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Raman scattering study of SbSBr at high pressure

M. K. Teng, J. F. Vittori, and M. Massot
Laboratoire de Physique des Sohdes, Universite Pierre et Marie Curie, T13 E2, 4 place Jussieu,

F-75252 Paris CEDEX 05, France

S. Ziolkewicz
Laboratoire d'Ultrasons, Universite Pierre et Marie Curie, T13 E1, 4 place Jussieu,

F-75252 Paris CEDEX 05, France

A. Polian
Physique des Milieux Condenses, Universite Pierre et Marie Curie, T13 E4, 4 place Jussieu,

F-75252 Paris CEDEX 05, France
(Received 13 May 1988; revised manuscript received 11 October 1988)

The vibrational properties of the quasi-one-dimensional crystal SbSBr have been studied by Ra-
man scattering as a function of pressure up to 21 GPa. Compressibilities parallel and perpendicular
to the chain axis were measured by a microphotographic technique. This pressure study on one-

dimensional crystals shows the very high stability of this structure. It also shows that the high-

pressure behavior of the modes helps in the identification of the modes symmetry.

I. INTRODUCTION

Antimony sulfobromide SbSBr belongs to the V-VI-VII
family, which has been intensively studied during the last
three decades. ' ' At room temperature and zero pres-
sure it has the same orthorhombic structure Pnam (Dzh )

as antimony sulfoiodide and, like this crystal, has a chain-
like one-dimensional (1D) structure. Its crystallographic
parameters at ambient conditions are a =8.26 A,
b =9.79 A, and c =3.97 A. " This family of crystals is
known to undergo a displacive ferroelectric phase transi-
tion at low temperature ' the transition temperature of
SbSBr, still being controversial, ' ' ' is between 22.8
and 90 K.

In the paraelectric phase, SbSBr crystallizes in the Dz&
space group and in the Cz„space group in the ferroelec-
tric phase. In both phases, there are four formula units
per unit cell, leading to 36 normal modes out of which 18
are Raman active in the paraelectric phase and 33 in the
ferroelectric phase.

In this paper, we will be concerned only with the high-
temperature paraelectric phase. In this structure (Fig. 1)
two formula units are strongly bound and form the cen-
tral chain, which is weakly bound by van der Waals in-
teraction to the other two. It was tempting then to de-
scribe the vibrational properties of this class of crystals
using a simplified unit cell (C2& space group) containing
only the central chain. In this description, there are only
six atoms in the unit cell and thus 18 normal modes, nine
of them being Raman active. ' Table I shows the correla-
tions between the symmetry of the normal modes in these
two structures, together with the corresponding activities
(Raman, infrared, or silent) of the modes. The (formal)
change from the one-chain to the two-chain description
results in a folding of the Brillouin zone in a direction

perpendicular to the c axis, similar to the Brillouin-zone
folding in the layer compound GaSe, when one goes from
a one-layer polytype (y) to a two-layer polytype (e) and
again to a four-layer polytype (5). ' Such a description
of SbSI-type crystals results in the apparition of Davydov

S B
FICx. 1. Structure of SbSBr perpendicular to the c axis. The

upper atoms are at a position —in units of c and the lower ones

at —.1
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TABLE I. Correlation chart between the D2& and the C&z

space groups. Representations are given with the correspond-
ing activities: R, Raman; ir, infrared; ac, acoustical; S, silent.

spectra as a function of pressure in a diamond-anvil cell
(DAC). The results will be presented in Sec. III and dis-
cussed in Sec. IV.
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The Raman-scattering experiments were carried out in
the backscattering geometry using a triple-monochro-
mator spectrometer and approximately 50 mW of the
676.4-nm line of a krypton laser.

The DAC was of the Block-Piermarini type. ' The
pressure-transmitting medium was a 4:1 methanol-
ethanol mixture and the pressure was measured using the
linear ruby Auorescence scale with a pressure coefticient
of —7.56 cm ' GPa

SbSBr single crystals were grown by the vapor-
transport method. Details of the crystal growth pro-
cedure are reported in Ref. 8. The samples used in the
present experiments were needles =100 pm long and
=20 pm thick, with the c axis perpendicular to the opti-
cal axis of the DAC.

Using the same geometry, the linear compressibilities
parallel and perpendicular to the c axis were measured by
a microphotographic technique. In this set of experi-
ments, it was not possible to differentiate the a and b axes
so the compressibility is supposed isotropic perpendicular
to the c axis.

