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FERROELASTIC I..ICSS(J4 CRYSTAL : A STUDY ON STRUCTURAL PHASE
TRANSITIONS FROM RAMAN PHONON SPECTRA

et

. S.Devanarayanan ; Gerardo Morell ; R.S.Katiyar

Department of Physics, University of Puerto Rico,
-~ San Juan. PR-00931, UsA

Parmanant addr‘asa

 Department of Physics,
University of Kersla -
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ABSTRACT

- Temperature dependent fir'at ordar Raman Spectra wers recorded
on lithium cesium ‘sulphats _[LiCsSo] single crystel to study phase

'transitiona. The Z(XX)Y - end 2Z(XZ)Y geometries of scattering wére
. examined in the temperature range:30 to 290 K at 25 different tempsra-~
tures, Both low and high frequency Raman modes exhibited variations
~in either: frequency or intensity of both with temperature. We observed

the crystal to change its D%g Normal (N-) phase at 202 K (Tp)
and ageain at around 160 K (-TG) to the C-phase (Commensurate)
belonging to the Cgh symmetry of the crystal. The present _‘_._study
could - identify the I-phase (incommensurate phase) to occur between
'1‘I and TC; and ii;at this phase '"locks-in" at the TC' The 'l‘lattice
phonon at 44 cm appearing below the TC was found to .soften

with temperature till 30 K. This strongly suggests an "unlocking"

“ type third phase transformation in the crystal at a still: lower

~ temperaturs, ; : : leam
' INTRODUCTION i L

During the past 15 years a growing interest in incommensurate
crystal phases has developed. Besides structural investigations,
a lot of work has been devoted to the study of lattice ‘dynamics
of crystals by means of light scattering. When a given ‘crystal
has two or more: phase transitions, these transitions . should bs
investigated (not individually) collectively or in recogmition of
them as a system of inter-related events (AIZU, 1978). A phase
transition that results from the appearance of either the occurrence
of -a soft mode behaviour or the appearance of new modes as ons
" passes through it can be probed by means of Raman Spectroscopy
(SCOTT, 1974; BALKANSKIT, LEITE & PORTO, 1976). Howsver, study
on- the re-distribution of Raman intensity of degenerate polar modes
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emong . different polarization configurations is another approach (which
is not limited to the observation of mode frequency variation) heas
been utilized by some authers.

: As 1s experimentally known L C S undergoes two phase
transitions at 202 K and 160 K. At room temperature (N-phase)
it Dbelongs to orthorhombic with space group Pcmn a = 9,456 (1),
b = 5.456 (1), c = 8.820 (3), A°® and Z = (ALEKSANDROV, Tha
N-phase undergoes a transition to .the I-phase at the T, of 20%
K. Below the TC‘. (160K), in the monoclinic C-phase a = 9,379 (2),

b = 5.423 (%% =98 834 8 VA 80%s (1), Z = &, p 112, /n
(CZh) Analysis of the structure da’ta mdicates that the phase transi-
tions involve ordsring of tetrahedral SO _groups. A 'negative’' anomaly
in thermal expansion along the. C- axia at the TI was dstected in

the crystal. The absence of a latent heat of transition.'.tha- nature
of the specific heat anomaly (discontinuity), and the structure
data indicate the transition at the 'I‘I to be a second order. The

I-phese i8 ferroelastic. A temperatura variation of Lithium ions
@n the nmr spectrum established further the transiiion at the TI

{HOLUJ, 1885). Some preliminary rssults hersin have already besn
presented by us elsewhsre., DEVANARAYANAN, 1991 b, c). So f{ar
only one work on the -vibrational study in LCS has bsen reportsd
{REGHUNATHA CHARY, et al 1985). :

BXPERIMENTAL

Single crystals of LCS of optical quality were grown at
303K in a constant temperature bath by evaporation of an agueous
solution prepared' in the stoichiometric ratio of AR quality Li SD .H, 0O

4302
end 032504. X-ray diffraction was used +to Iidentify the crystal

axes,

stokes-shifted polarized first-order Raman spectra were
" obtained with an Argon 164 - ion laser working et 614,5 nm as
- the source and a Spex Industries double-grating monochromater which
is locally mudifiad by holographic gratings.

