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Anomalous behavior of the internal stretching modes above and below the incommensurate
phase transition of CsHgBr,
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A Raman study of C#igBr, crystals was performed in the temperature range 90-290 K, using different
scattering geometries. A high-resolution analysis of the bands associated with the stretching vibrations of the
HgBr, 2 tetrahedra reveals that the frequency of the peak associated wiffy themmetryr, mode observed
in the (xx) spectrum is smaller than those observed in §n @nd (z2) spectra. The temperature dependence
of this frequency shift shows a discontinuous decrease at the incommensurate phase tfgnsitiba jump
to zero at lower temperature. This result is interpreted in terms of the orientational disorder of thjg2 HgBr
groups. Besides, a TO-LO splitting appearsTat increases continuously in the incommensurate phase, and
remains constant below the lock-in phase transition. This result is in disagreement with the centrosymmetric
structures proposed for the low-temperature phases and is probably due to the presence of a layered structure
of domain walls with polar symmetryS0163-182@07)07246-9

| INTRODUCTION groupP1 (C!,Z=4) and phase VT1<80 K) belong to the
, _ same group, witz=81

Crystals of the familyA,BX, have been the object of  pjfferent experimental techniques have been used to
many experlmental and theoretical .studles in the last Ye&rtudy the sequence of phase transitions ofHOSr,, like
due to the existence of a large variety of structural phasesc_ray diffraction3 NQR2-° NMR.® optical
The riChness Of the StrUCtUral phases iS related to the exi%'irefringence?”J_lo acoustical Studieg)’ Specific heatl and
tence of orientational disorder of ti&X, sublattice at high Raman scatterintf Besides the appearance of satellite spots
temperature and different possible orientations of B%,  in the x-ray-diffraction patterns, the incommensurate phase,
tetrahedra when temperature decreases. In particular, sorbetween 245T>232 K, was also characterized by the
crystals of this family exhibit incommensurate phases, wher&road NMR and NQR bands.
the angle of rotation of thd&X, tetrahedra is modulated Dmitriev et al? performed a Raman study of sE4gBr,
along a given direction. The most studied of them, e.g.petween 100 and 300 K using different scattering geom-
K,SeQ, Rb,ZnCl,, Rb,ZnBr, K,ZnCl,, etc., present the etries. They focused their attention on the low-frequency re-
same sequence of phase transition, that is, a higrgion of the spectrum, which corresponds to the external
temperature phase be|onging to tﬁemaspace group, an modes of the CryStaI. At very low frequency they observed a
incommensurate structure where the modulation wave vectdglaxation mode with a characteristic time=5x10"**s, -
presents a temperature dependence giveny() =n/m[ 1 whlch was ascribed to thg existence of a'small-angle orien-
+8(T)]a*, and a lock-in(or commensurajem-fold super- tayonal jump of the HgBr“ groups. Accordmg to them, the
structure belonging to th@n2,a space group. The high- orientational disorder of the HgBf groups is present in
temperature structure, above the incommensurate phase tré#1@ses I, Il, and Ill, and disappears in phase IV, beTow
sition atT,, is also characterized by an orientational disorder— 165 K.

of the BX, tetrahedra, the extent of disorder varying from !N this r‘:‘_’orr]k' we StUdi; the uigh—frequlency fﬁgion of dthe .
one compound to another. spectra which corresponds to the internal stretching modes o

Cs,HgBr, crystals also exhibit an incommensurate phas%hfef Hglfﬁ_ titra_hedra. Rart‘n_an spzct(;?fweri ort])talned using
at low temperature, but their structural behavior belbws ierent scattering geometries and difierent pnonon propa-

different from the well-known KSeQ-type incommensurate gation directions, between 90 and 290 K. The high-

compounds. The high-temperature structipbase ) be- resolution of the spectra allowed us to perform a careful
P ' 9 16 P . line-shape analysis of the bands associated with the internal
longs to thePnma (D3p,Z=4) space group, but the in-

stretching modes, revealing new aspects of the transitional

commensurate phagphase I} below T,=245K is charac-  pehavior above and below the incommensurate phase transi-
terized by a wave vectar~0.16* that practically does not tjgon.

