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FERROBLASTIC LICSS04 CRYSTAL : A STUDY ON STRUCTURAL PHASE
TRANSITIONS FROM RAMAN PHONON SPECTRA

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

Department of Physics, University of Puerto fUco,
San "Juan, PR-00931, USA

* .
Permanent address:

-.

ABSTRACT

'. Department of Physics,
University of Kemla

Thiruvananthapuam-695 581',INDIA

" . Temperature dependent fire;t".order Raman Spectra were recorded
on lithium cesium 'sulphate (LiCsS04) . single crystal, to study phase

.. , \' ' .. 1

transitions. The Z(XX)y·· and Z(XZ)Y geometries of scattering were
;' examined in the temperature' range. \,30 to 290 K at 25 different teri1pera-... ~

'<i' tures. Both low and high frequency Raman' modes exhibited variaqons
in' either' frequency or intensity of both with' temperature,' We' obse~ed

, 16; ,
the crystal t~ change its DZh Normal (N-.> phase at 202, K,( TI)

and again at around· 160 K tTc) to the 8-phase (Cornm'ensurate)
'. 5 " ; .

belonging to the 'CZh . sym metry, of the crystal, The present ~?tudy
could' identify the I-phase (incoin mensurate. phase) to occur: bet ween

TI and TCi and :~at thisphas'e "locks-in" at the TC' The \~ttice
phonon at 44 cm appearing below the TC was fOlmd' to· ,.soften
with temperature till 30 K, This strongly suggests an "unlocking"

[; type third phase transformation 1n the crystal at a still:. lower
., ,;L ,:. temperature, ., 'i

INTRODUCTION
; .•..

,During the past 15 years a growing' interest in incommensurate
crystal phases has developed, Besides' structural invest!\gations,
a lot· of work has been devoted' to the study of lattice ?Glynamics
of crystals by means of, light scattering. When a given,: crystal
has . two or more" phase transitions, these transitions _,shbuld be
investigated (not individually) collectively or in 'recogn:(.tlon of
them as a system of inter-related events ·(AIZU, 1978), A phase

. ,transition that results from. the appearance of either the occurrence
, . ," J

of' a soft mode behaviour or the appearance of new modes 8S one
passes through it can be probed by means of Raman Speotroscopy
eSCOTT; 1974; BALKANSKIT,LEITE '6 PORTO,' 1976), Howev'er\ study
on' the re-distribut1on of Raman intensity of degenerate polar. modes

9
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PRO.KAS S.DevODarayan at.al • , \

• mong ,different polarization confi8ur~ion8 1s another approach ( w~1ch
'Is not limited to the obear,vation of~ mode frequency variation) nas
been utilized by sOllle authors.

As is experimentally known L C S undergoes two phase'
transitions at 202 1< and 160 K. At room temperatUr,e (N-phase)
it belongs to orthorhombic with space g,roup pcmn a '.= 9.456 (1).
b = 5.456 (1), c = 8.820 (3), AO and Z = (ALEKSANDROV, Tho,
N-phase undergoes, a transition to. the I-phase at the TI of ZO:r',
~. Below the TC (160K). in the monoclinic C-phase a = 9.379 (2)"

, 0 '0
b = 5.423 (1), c = 8.834' (3) A , r •• 89 d5 (1), Z = 4, P 1121/m

(C~h). Analysis of the structure data indicates that the phase tranei

tions involve ,ordering of tetrahedral 504: gro~ps. A' 'negative' ,anomaly

In thermal exp~nsion along the C-ax18 at the T1 was detected in
the crystal. The absence of a latent heat of" transition, ' . the nature
of the specific heat anomaly ( discoFltinul ty) , and the structure
data indicate' the transition at the TI to be a second order. The
I-phase is ferroelas.uc. ,A temperature variation of, Lithium ions

~n the nmr spectrum 'esta bUshed further the transl tion at ,the TI
(HOLUJ, 1985). Som~ preliminary results herein have already, been
presented' by us elsewhere. DEVANARAYANAN,,1991 b, c). So far
only one work on the 'vibrational' study In ,LCS has been reported
(REGHUNATHACHARY, et a1 1985).

8XPBRIMENTAL

Single crystals of LCS at optical quality were grown at
3031< in a constant temperature bath by evaporation of an aqueous ;
solution prepared' in the stoichiometric ratio, of AR qual1ty U2SO4.H20

and CSZSO4. X-ray, diffraction was used ,to identify the crysta~
axes.

stokes-shifted polarized first-order, Raman s,pectra were
'obtained with an Argon 164 - 101'1 laser working at 514.5 nm as

the source and a Spex Industriesdouble-srat1ng monochromater which
1. lQ.G.aJJymodified by holographic gratings. ''"

Spectra were recorded In the range 30-290K at ·25 'different

values. ,Frequency calJbration was achieved by measuring the attenu8t~
Rayleigh line for each spectrum. A ~pectral, resolution of 1.5 cm
was used. The, sample wa~ mounted In, 8 DMX-1E Vacuum· Shroud

and using 'a D1splex 'Model" "He cloBed~cycle refrigeration' system
(CSA - 202 E). The temperature waB monitored in the range by

·10
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noman Spoctra
r.'·.

o digital temperature controllel' unit,' and tho stability :f.n tGmpeI"oture
was at O. G K.