Spectra were recorded in the range 30-290K at .25 different
values. Frequency calibration was achisved by measuring the attenuate«-ll
Rayleigh line for each spectrum. A spectral -resolution of 1.5 cm

was used. The sample was mounted  in & DMX-1E Vacuum - Shroud -

end using a Displex Modsl 4Ha closed-.cycie refrigeration system
(CSA - 202 E). The temperature was monitored in the range by

- 10
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a digital temperature controller unit, and tho stability in tomperature
was at 0.5 K.

SPHCTRAL DATA ANALYSIS AND RESULTS

The ospectra of the crystal were obtained for the Z({(XX)Y
and Z(XZ)Y¥ configurations of scattering at the varlous tempsraiures.
The spsctra and ths relationship bstween tha directions and polari-
zations of Ki, Ks & Kp aro reproduction in [Fig.l1 and [fig.2,, respocil-
vely, for the Z(XX)Y and Z(XZ)Y geometries. It is Kknown f{rom group
theory that the normal vibrational modes of a f{ree sulphate icn

(So } of 'I‘cl symmetry belong to the species.

[t S B : 1
with enocigies at 980, “450, 1104 and 620 cm ~, respe ctuolzr In

the li-phasp of the LCS crystal the site symmetry of ihe ac ion
is CG:'__E_md-'_ all degeneracles are removed ‘due to:static fisld splxtting.
end these vibrations aro called "internal" ones. In the Dig phase,
a factor group analysis gives o total of 84 modes of vibration.
Of these, internal vibrations contribute for 36 whoereas tho lattico
(oxternal) modes of libratory type ({of SQ4) phonons give 12 and
t,-:analatory phorons constifute 33 modss., In this AB' 1g’ DZB and
838 apcciuu -ara. oxpegted to appeav as Ruman modes in the appropriate

: scatterlno geome;rieu. In its monoclinic CZh phasa ‘the Raman phonons

_a_xtiecte&_ am_!\g and BL species.

The high energetic Raman active phonog seen in the specira
arca V, <.3016 ca™l, V, = 465 cml, Vg = 1120 om’ ead V, =
627 .cm'l._, Theso are the internal vibrations due to the relative

motions of the ‘constitutent atoms of the 804"2 ion which has strong
bonding compared to the bonding between lattico points. vi“" identified
as tho asymmsirical stretching mode and V, the. symmeirical bending,

wheroas the totally symmetric stretching 8-~0 vibration is \e'3 and
4. This assignment which agress
woll with the rosults reported in tho literature (REGHUNATH CHARY,
et al, 1985) is based on the obsarvation that these differ not much

from the free-lon wvalues for Td symmetry for the Soi mentionsd

asymna:.ri-..al bﬂnding mode 1is

earlier,

i3
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Prominent among the various lattice frequencies observed
in the spectra are the six modees at 455, 400, 109, 63, 50, and

44 cm™L,

2 -2

V4 (cm ") = 377856.5 41.6 {T-Tc}

Of the lattice modes the bne at 44 crr.(-l {Vo) is of sgpecial

interest to us. In the C-phase this mode with XX polarization obeys
the equation ' :

V(T) (em™ ) = 31,7 + 0.0022 (T-30) + 0.00023 (T-30)2.

The linear dependence of Vo - LDl oned Jpre_dicts a possible third

structural phase transition of '"unlock-in" type in the crystal at
a tempsraturs Tu below 20K. This mode Vo is identified as a ‘'soft’

mode in the crystal. Fig.3 reproduces both the freguency and intensity
varietions with T of tlie soft mode Vo in its XX polerization,

CONCLUSIONS

In lthium (Cesium sulphate crystai the present study on
the Reman spectra revealed the lock-in of the incommensurate (I-)

phass at ths TC ol 160K as a change in frequency of the low
energetic lattice modes at 44 cm-l and 50 cm"" end ‘of the internal
phonons Vl' VZ' Va and V4. The phase transiticn at the TPI of

202K is clearsly obs&rved as changed in the frequency of the phonons

at 109 and .400 cm as well as all the four internal modes. The
most important re:_s.ult of the study is that the lowest frequency

optical phonon at 44 cm © in the crystal has the features of the
soft mode, and this predicts a possible phass change in the crystal
at an "unlock-in" transition temperature, Tu below 20K,
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