change in the whole incommensurate interval. At abbgit
=232 K, the modulation wave vector jumps to zero, yielding
a commensurate structufighase 1) belonging to the mono-
clinic space groug?2,/n (Cgh,Z=4), without the appear- Single colorless crystals of g4gBr, were grown by H.
ance of a superstructure. The crystal undergoes two othékrend (ETH, Zurich using the Bridgman method. We have
phase transitions, at abouf, ;=165 K and T, ,=80K. used the convention for the orthorhombic crystal axes in
Phase IV (80 KxT<165K) belong to the triclinic space which a is the pseudohexagonal axis afmd<a<c (a

IIl. EXPERIMENT
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TABLE I. Correlation diagram for the internal modes in the room-temperature phase LidfBs.

point group site group factor group internal modes
of the free molecule
Ta Dy

A (V) A (G Y.Z7) Wy, Vg, 2V, 2y, lib, 2ext

GY
\ / By, (y2) vy, V3, Vg, 2lib, ext
E(v2) A By (xy) vy, V3, V4, 2lib, ext
Bs, (x2) Vi, Va, 2V3, 2V, lib, 2ext
T, (lib.) B Ay V3, V3, Vg, 2lib, ext
Bju (%) V1, V2, 2v3, 2y, lib, 2ext
T2(V3, V4. €xt.) Bay (2) V1, Va, 2V3, 2y, lib, 2ext

Bi, (v) Va, Vi, Vg, 2lib, ext

=10.248 A,b=7.927 A, andc=13.901 A),* in accordance lll. GROUP THEORY ANALYSIS
with the Pnma space group for the structure at room

3 . . The present analysis is restricted to the internal vibra-
temperaturé? The ¢ axes is perpendicular to an easy cleav-.. . .
._,tional modes of the Hgér anions in phases I-IV. Tables |,
age plane of the crystal. The samples were cut and pollsheI .
, and 1ll show the factor-group analysis for the normal

with the faces perpendicular to the crystallographic axes. . . .
The Raman spectra have been recorded with a triplephases [, I, and IV, respectively. The unit cell contains four

monochromator spectrometédILOR XY) equipped with a HgBr; tetrahedra anc_j thus there are 36 internal modes
multiarray detectoGOLD) and excited with a 150 mw (471,8v2,12v5,12v,). Since all the point groups are cen-
green line § =514.5 nm) of an argon laséCOHERENT trosymmetric, only the 18 internal modes associated with the

INNOVA 70). A flow cold-finger cryostatJanis ST-30D gerade irreducible representation are Raman active and,
and a température controllét.akeShore 33D allowing a therefore, their frequencies should not depend on the direc-

temperature stability better than 0.1 K were used for thetion of propagation. The quadratic functions, which give the
low-temperature experiments scattering polarization used to observe the modes associated
We have used nine different backscattering configurationgv'th each representation, are also presented in these tables.

to observe all modes belonging to all Raman-active represen-"€ functionsxx, yy, andzz always belong to thé, rep-
tations and propagating along different directions, that isresipi?]téoréom temperature phase(Pnma or D space
X(yy)x, x(z2x, x(y2x, y(xx)y, y(z2y, y(x2y, 2h

(vy) (22 (y2) yx9y, y(zay, y(x2)y group, the HgBE tetrahedra are localized, on average, in

z(xx)z, z(yy)z, z(xy)z. The symbols inside the parenthe- ¥ ith _ | heref h

ses give the polarization of the incident and scattered Iigh?_Ites witha, mirror-plane symmetry. T. erefore, the symmet-

and the symbols outside the parenthesis give the phonorc stretching mode, is not expected in the cross-polarized
1g @nd B,y spectra. In phases Il and IV, the crystal does

r tion directions. .
propagation directions not present ther, mirror plane and therefore at least ong

