of the phase transition is close to tricritical since in

ks= 0. With these assumptions, the temperature dependencga : 0.25
. ch a case should be proportional toTi.— T)"<. Another
of thecyy, Cyy, Ca3, Caq, aNdcss elastic constants below, 97 brop Te—T)

possible explanation is that the higher-order terms play im-
are portant role in the interactions between the order parameter
Ci(T)=c%(T)— 2k/B+ A’ r2, 11 and strains. I_t is also worth noting that 5|m|I<_';\_r temperature

(M) =c1,(T) = 2ky 170 (D dependence is often observed when a transition occurs into
an incommensurate phase. For example, the analysis per-

wherecﬂ is the bare elastic constangg is the equilibrium
value of the order parameter, aAg=2h;k; /cﬂB+ k;D/B2.

Cod ) =2 T) ~ 2K3/ B+ Agm, 12 formed for K.SeQ; showed that the temperature dependence
Cao T) = C35+ 2N3m5, (13 \(/:vinertézsa%:?hxérrnztv?/gyb)flr:mpci\r/lvee rtlg\gs;lt\{ﬁ: i(t)'5re22?nr-tl>—lies a
C44(T):Cg“(T)_Zk‘Z‘/BJFA‘/‘”g' (14) povli/g{ :Jos,an(\)l\i/tvhgis:c(L)J.szs5 i;e damping and fluctuations of the
055(T)=cg5+2h57;§, (15 order parameter. There are two major mechanisms of damp-

ing. First, the damping is caused by coupling of a strain to
whereA/ =2h; + 4kA, . the square of the order parameter fluctuatibré2" This

In addition, we take into account the thermal expansion ofyPe of coupling brings about the critical damping both be-
the CsBi(MoQ), crystal which introduces a linear tempera- 10W and aboveT ;. As a result the observed anomaly is sym-

ture dependence term '(r?(T): metric. The second mechanism is connected to bilinear cou-
' pling of strain and order parameter fluctuatidhé?=2"When
cﬁ(T)zcﬂ(Tc)[lJr 5(Te—T)]. (16) the order parameter does not correspond to the Brillouin

zone center, this contribution to the damping vanishes above

The resulting values of the parameters corresponding t@.. As a result the observed anomaly is strongly asymmetric.

the best fits of the data with EgEl1)—(16) are presented in  Our studies show the presence of a symmetric and strong
Table 1ll. The fitting shows that the data can be reasonablgnomaly for thec,, elastic constan{see Fig. 5 The ob-

well approximated by Eqq911)—(16), except for the 20—30 tained results show, therefore, that this elastic constant

K range neaiT.. The significant difference between the ex- couples strongly to the square of the order parameter fluc-

perimental and approximated data n&aris especially well  tuations. This mechanism seems to be also very important for
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the c,4 elastic constant. Thess elastic constant also couples [V. CONCLUSIONS
to the square of the order parameter fluctuations but this The performed studies have shown that the soft mode

coupling is much weaker than tha'g observed ford:B@anq associated with the primary order parameter softens to zero
Ca4 CONStants. In case of the, elastic constant the coupling o4 1_and remains underdamped even at temperatures very
to th_e square of the order parameter fluctuations seems to_'%ﬁ)se toT,. The Brillouin studies, showing the jump de-
negllg|ble, as evidenced through a very weak change iRrease in the,,, Cyy, andcy, elastic constants &t typical
damping abové ;. The observed anomaly can be, therefore for jinear-quadratic coupling, are consistent with the second-
attributed to the bilinear coupling between the strain anchrder character of the phase transition occurring with dou-
order parameter fluctuations. The last measured elastic comting of thea lattice parameter. However, the present studies
stant, cs5, does not show any anomaly in damping. Thisshow that the mechanism of this transition is more compli-
behavior is consistent with the observed biquadratic couplingated than previously assumed. In particular, the appearance
since in such a case no contribution to the damping should bef the jump in the transverse sound velodaity indicates that
observed from the order parameter fluctuatiths. as a result of the phase transitiep spontaneous strain ap-
Finally, it is worth noting that the studies show steplike pear; i.e., the phase transition is both antiferroelectric and
intensity change for the,; andc,, elastic constants, broad ferroelastic. The low-temperature phase cannot be described
peak for thec,, elastic constant and nearly no change for theDy the space groufcca as previously suggested, but is
Ca3 andces constants. The steplike decrease in intensity at &nost likely monoclinic with a point grou,,. The obser-
phase transition is sometimes observed due to formation ofation of the jump for thee,, elastic constants indicates that
microdomains which cause significant deterioration of crysihe axisColix is retained belowT.. The transition into a
tal optical quality?®?® In the present case the steplike de- monoclinic structure with the doubling (_)f thee Ia_lttlce pa-
crease in intensity at, due to deterioration of the crystal f@meter can be induced by a number of irreducible represen-
optical quality is very unlikely since we could not observe tations an.d, therefore, more experimental dgta, especially
any changes in the crystal transparency beljwand the x-ray studies belovl;, are necessary to establish the struc-
simultaneous measurement of thg and ceg OF C44 and Ca ture of the Iow-temperaturg phase. Wlthput knowledge of the
elastic constants showed large anomaly in intensity for oniFTYStal structure below, it is not possible to discuss the
one component of each pair. Therefore, the observed changé€t@iled mechanism of the phase transition. The symmetry
can most likely be attributed to coupling between the orden2lysis and experimental data allow us, however, to con-

parameter and strains. A very similar steplike anomaly irclude that the phase transition involves displacements of the

intensity was observed previously for a TA phonon in Cs*_ions or, more ”kely[BKMoo“)Z]wof layers as well as
BaMnF, .3 The steplike change in intensity indicates that the'€0rientations of the Mog"~ tetrahedra.

phase transition leads to discontinuous changegsinand
p»o3 elasto-optic(Pockelg coefficients. The mechanism of
this temperature behavior has yet to be interpreted. In case of This work was done as a part of Poland-Japan project and
the c,, elastic constant the anomaly in intensity resemblest was partly supported by the Polish Committee for Scien-
that of damping. The observed peak can be, therefore, mostic Research, Grant No. 7 TO9A 020 21. Dr. M., bkka
likely attributed to fluctuations of the order parameter whichacknowledges Tsukuba University for support of his stay in
give rise to anomalous scattering intensity increase fgar Japan.
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