III. RESULTS

doublets, one component of which corresponds to the
zone-center mode of the one-chain structure, the other
one to the zone-edge mode. The Davydov conjugate of
the acoustic modes will be "rigid-chain" modes, which
correspond to the zone-edge acoustic phonons of the
compound with one chain in the unit cell. Up to now, al-
most all the interpretations of the Raman studies and all
the lattice dynamical models have been performed on the
one-chain structure (Czz space group). ' ' ' This is the
reason why there are still controversies in the attribution
of the modes.

In a previous paper, zero-pressure Raman spectra of
SbSBr were compared to those of SbSI, BiSI, SbSeI, and
BiSeI. Furman et al. ' have investigated the Raman
spectrum as a function of temperature through the fer-
roelectric phase transition, and as a function of the I-Br
atomic substitution. More recently, Inushima et al. ' '
measured again the Raman spectra as a function of tem-
perature, and their data were interpreted using lattice-
dynamical calculations. In the latter experiment, soft-
mode behavior was observed at the phase transition.

In this paper, we present the effect of pressure on the
Raman spectrum of SbSBr. The pressure is a good ther-
modynamical parameter since it only varies the intera-
tomic distances. In 1D crystals, the interchain space will
take most of the compression, so the modes which are
driven by the van der Waals interaction will be much
more affected than the other ones, and thus will be dis-
tinguished by their pressure derivatives.

In Sec. II, we will briefiy describe the experimental
procedure to measure the compressibility and the Raman
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FIG. 2. Full Raman spectrum at various pressures showing
the pressure dependence of the phonons.

Raman spectra were performed up to 21 GPa in the
frequency range from 5 to 360 cm '. Because of the
depolarization effects due to the stressed diamond anvils,
polarization measurements were not, performed. More-
over, the band gap of SbSBr shifts to lower energy under
pressure, so the crystals become more and more opaque
to the laser light and no Raman spectra were obtained
above 21 GPa.

Figure 2 shows the complete spectrum at various pres-
sures. Some features in these spectra can be pointed out.

(i) In the low-wave-number region of the spectrum, the
intensity of the mode at 61.5 cm ' at P =0 decreases
with increasing pressure and the relevant phonon is not
observable above 5 GPa.

(ii) The high-wave-number component of the doublet
78.5-82.5 cm ' at P =0 is not observable above 6 GPa.
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FIG. 3. Pressure dependence of the observed lines.

TABLE II. Pressure coefBcients of the observed Raman-
active modes.

Wave numbers at

P=0 (cm ')

Pressure coe%cients
1 Bco

(
3 ))

co BP

43.6
61.5
78.5
82.5

119
148.5
173
232.5
264
266
322

159
143
41
50
19

—12
8

25
16
20
4.3

(iii) At room pressure a broad band between 200 and
300 cm ' cannot be resolved into individual peaks. High
pressure splits it into at least three separate components.

(iv) The width of several peaks decreases with increas-
ing pressure and the wave number of the peak at 148.5
cm ' (P =0) first decreases with pressure up to 5 GPa.
and then increases again.

The variation with pressure of the individual modes is
summarized in Fig. 3 and Table II.

In orPer to compute the Griineisen parameter of the
modes, the compressibility is needed. The linear
compressibilities parallel and perpendicular to the c axis
were measured by the method described in (he preceding
section and the results are shown in Fig. 4. The mechani-
cal anisotropy of this crystal is very strong since the ini-
tial compressibility parallel to the c axis is about 2 orders

of magnitude smaller than that perpendicular to c.
Moreover, for pressures above = 10 GPa, the linear
compressibilities parallel and perpendicular to the c axis
have the same value, i.e., the crystal become more isotro-
pic when pressure is applied. '

The room-pressure cornpressibilities are

1 Bc =4.5X 10 GPa
c a~,
1 Ba
a 'dP

=2.5 X 10 GPa

IV. DISCUSSION

As in all low-dimensional crystals, the differences in in-
teratornic forces is expressed by the large anisotropy of
the linear compressibilities perpendicular (van der Waals
forces) and parallel (ionico-covalent forces) to the chain
axis. The pressure dependence of the compressibilities is
also characteristic of low-dimensional crystals: the
compressibility of the strongly bonded molecular units
(intrachain in 1D crystals, intralayer in 2D crystals) is al-
most pressure independent, whereas the compressibility
of the intermolecular space, which is very large at am-
bient conditions, decreases very rapidly under pressure.
The high-pressure values of both linear compressibilities
are of the same order of magnitude. This change of the
relative magnitude of the intramolecular and interrnolec-
ular restoring forces does not bring about any phase
transformation and, on the contrary, shows the remark-
ably high stability of these compounds.