TABLE II. Correlation diaaram for the internal modes for the commensurate phase |ll.6foBs..

point group site group factor group internal modes

of the free molecule

Ty (o Co
A (V) A (XY, 77 y2) V1, 2va, 3vs, 3vy, 3lib, 3ext
E (Vo) \ A 4 B, (xy, x2) V1, 2v2, 3va, 3vy, 3lib, 3ext
T, (lib.) A, (X) V1, 22, 3vs, 3vy, 3lib, 3ext

T, (V3, Vs. ext) B, (v.2) Vi, 2V2, 3va, 3vy, 3lib, 3ext
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TABLE Ill. Correlation diaaram for the internal modes for the commensurate phase |V-bfoBs..

point group site group factor group internal modes

of the frec molecule

Ty C, C
A (V) A (Y. 70 yv2) 2vy, 4v,, 6vs, 6V, 6lib, 6ext
E (Vo) \ A /
T, (lib.) 7 \ AL(XY, XZ. X. ). 7) 2v1, 4v,, 63, 6V, 6lib, 6ext

T2 (V3, V4. CXL.)

mode is expected in each cross-polarized spectrum. Morexnd v, bending modes appear in the spectra below 85'cm
over, due to the lowering of the crystal symmetry with de-and are overlapped with the external modes due to the large
creasing temperature, a large nur_nber of internal modes i$,5s5 of the HgE{rz tetrahedra. Figure 1 shows the room-
expected in all spectra, as shown in Tables Il and IIl. temperature Raman spectra for different scattering geom-
There are different kinds of theoretical models which dealetries, which allow us to investigate all the Raman-active
with the Raman activity in incommensurate structures and al&tretching modegy, and v5). The »; modes are the most
of them predict the appearance of extra internal modes belo
the incommensurate phase transittdf® According to the
superspace descriptidfsix new modes oAy andByy sym-
metries, and 12 new modes Bf; and B34 symmetries are
expected belowT,, considering that the incommensurate

phase of CsHgBr, has P%;';na symmetry like as the
K,SeQ-type compounds.

Yhtense and have their frequencies at about 179'crifthe
peaks at about 160 and 185 chare associated with the,
modes. The assignment of these modes were confirmed by a
recent infrared study of GigBr,.*°

Analysis of the v,-peak

The first interesting experimental result obtained concerns
IV. RESULTS AND DISCUSSION f[he observation of forbidden mpdes in some spectra. Accord-
ing to the factor-group analysis of Table I,;a mode with
The v, and v; stretching internal modes in g4gBr, By andBgzy symmetry is not expected if the HgBr tetra-
have their frequencies in the range 150—200 tnThe v, hedra are on ar, mirror plane. However, one; mode is
always observed in the cross-polarized/) and (yz) spec-
tra, which display theB,4 and B3, modes, respectively, as
shown in Figs. le) and Xf). Care was taken to be sure that
these extra lines are not due to a crystal misorientation or
leakage effects; the orientation of the crystallographic axes
was systematically checked by x-ray diffraction.
The observation of thes; mode in the cross-polarized
(xy) and (yz) spectra can be explained if we consider that
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FIG. 1. Room-temperature Raman spectra gHg8r, showing
the bands associated with the internal stretching modes for six dif-
ferent scattering geometrig®) y(xx)y, (b) z(yy)z, (c) x(z2)x, (d) FIG. 2. Projection along the@ axis of the disordered room-
y(x2)y, (e) z(xy)z, (f) x(y2)x. temperature structure of g4gBr,.
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' T ' ' Surprisingly, we could not fit these bands with only three
distinct frequencies since the frequency of the peaks associ-
ated with thev; mode depends on the scattering geometry of
the diagonally polarized spectra. Figur@3shows the tem-
perature dependence of the frequency of the peak associated
with the v, mode in six different diagonally polarized spec-
tra, which allow the observation of th&; phonons propa-
gating along the three crystallographic directions. Note that
the frequency of the peak associated with fgesymmetry