SPJJCTRAL DATA ANALYSIS AND HESULTS

The spectra of the crystal were obtained for the Z(XX)Y
end Z(XZ)~ confiaurotions of scottorlnB at the val'1ous tempsralures.

;', 'The' :Jpactra and ths relationship between the directions and polm,'i
zat.ions, of Ki, Ks n Kp oro reproduction 1n Flg.1 and r;'i8.2" respocti
V(lly, for the Z( XX) Y and Z( XZ) Y geometries. It Is known fJ:"om 8I"OUP
theory that the normal vlbr-nUonal modes of a free sulphate ien

2- ,

(So -1 ), ot' Td ,sym metry belong to the species.

Ai -:- r:: + 2f 2 . -1
flitn enGt131es at 900, '150, 1104 and 620 em , rcsp8ctiVGlz'_' In
the H.;.phase, of the LCS crystal tho site symmetry of U1El SC2 ion
1s' c ;"and: all degeneracies 'oro, removed \due to'staUc fielcl SpHtU118,

an'q Gt1;~~0' '.·,v:i~b.ratiOns Oll.o, , ~t:llled "lnf,erna:l i, ~n~s. In the D~~ phase,
Q factor .. group amlysis 8i ves a total of 04 modes of vibJ.'otion.
ot these, internal vibrations contribute for 36 whoreas t110 latticD

(external) modes' of libratory type (of . So,) phonons8i vo 12 am.l

tl"tmS,la~o~y p~10nons constituto aa mO~,ea. In ~1~t8 AS' B18' B2[l and

83 ,species 'are, oxpocted to appeal' as Raman modes in the appropriateS .. ' ' .. , . 5 .. " ...
aco.tterl~3 geometries. In ,.ts . monoclinic C2h phase the Ramon Phonona

f~pected a~o:Ag:and Dg spec~eo.

The)' hir,h energGti.c Ramon active phonos· seen In tiiO Gpcctrn.. ' .... -1 -1. -1
orca.V1. =; ;i:91G, ,cm I V2_::465 cm I Va ". l1~O em., and V-1 ::;

621 . em-1. ' ,These aro the internal vibrations due to the !'CIat!vo
" ." ... ,,' \ 2'" .

motions of 'the ',~on6t1tutent atoms of the SOil -.ion wl1i?h has strong

bonding' compared to the bonding betweein' lattice "'points.' viS identif:lcd

08 tho 6sym mea-'leal stcetching mode and V 2 the. sym motrlcal bending,

whereas U10, totally sym metric stretchins 5,:,,0 vibration 16 V 3 and

asymmetrical ~zndins mode Is V 4' This o:ssignment which agress
woll w1th' t'he .rO:3ultG reported In tho literature (REGHUNATH CHARY,
et 01. 1985) i6 based on the observ.ation tho't' these differ not much.
" " 2-
from the fras-ion v3lilea for Tc.l sym l.1'3try for the So4 men~ion6d
earlier •

•
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Prominent among the various lattice frequencies
in the spectra are the six modes at 455, 400, 109, 63,
44 cm -1.

V42 (cm-2) = 377856.5 41.6 (T-T ), ~
r' _,

observed
50, and

I '

Of the lattice modes the ~n~ 'a't 44 cm-1~ (V ) is· of special, 0 .
interest to us. In the C-phase ~hia mode' with XX polarization obeys
the equation . "

2'
+ O.OO~a (T-30) + 0.00023 (T-30) •

The linear dependence of V (T) on T predicts a possible thi.dO· .
structural phase trannlt10n of "unlock-inti' type in the c~ystal at
a temperature T below 20K. This mode V 18 identified as a I soft IU' . 0
mode .in the crystal. Fig. 3 reproduces both the. frequency and intensity
variations with T of ·the soft mode V' in its XX pOlarization.o

CONCLUSIONS

In lithium r;;eslum sulphate crystal the present study on
tho Raman spectra revealed the lock-in of the Incommensurate (1-)
phase at the TC o'l l60K as a change in. frequency of the low
energetic lattice modes at. 44 cm-1 end 50 cm-1 and of the internal

phonons V1, V2, V,3 and V4• The phase. transition at the' TpI of

202K 15 clearely ob ~E).rved as changed in the frequency of the phononsat 109 and. 400 Cl'l as well as all the four internal modes. The
most important re:sult of the study is that the lowest frequency

, . -1
optical phonon at 44 em in the. crystal has the features of the
soft mode. and th Is predIcts a possible phase change i~ the, crystal
at an "unlock-in" transition temperature. T below 20K.u ..
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