FIG. 4. Pressure dependence of the relative deformations of
the chaj.ns. Points are obtained at increasing pressure, open cir-
cles at decreasing pressure. The lines are guides for the eye.
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The consequence of this behavior for the lattice modes
is that, at low pressure, one should be able to easily
discriminate the phonons whose frequency depends main-
ly on the interchain interactions from those depending on
the intrachain interactions. This can be viewed in Fig.
3. Considering the pressure dependence of the modes, it
is to be seen that two are interchain modes: o. =43.5 and
61.5 cm ' at P =0, whereas the others are mainly intra-
chain modes. The pressure coefficients of the modes are
also summed up in Table II, where it is to be seen that
the two low-wave-number modes have pressure
coefficients about 1 order of magnitude larger than that
of the other modes.

Some features should be discussed here.
(i) The intensity of the low-wave-number mode (o =60

cm ' at P =0) decreases regularly with pressure. This
fact may be related to the pressure dependence of the po-
larizability of the bonds involved in this phonon.

(ii) The two components of the doublet at 78.5 and 82.5
cm ' at P =0 both assigned by Inushima et al. ' to B,
are parallel when plotted as a function of pressure (Fig.
3). Such behavior may only be understood if the restor-
ing forces involved in both modes are almost the same.
Unfortunately, no lattice-dynamical model' ' shows the
displacement pattern for these modes.

(iii) The two modes at 119 and 148.5 cm ' at P =0
show an anticrossing around 10 GPa. The upper mode
has a negative pressure coefficient [see point (iv)] whereas
the lower mode has a positive one. These two modes are
assigned as A . The fact that they repel each other
confirms the assignment of both modes to the same sym-
metry.

(iv) The pressure behavior of the mode at 148.5 cm
at P =0 is surprising: at low pressure its initial slope is
negative. Such behavior can correspond either to an in-
crease of interatomic distances or to a weakening of the
restoring forces. If the attribution is right, this mode is
A, ' where the bromine atoms are almost at rest and the
other atoms of the central chain move like a deformable
tetrahedron with rigid arms. If the interatomic distances
were increasing with pressure, this would certainly aA'ect

other modes, so one can infer that the displacement pat-
tern of this mode destabilizes the structure, and so the
frequency decreases down to the point where the A
mode interacts with the A mode.

(v) Between 200 and 300 cm ', the room-pressure
spectrum shows a broad band which cannot be resolved,
even at low temperature. ' On the other hand, the appli-
cation of pressure shows that there are at least three
peaks hidden in this band. One of them can be extrapo-
lated at 232 cm ' and the other two at approximately
264 and 266 cm ' at P =0. It is naturally dificult to
determine the symmetry of these modes; nevertheless, it
is to be seen in Fig. 3 that the slope of the mode at 322
cm ' (P =0) which is unambiguously A (Refs. 14 and
16) increases when the mode at 266 cm comes closer,
so it should alsobe A .

It is not necessary to put forward any phase transfor-
mation to explain these properties because the relative in-
tensity of the modes evolves continuously with pressure.

Finally, the complete set of modes observed by the

TABLE III. Recapitulation of the Raman modes observed by
various authors.

cr (cm ')

43.5
47
61.5
78.5
82.5

119
136
148.5
173
217
225
232.5
264
266
315
322

Symmetry C2h

a, c

Ag
a, c

g

Bg'
a, c

Ag'

Ag'-Bg'

Bg'
Bg'
Ag or Bg'

Ag'

Symmetry D2I,

B,~ or B,g
Ag

B,
B,

B,g

Ag

B,g
B&~ or B,g

'Reference 14.
Reference 16.

'Present work.

various groups is shown in Table III, with the attribu-
tions of Furman et al. ,

' Inushima et al. ,
' and the

present work. One point is very striking in view of this
table: there are only nine modes which are observed by
at least two groups. This is a very strong indication that
in SbSBr, as in all the low-dimensional crystals, crystal-
line imperfections play an important role. It shows that
the Czl, space-group description is almost valid for the
room-pressure studies; the other modes allowed in the
D2& structure may be activated by imperfections. Never-
theless, from the 18 Raman-active modes of the Dz&
structure, 16 have been observed by at least one group.

V. CONCLUSION
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The chainlike crystal SbSBr has been studied by Ra-
man spectroscopy under high pressure, the compressibili-
ty being determined by a microphotographic technique.
The main result of this study is the very high stability of
this low-dimensional compound under pressure, stability
which was already established for the layered com-
pounds. The present result shows that pressure is a pa-
rameter which helps to identify the symmetry of the
modes. It also shows that the reduced space-group
description is good under normal conditions, even if the
true one is DzI, . From the 18 Raman-allowed modes,
only two were never observed.
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