v, mode depends on the spectra polarization, that is, the
frequency of thev; peak observed in thexk) spectra
(curvesa anda’) is smaller than those observed in they)

and (z2) spectra(curvesb,b’,c,c’). This frequency shift is
about 2 cm? at room temperature, and it is much greater
than the precision in the determination of the frequency
peaks. On the other hand, at very low temperatufe (
~90 K) the frequency of the; peak depends on the phonon
propagation direction, that is, the peaks associated with the
modes propagating along thedirection (curvesa and c)
have frequencies larger than those propagating along the
and z directions(curvesa’,b,b’,c’). The same behavior is
observed in Fig. @) for the cross-polarized spectra. In the

180

1771

180

Wave number (cm™)

177

100 150 200 250 intermediate casephase Il and Ill the frequency of the;
peak depends both on the spectra polarization and the pho-
Temperature (K) non propagation direction.

Let us now analyze the dependence of ihepeak fre-

FIG. 3. Temperature dependence of the frequency of the peagyency on the spectra polarization. This anomalous behavior
as;ouated with the; mode in nine different backscattering geom- |55 already verified in a very precise Raman study of
etries. K,SeQ, reported by Katkanant, Hardy, and Ullm&nThey

observed that the frequency of a given line in thesym-
the tetrahedra are not on tlg, mirror plane of thePnma  metry can be different inxx), (yy), and 2 spectra and
structure. A recent x-ray-diffraction experimthtshowed ascribed this result to a “smearing” of the effective ortho-
that the room-temperature structure of,l8gBr, is better rhombic crystal caused by slightly random misorientations of
described by an orientational disordered model, illustrated ithe various tetrahedra groups. As previously discussed, the
Fig. 2. In this model the tetrahedra are slightly deviated frontoom-temperature phase of £Br, is characterized by an
the o, mirror plane, but the average structure preséntsna  orientational disorder of the tetrahedra groups. The disor-
symmetry. It must be emphasized that the observation oflered model proposed by Pinheigball’ assumes that the
forbidden internal modes abovg is a very common feature tetrahedra rotations occurs about the pseudohexagonal
in K,SeQ-type compound$®~?2and led several authors to axis. Moreover, Dmitrievet al'®* observed in the low-
come to the same conclusion concerning the tetrahedra orfrequency Raman spectra of £ Br, a relaxation wing as-
entational disorder. sociated with orientational jumps, which is absent in the) (

Let us now discuss the diagonally polarized), (yy), spectra and concluded that the relaxation excitation is polar-
and (2 spectra. According to the group theory analysisized. All these results lead us to the following qualitative
three stretching modes with; symmetry(one v, and two  conclusion: thev; mode with symmetryA, is coupled to the
v3) are expected at room temperature. The spectra shown iielaxation mode associated with the orientational disorder
Figs. 1@, 1(b), and 1c) corresponding toXx), (yy), and and the coupling shifts the frequency of the peak associated
(z2) configurations are quite different. The three predictedwith the v, mode. The strength of the coupling is not isotro-
modes are clearly observed only in thez( spectra[Fig.  pic since rotation occurs preferentially about theaxis.
1(c)]. For the &x) spectra we can observe tlr¢ mode and Therefore, the shift in the frequency of thr¢ peak observed
the low-frequencyv; mode[Fig. 1(a)]. On the other hand, in the (xx) spectra is different from the value observed in the
only the v; and the high-frequency; modes are present in (yy) and 2 spectra.
the (yy) spectrgFig. 1(b)]. Figure 4 shows the temperature dependency «gf

