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J. Phys.: Condens. Matter 4 (1992) 7515-7520. Printed in the UK 

Raman studies of lattice vibrations in Rb4Lf13(S04), and 
&Li&(s04)4 single crystals 

B Mrozt, M Kaczmarskit, H Kieftef and M J Clouter# 
t me Instilule of Physics, A Mickiewa University, G~nwaldzka 6, 6C-780 Panan, 
Poland 
f Physics Department, Memorial University OF Newfoundland, SI John's, Newfoundland, 
Canada, A1B 3 x 7  

Reai~ed 29 April 1992, in final form 23 June 19% 

Abstrael me Raman scatlenng technique was used to study latlice vibrations in single 
nyslals of &LiHa(SO4)4, from 100 to 295 K, covering their 4-2 sLNctural phase 
transitions. All of the Raman modes of &LiH3(SO& were found not lo be affecled 
by the transition. In lhe case of RbrLiHa(SO4)r a slighl softening of the B mode (at 
31 cm-') was obsetved in the paraelastic phase. 

1. Introduction 

Recently a number of papers have been published on investigations of crystals of the 
general formula A4LH3(B04), where A = Rb or K and BO, = SO, or SeO, [l-91. 
In several of these materials an interesting phase sequence, leading to the appearance 
of ferroelastic phases, was reported to occur [1,3,5-71. 

The present authors [6] have reported Brillouin scattering studies of 
Rb,LiH,(SO,), and K,LiH,(SO,), (abbreviated henceforth as RLHS and KLHS, re- 
spectively). Both clystals are known to exhibit structural phase transitions from the 
tetragonal point group 4 to the monoclinic point group 2. From x-ray investigations 
[10,11], it was found that RLHS and KLHs are homo hic and belong to the space 

respectively. 
For a phase transition to be ferroelastic, the necessary condition is a change of the 

crystallographic system [12]. This is usually accompanied by the onset of an elastic 
order parameter (spontaneous strain) which, in turn, leads to anomalous temperature 
behaviour of the elastic properties. Such changes have been observed, for RLHS, in 
various different kinds of experiments such as: observation of ferroelastic domain 
structure [7] sensitive to the mechanical stress, and investigations of elastic properties 
using the series impedance method [7], ultrasonic [13,14] and Brillouin scattering 
[5,6] techniques. 

The characteristic feature of RLHS, as observed by the Brillouin technique, was 
incomplete softening of the soft elastic constant ch [5,6]. A theoretical model, 
given by Mroz et a1 [6], was based on the Landau expansion of the primary (el-e,) 
and secondary (e6)  order parameters with additional coupling to the spontaneous 
polarization P,. This model explains both (1) the crossover behaviour of the function 
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group P4, or P4, with Z = 4, a = 7.623, 7.403 2 and c = 29.483, 28.725 84 
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PJT) characterized by a change from linear dependence, in the ferroelastic phase, 
to quadratic in the paraelastic phase, and (2) the incomplete softening of c2. at T, Y 

130 K. 
In the case of u s ,  ferroelasticity was not confirmed and the only indication of 

a phase transition was a slight change in slope of the velocity of L phonons versus 
temperature at T, Y 115 K [4,6]. 

,& is well known, coupling between the soft acoustic and optic phonons may 
involve a temperature anomaly, around T,, for the optical mode of the same symmetry 
as predicted by group theory [15]. Such behaviour was observed for several ferroelastic 
phase transitions [16-211. 

The present investigation was undertaken to: (i) determine whether the transition 
in RLHS is the proper one according to the classification proposed by Toledano er 
al [22] or whether an order parameter other than spontaneous strain is involved, 
as well as (ii) compare the polarized Raman spectra of KLHS and RLHS in a wide 
temperature range and study the differences in lattice dynamics leading to ‘hard’ 
behaviour of KLHS. 

2. Experimental procedure 

Singlc crystals of u s  and RLHS were grown, at about 315 K, from the appro- 
priate acid aqueous solutions. The samples were prepared in the form of cubes 
( 4 x 4 ~ 4  mm3). The edges of the cubes coaespondcd to the crystallographic axes a, 
b, c respectively. 

The room temperature Raman spectra of the lattice vibrations were recorded in 
the frequency range from 0 to 250 cm-I, using a JEOL JRS-S1 Raman spectrometer 
with 2 cm-’ spectral slit width. The spectra were excited by 488 nm radiation from 
an argon-ion laser at powers oot exceeding 200 m W  

The temperature changes of the lattice vibrations were measured, using a Spex 
14018 Raman spectrometer with an instrumental resolution of about 1.5 cm-1 at 
514.5 nm. The scattered light was detected by a cooled phototube (RCA 31034) 
and processed by a photon-counting system (PAR 1120 Amplifier Discriminator and 
PAR 1109 Photon Counter). The measurements were performed, from 100 to 295 K, 
using a liquid-nitrogen cryostat as described in a previous paper [23]. The sample 
temperature was regulated with a THOR Cryogenics (3010 11) controller to a stability 
of k0.03 K 

3. Results and discussion 

3.1. Room temperature spectra 

The Raman tensors for the tetragonal point group 4 are 

( a  a b )  (! 1 )  (I 1 !) (if ;) 
A(z) B E(x) E(Y) 
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Thus a combination of three scattering geometries allows for classification of all 
Raman lattice vibrations into the symmetry species A, B and E. These sets of polarized 
Raman spectra for both KLHs and RLHS are given in figure 1. The Port0 notation 
ki(ei ,  e$, was used, where ki and ks are the wave vectors and e; and e, are the unit 
vectors in the polarization directions of the incident and scattered light, respectively. 

The isomorphism of the materials, as postulated from the x-ray studies, is reflected 
in the Raman spectra. The spectra presented in figure 1 differ from each other, 
sometimes considerably so, especially for those of E symmetry. These differences are, 
however, not of primary importance and for the most part involve changes in the 
intensity ratios of the neighbouring peaks of the same symmetry. A general tendency 
is a 10-20% increase in the frequency of all lattice vibrations obselved for KLHS 
relative to RLHS. This is reasonable when taking into account the difference in masses 
of K and Rb atoms. Additional Raman bands appear at 181 cm-' for KLHS and 
170 an-' for RLHS in the Z ( Y Y ) X  and Y ( X X ) Z  geometries indicating that they 
may belong to A or B symmetry species. 

Pairs of corresponding modes of the A, B and E symmetries for KLHs and RLHS 
have been collected in table 1. Tdbk 1 also contains the ratios of the frequency 
pairs vRLHs/vKLHs This ratio varies from 0.74 to 0.92 and may be understood as a 
mcasure of the contribution of the K or Rb sublattice vibration to a given normal 
vibration. 

Table L Frequencies (in cm-l) and symmetry species of the Raman latlice vibrations 
in K&LiHa(SOI)I and RbtLiHS(SOc)< at mom temperature: p = URLHS/VKLHS. 

A B E. 
Mode KLHS RLHS p KLHS RLHS p KLHS RLHS @ 

U1 25 19 0.76 21 17 0.81 37 23 0.76 
Y 38 42 31 0.74 48 38 0.79 
U3 57 52 0.91 60 49 0.82 66 50 0.76 

U5 88 74 0.84 104 94 0.90 115 98 0.85 
vg 117 99 0.85 123 107 0.87 165 IS1 0.92 
UT 181s 17P 0.94 150 124 0.83 
U 8  181' 17P 0.94 

U4 n 63 0.82 78 63 0.81 78 60 0.77 

A or B symmey species 

It is worth noticing that for KLHS the polar modes of A and E symmetries are 
better separated than those of RLHS. This may be due to the higher dispersion of 
the TO and Lo mode frequencies, which occurs when long-range forces are favoured 
over short-range ones 1241. Such dominance of the long-range forces may well be 
the lattice-stabilizing factor, making the formation of the ferroelastic phase in KLHS 
difficult or even impossible. 

3.2. Temperamre dependence investigarions 
Temperature investigations of the lattice vibrations of RLHS and KLHS were carried out 
from 100 to 295 IC Most of the observed modes, including all of those of E symmetry, 
were found to be independent of temperature, over the entire temperature range. For 
a few modes, namely, A (v5, v 6 )  of RLHS and A (vg,  us) and B (v5, us)  of KLHS, a 
linear increase in frequency (6 to 9 cm-l) was found, while lowering the temperature 
from 295 to 100 IC No frequency changes were noted at T,. 
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KLHS 

Flgum 1. Polarized Raman speclra of &LiHJ(SO,), and RbrLiHs(S0,)r single crystals 
(T = 295 K). 
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Fkum 2. TPmperature dependences of frequeocy "2 of the B mode in RbrLiHs(SO& 
(closed dots) and the relarive inlegrated inlensily (open dots). 

The symmetries of the Raman modes, however, change at T, according to the 
correlation diagram of the 4-2 phase transition. The A and B modes of the tenago- 
nal phase become those of A symmetry of the monoclinic phase, whereas the doubly 
degenerate E modes become those of B symmetry. 

By applying group theory, it was shown [15,26] that the 4-2 transition may be 
driven by the instability of the B symmetry optic mode in the prototype phase 4. In 
fact, in the case of RLHS it was found that v, (B mode at 31 cm-') was dependent 
on temperature. The frequency of this vibration changes very little between 295 and 
230 K but then falls to 27 cm-I at T, = 130 IC Below T, this mode becomes a 
vibration of A symmetry with its frequency constant down to 100 K Moreover, it was 
found that the relative integrated intensity (with respect to that of v1 of the same 
symmetry) of this mode was strongly dependent on temperature, showing a step-like 
increase at 130 K upon lowering the temperature. This was accompanied with an 
approximately 20% decrease of the full-width-at-half-maximum FWHM linewidth at 
T,. Both the frequency and relative intensity of this mode versus temperature are 
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shown in figure 2. The observed softening of the v2 mode is relatively weak when 
compared to the temperature dependence of soft Raman modes in other ferroelastic 
materials. For example, the soft optic mode in BiVO, decreases from 45 to about 
30 cm-1 at Tc, in the temperature range of the paraelastic phase [17] corresponding 
to the softening of RLHS. 