The bands associated with the stretching modes were fit= 0, , Wherew,, andw,: are the frequencies of thg peaks
ted by a sum of Lorentzian curves, as shown in Fidgg),1 observed in thez(yy)z and z(xx)z. We can observe two
1(b), and Xc). In all cases, the’; mode is the most intense discontinuous decreases in this curve, the first one at the
one and the frequency of the associated peak can be deténcommensurate phase transition,<€ 245 K), and the sec-
mined with a precision better than0.3 cmi L. Since only ond one at aboufl, ;=165 K, which corresponds to the
one v; and two v; modes are expected in the diagonally IlI-IV transition. Below T ;, the shiftw, — w,: tends prac-
polarized spectra, the bands shown in Fig®),11(b), and tically to zero, as it would be expected from the group theory
1(c) should be fitted using only three distinct frequencies.analysis. Figure 5 shows the temperature dependence of the
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w, are the frequencies of thg peaks observed in thgxx)y and

FIG. 4. Temperature dependencemﬁ,—wi, where w,, and 2(xX)Z spectra.

w, are the frequencies of the, modes observed ia(yy)z and
z(xX)z spectra, respectively. ) ) o
mode propagating along is longitudinal (LO) and those
damping constants of the internal stretching modes. Note th&ropagating along andz are transversd[TO). Thg hlgher
these curves present a similar behavior of that shown in Fig/2!ue of the frequency of the modes propagating in yhe
4, that is, discontinuous decreasesTat245K and T4 dyecfuon IS re]ated to the Qmstence ofa macroscopic e'ec.”'c
=165 K. In this sense, the orientational disorder start to def'eId In this d_|rect|0n, th_at increases the restoring fofces’ n-
crease below the incommensurate phase transition and prag€asing their frequencies. The polar character of this modes
tically disappears in the ordered phase [W<(165 K). This cazn be glven' by its effective charge which is proportional to
interpretation agrees with the low-frequency Raman®Lo~ @To- Figure 6 shows the temperature dependence of
results'? in which a relaxation mode, ascribed to the exis-®@a— @,/ Wherew, and w,, are the frequencies of the;
tence of small-angle orientational jumps of the HgBr modes observed in thg(xx)y andz(xx)z spectra, respec-
groups, was observed at high temperature and disappeartidely. Therefore, the polar character of this mode appears at
upon the transition to phase IV. T,, increases in the incommensurate phase and remains con-
Let us now discuss the dependence of thepeak fre-  stant below the lock-in phase transitionTat. However, it is
guency on the phonon propagation direction. Figure 3 showwell established that the low-temperature structural phases
that, belowT,, the modes propagating along thelirection ~ are centrosymmetric and therefore, according to the group-
(curvesa, ¢ andd) have their frequencies larger than thosetheory predictions, the polar modes are not Raman active.
propagating along thg andz directions(curvesa’, b, b’, The reason of this intriguing result is not yet clear. A pos-
¢’, d’ and d”). This frequency splitting is similar to a sible explanation for this result is related to the existence of
TO-LO splitting for a polar mode if one considers that the domain walls. Notice that the symmetry breaking occurring
from phase | to phase Ill gives rise to two types of twin

domains at low temperature, which have already been ob-
15! Y(XX)y prre V(XZ)y  emens served by x-ray diffractiod! There are, in principle, three
A oD @as® oo possible types of domain wall separating these twin domains,
~ 10 8 P 02229‘ & that is, walls perpendicular to the y, andz directions.
Tg 569@39 of® ggggﬁunn Let us now analyze the symmetry of these types of do-
L FF main walls. The point group of phase | has eight symmetry
b= = 000! | - = 28 elements D,,={E,C,y,C,y,Cs,,i,04,0y,0,}) and the
<§ 1 Z(W)Zoow‘mﬁ 2xy)z Aﬁzéun phase Il point groupC,, hés the four s§/mmetry elements
g 10 L90 o & Azdﬁﬁ (Con={E,Cyy,i,ay}). Therefore, the two types of domain
QO ol - N states are related between each other by the symmetry ele-
%‘) spheno™® jo o ments that are lost at the phase transition, thatIs,
=y 000 37
g 15 X(Zz)xooizmiﬁﬁ X(yz)xogzzﬁmmﬁ TABLE IV. Symmetry elements and point groups of the three
- 10 Ogﬁ%AA i, QgﬁA o possible domain walls in phase Il of ¢4gBr,.
po0A a® pog |:u:n:1m§I
Srﬁgn qoman” goV om0 direction normal
' to the domain symmetry elements of point group of the
120 180 240 300 120 180 240 300 wall the domain wall domain wall
Temperature (K)
X E,Cox,Cyy,Co, D,
FIG. 5. Temperature dependence of the damping constants of E.Cy.04,0y C,,(2)
the internal stretching modes in ££&Br, for six different scatter- z E.Coy.0%.0; Cy,(y)