Another Raman mode of RLHS affected by the transition is v, of symmetry B 
(at 94 cm-I). The frequency of this mode is linearly temperature dependent in the 
paraelastic phase and then abruptly increases from 97 cm-I, at Tc, to about 100 cm-I 
at la0 IC Because of high inaccuracy in the measurements, due to low intensity and 
large linewidth at low temperatures, vs versus temperature was not plotted here. 

4. Summary 

Preliminary Raman studies of the low-frequency optic phonons in KLHS and RLHS 
are reported. From room temperature spectra of different geometries, it may be 
concluded that the crystal lattice of KLHS is dominated by long-range forces and may 
be a reason for its ‘hard’ optical and acoustical behaviour. The phase transition did 
not appear to exhibit any effects on the KLHS Raman modes. 

In the case of RLHs, it was found that two modes of B symmetry in the paraelastic 
phase showed some critical behaviour. The most interesting is the band at 31 cm-’, 
which showed slight softening while approaching T, from above. In addition, the 
relatively low value of the vms/vU, frequency ratio for this mode (see table 1) 
may indicate a contribution of the Rb sublattice in the formation of ferroelasticity. 

From the results obtained, the  phase transition in RLHS, which is characterized by 
incomplete softening of the acoustic and slight softening of the optic modes, may be 
classified as intermediate between BiVO,, on the one hand, and LaNbO, 127) on the 
other. In the former case, Pinauk el a1 [17] obselved very strong coupling between 
a distinctly soft optic and a completely soft acoustic mode, whereas the latter case is 
an example of a ferroelastic phase transition with no soft optic mode. 

Acknowledgments 

One of the authors (BM) would like to express his gratitude to the faculty and staff 
of the Department of Physics at Memorial University of Newfoundland for their 
hospitality during his stay in St John’s. In particular, thanks are due to Professors 
N H Rich, for use of his Raman spectrometer, and T Krajewski for kindly providing 
the crystals grown in his laboratory. 

References 

111 KrajewsU T Breaewski Z Piskunowicz P and Mroz B 1988 81h Czecharlosak-Polirh Semmar on 

[2] Minge J and Kiajewski T 1988 Pbyx Srufur Solidi b 109 193 
[3] Polomska M and Smutny F 1988 P/zy$. Stunts Solidi b 154 K103 
[4) Mmz B and Laiho R 1989 Pkys, Srurus Solidi a 115 575 
(51 Mmz B, %q&U J A, Kiefte H and Clouter M J 1989 J .  Phys: Condm, Matter 1 4425 
[h] Mroz B, Kiefte H, Clouter M J and T b s y b k i  J A 1991 J .  Phys.: Condm. Maner 3 5613 

Smrcfural and Perrceladc Phaw Tramition (Smohrabj 1988) unpublished 



75m B Mroz et ai 

Wolejko ?; Pakulski G and WlcqAski Z I988 Fenoelnm~w 81 1979 
Pmslawski J, Glazer A M and Czaspla Z 1990 Solid Slue Commun 74 1165 
Piskunowin P, Breaewski T and Wolejko T 1989 Phys, Sfatus Solidi a 114 505 
Pielraszko A and Lukaszewin K 1988 2 Krisldogx 185 564 
Zuniga F J, Mebarria G, Madariaga G and Breuewski T 1990 Acra C!)smUogx C 46 1199 
Wadhawan V K 1982 P h a  iransirions 3 3 
Hempel H, M a c k  H and Sorge G 1988 Phys Slaw Solidi a 110 459 
Breczewski ?; Goma-Cuwas A and Perez.Mato J M 1990 Solid Slale Cammun 76 639 
Smll 1 F 1983 Light Scaum'ng Near Phase Trnnririons ed H 2 Cummins and A P Lmanyuk 

Fox D I ,  Scott J F and Bridenbaugh P M 1976 Sdid Slate Commwr IS 111 
Pinuuk A Bums G and Dam1 F H 1977 Solid Stale Commun 24 163 
Sekime ?; Takayama M, Uchinokura K and Mauuura E 1986 1. Phys. Soc. Japan 55 3903 
Rapiu C, McGreey R 1 and Seguier D G 1989 Pkys RN B 39 7996 
Hahn Ch and Unruh H G I991 Phs.  Relr B 43 12665 
Raptis C and Mdjreevy R L 1991 Pkys, Rev B 43 12668 
Toledano P, Fejer M M and Auld B A 1983 Pkys. Re&! B 27 5717 
Mmr B. "yriski J A, Kiefle H and Clouler M 1 1987 Fhys. RN B 36 3745 
Lnudon R 1964 Ad\: Ph)ts 13 423 
Birman J L 19% Phys. Rev Lea 11 1216 
Janovec Y Dvorak V and Pctzell J 1975 Czeck J .  Pkys. B 25 1362 
Wada M, Nakayama Y, Sawada A, Tsunekawa S and lshibashi Y 1979 J .  Phys Soc. Jopan 41 1575 

(Amsterdam: Norli-Holland) 