ing geometriesd=v,; A=wv,; O=vg5; V=153.
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FIG. 7. Schematic projection of the phase Il structure ofHeBr, along thea axis showing two domains separated by a domain wall
perpendicular to the direction. The arrows show the displacement of the cesium ions. The domain wall carries a polarization ajong the
direction.

={Cy,Cy,,0y,04. The point group of a given type of do- below the incommensurate phase transition A3BX,
main wall separating two regions 1 and 2 is formed by thecompounds#'® In a Raman study of REnBr, Rasing
symmetry elements o, that do not interchange regions 1 et all* observed the appearance of three new internal modes
and 2 and by the symmetry elementsSothat interchange 1  below T,, while 16 were expected according to their theo-
and 2. Consider, for example, a domain wall perpendicular teetical model. The appearance of new internal modes has
the z direction. The point group of this domain wall & also been observed in,g&eQ, Rb,ZnCl,, and K,ZnCl,.23-%5
={E,Cyy,04,0,}. Table IV shows the symmetry elements  Figure 8 shows the temperature dependence of all stretch-
and the point groups of the three types of domain wallsjng internal mode frequencies between 90 and 290 K. Note
Notice that the point groups associated with the domaifpat ng extra bands appear below the incommensurate phase
walls perpendicular to thg andz directions are polar, the yangition in CsHgBr,, in disagreement with the predictions
polar axis being along the andy directions, respectively. ¢ o superspace approach displayed in Tabté Dimitriev

Therefore, _in spite of the fact th"’.‘t each domain has a Cergt 4112 came to the same conclusion in their Raman study of
trosymmetric structure, the domain walls perpendiculay to CsHgBr,. We performed a careful fit of each spectra in

andz can present a macroscopic polarization. order to observe a possible effect of the incommensurabilit
As pointed out in Sec. Il, the GdgBr, crystals present an on the line shape pof the bands. The line shape analys)i/s

leav lan rpendicular t irection. Th o .
easy cleavage plane perpendicular to Hhelirectio © ijshowed that all spectra could be fitted as a sum of Lorentzian

bonding between atoms in that direction is weaker than i, . ;
other directions. This can be seen in Fig. 7 which clearlyin€S: exactly as in the room-temperature structure, leading

shows an empty layer perpendicular z between two US to the conclusion that no extra bands appear in the incom-

neighboring HgBy tetrahedra. Therefore, the domain wall Mensurate phase of &4gBr,.
perpendicular ta is of lower energy than the walls perpen-
dicular tox andy since it is easier to accommodate two

domains in this plane. Figure 7 shows that the displacement booo oo poococa

of the cesium iongCs(1)] occurs principally along the 180 T “Hmooag

direction creating a local electric dipole. Since the cesium . yxx)y| | y(x2)y

ions in the unit cell move in opposite senses, the net electric 165 L o e AnAsmARAS AZZZX&AMA% -

dipole of the unit cell is null. However, in a domain wall <> a0

perpendicular to the direction, the cesium atoms move in & o oTOOOOTEOC00

the same direction. In this case, there is a macroscopic po- < 180 58 6 & eemonoommmonan] koo o e

larization along they direction, in accordance with the ) : _ —

group-theory analysis of the domain wall discussed above. 'g 165 z(yy)z b ooy z(xy)z
In summary, a possible explanation for the TO-LO split- =1 haanam hasa M ssdm@iady

ting presented in Fig. 6 is the existence of a macroscopic =

polarization along the direction associated with a layered 2 0 0 0 0 EWOCCOAFOCOO| o 0 © O OABOOCOAD

structure of domains perpendicular to thedirection. The g 180 p oo o oomoonommasas) o @ 8 oomoGcoammonoe

polarization is due to the displacement of the cesium atoms x(z2)X x(yz)x

from the o, mirror plane. The increasing of the TO-LO split- 16577 vy

ting in the incommensurate phase probably reflects the cor- (200 omasanamuany,| [404 Amosssuaiitonng

relation between the cesium ion displacements with the onset 120 180 240 300 120 180 240 300

of the tetrahedra orientational ordering, that occurg,at Temperature (K)

The appearance of new modes at low temperature FIG. 8. Temperature dependence of the frequencies of the inter-

As discussed in Sec. lll, there are different theoreticalnal stretching modes in GdgBr, for six different scattering geom-
models that predict the appearance of new internal modestries.0=v,; A=v3; O=v;; V=13,
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order of theBX, tetrahedra. In particular, the incommensu-
rate modulation is associated with the orientation ofBhg
groups. The main conclusions of this study were obtained
from the detailed analysis of the totally symmetrical stretch-
ing mode (v1). At room temperature, the frequency of the
peak associated with the mode observed in thexk) spec-
tra is smaller than its value in they¥) and 2 spectra.
Moreover, its frequency does not depend on the phonon
propagation direction. This difference is ascribed to the ori-
entational disorder of the Hg%‘r tetrahedra, which couples
the v, mode with a relaxation mode associated with the ori-
23 entational jumps of the tetrahedra and shifts the frequency of
the peak associated with thg modes. The strength of the
coupling is not isotropic, due to the fact that the rotations of
the tetrahedra groups occurs preferentially aroundcktaeis.
Wave number (cm™) Probably this kind of behavior is common, in a greater or
o lesser extent, to the othek,BX, incommensurate com-
FIG. 9. Temperature dependence of #fgz)x Raman spectrum  pounds since they exhibit orientational disorder effects above
showing the bands associated with the internal stretching modes.-|-I . The difference in the frequency of the peaks associated
.. with the v, mode observed in different diagonally polarized
It must be observed that the appearance of additionalyecra presents a discontinuous decrease at the incommen-

modes n the Incommensurate phage QSKQ-type COM- " “surate phase transition and jumps practically to zero at about
pounds is compatible with the triplication of the unit cell T

which occurs in the commensurate phase. The absence f1:165 K (IIl-IV phase transition. These discontinities
P ) e also observed in the temperature dependence of the

extra internal modes in the incommensurate phase of thgam ing constants, suggesting that the orientational disorder
Cs,HgBr, should be related to the fact that there is no super- pIng » SUgy 9

structure in the commensurate phase, belaw Another starts to decreas_e_ below and disappears only below the
possible explanation is the important disorder effects thalL”'IV phase transition. .
partly obscure the validity of the theoretical predictions. On the other hand, a TO-LO splitting of the mode
Figure 9 shows the temperature dependence oftpg)x ~ aPpears afr,, increases in the incommensurate phase and
spectra between 224 and 238 K. The lock-in phase transitiofemains practically constant beloW . The polar character
at 232 K manifests itself by the increase of the intensity ofof this mode belowT¢ is incompatible with the centrosym-
the v, mode and the appearance of a new mesee Fig. 8. metric structures proposed for the low-temperature phases.
Note that now, the’; mode is allowed by group theory in the Probably, this result is related to the existence of a macro-
(xy) and (y2) spectra. The particular increase in thepeak  scopic electric field along thg direction associated with
intensity in the yz) spectra can be related to the fact thatlayered structure of domains perpendiculaztdirection.
(y2) quadratic function belongs to the identical representa-
tion below the lock-in transitiorisee Table ).
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