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I. INTRODUCTION 

Transitions caused by condensation of zone boundary modes 
associated with rotation of BX8 octahedra occur in a number of 
perovskites ABX 3• It is well established that these phase tran
sitions are caused by the condensation of one or two normal mo
des and these transform like irreducible representations R 25 
and Ms. These both modes represent the rotational vibrations 
of BX 6 octahedra around cubic principal axes. The difference 
between R 25 and M3 is that the R25 represents the opposite 
rotation of the neighbouring BX 6 octahedra along the rotation 
axis, whereas the M3 represents the rotations in the same di
rection. 

f . d 1 f h . . . f I 1 21 One can 1n examp es o t ese trans1t1ons 1n re s. ' . 
Neutron and X-ray structure determinations /3/ have shown, that 
for the phases which have two or more octahedral rotations the 
static displacements of the ions cannot be accounted for by 
the linear superposition of R- and M-type rotational modes 
alone. It was suggested in 111 that for phases in which these 
moaes nave conaensea, st:at.1c a1sp1acemenrs associarea wiLll u1e 
normal mode of X-type are also present. 

A structural phase transition in the perovskite ABX3 caused 
by the condensation of the parallel components of the R- and 
M -modes with taking into account the displacements of A-ions 
corresponding to X-mode has been considered in ref. 141 • 

The purpose of the .present paper is to analyze the structu
ral phase transitions in ABX 3 corresponding to the condensation 
of nonparallel components of R· and M-modes. Such a transition 
is encountered in RbCai<'3 , for example. 

2. SYM-'1ETRY ANALYSIS 

The atomic displacements corresponding to R 25 and Ms modes 
can be described by three-dimensional irreducible representa
tion r 8 (through this paper, the irreducible representations 
will be labelled in accordance with/&/) of the one-component 
star lk 13 1 (the R-point of the Brillouin zone,kR=(rr/a)(I,l,I)) 
and by the one-dimensi~nal irreducible representation r5 of the 
three-component star I k 11 ! (the M -point of the Brillouin zone, 
k 1M= (rr/a)(O,I,I), k 2M =(rr/a)(I,O,I), ksM =(rr/a)(I,I,O)). 
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A . h . 111 f t ,r·1 h. h R d M l s lS s own 1 n paper , or p 1ases ~ w 1c • an -mo< es 
have condensed, static displacements of A -ions associated wi tlt 
a normal n,cJde with wave vector of the X-point are also present. 

In phases, in which the parallel components of the R- and 
M-modes hav'e condensed (ra I 0, ma ~ 0, a= 1,2,3), the displa
cements of A-ions along the axis a take place and they trana
form like the one-dimensional ,irreducible representation r,1 
of the three-component star lk1ol (the X-point of the Brillouin 
znne k1x"" (r:/a) (1,0,0), k2x =(77/a) (0,1,0), kax=(1T/a)(O,O,I)). 

However, if the nonparallel components uf R and M condense 
(;:a f 0, mnf. O,attl ), then the A-ions ::tre displ1ced alnn~ 
the axis of rhe R-type rotation, and these displacements Lran,;
form 1 ike t;he two-dimf~nsional irreducible representati.oq r 10 ,,f 
the star l k lO !. In this case the displacements of X- ion,; de,. 
compat·,i..ed b the disp 1acements of A -ion;:: under the , t P• l. tn , L 
phase tran:"i tions may he described by 12-compClnent. uc.iE:r p.<r ,. 
meter: 
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Follt;\<Ji.ng Land .. w's pb;,~nomeuolog.icdl theory of the ''"''ot,i "nkr 
phnse tram:iti.on, ve expand the free eneri;Y of th~ "f't'·''''l trt 
terms or (r 1 r 2 , r 3 ), (rn 1 , ll':~· m~),(X~.x~.Xi,X~.x{,Xj'lup ,,, 
the foartlt order 

A ~~ 2 ~ 
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i ~j ll" J 
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Each term is constructed so that cubic symmetry operations lur 
ve it invariant. It is assumed that only temperature dependent 
coefficients are a 1,a2 and 

where T:, T~ are, respectively, the critical temperatures of 
(r1,r2 , r 3 ) and (m 1 ,m 2 ,m 3) separately. 

The expression (1) differs from the one used to describe the 
system in which the condensation of R25 ~nd M3 modes takes pla
ce through the inclusion of terms in Xi . 
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The equilibrium state at an arbitrary temperature sh.ould be 
de,termined by the minimization of .F with respect to r i, mi and 
X~, in particular 

. 0 
x.J=---r.m. 

I 2a J I 
(2) 
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So, one can see that a particular set of non-zero components 
of R· and M -modes determines which of various X! have non-

1 
zero values. 

3. PHENOMENOLOGY OF RbCaF3 

The expression (I) for the free energy will be now applied 
to RbCaF~. 

Exper1mental work up to date indicates that it undergoes 
a series of structural phase transitions: the l93K transition 
(O ~ t'n D !~) induced by the condensation of one of the c~m~onents 
of the tnbly degenerated R 25 mode 161 and the SOK trans1t1on 
(D~~ to n1h) induced by the condensation of M 3 mode /7/. In the 
phase below SOK the rubidium displacements along I lOll are 
oh r.<: rvpf'l lfV. 

According to Glazer's notation 191 the successive phases cor-
., .. ~~ ,., r- ~ ..... ....1 . .. , .... "l ....... ~ ....... 1, .......... ~..: ........... 

- - - --- .. ~ ~~o 

50K l93K a a a ---. --
113 

I> :<r. 

Th0 s0Jution 

·---

of (I) corresponding 

·-2J32a1 +Ala 2 

to the above tilt system is 

(3a) 

(3b) 

(3c) 

(3d) 
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where = A1 - o '. The stability of this phase re-

quires 

(4a) 

( 4b) 

Under the assumption that the structural phase transitions 1n 
RbCaF3 are well described by the dynamic model 1101 we are led 
to: 

(5) 

f f h . 2 2 . I we urt ermore take 1nto account that r 
1 

= m
2

, we can rewr1te 
the inequality (4a) in the form 

(6) 

It yields together with inequality (4c) the following condition 
for the coupling constant o': 

2 (y 1 - 2{3 l) < 0, < 3 (/31 + y 1 ) + w ' 

where w = (17f3~+22{3 1 y 1 +7yi) 112 . 

(7) 

It should be here noted that by considerjng only the R- and 
M-modes in the expression (I), the following stability condi
tions for the phase ( r 1 = r 3 .f 0, m2 .f 0) are readily obtained 

{31 >0' (8a) 

4{3 2 2 0 
1-y1>. (8b) 

If the phase ( r
3 

.f, 0) is the previous to the phase mentioned 
above, the following condition should be satisfied additionally 

2f3 1 < y 1 (9) 

One can see that the set of inequalities (8a)-(8b) is inconsis
tent with the inequality (9). 

To the light of these results it is seen that the displace
ments of Rb-ions corresponding to X-mode play an important 
role in stabilization of the observed phases. 
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Comparing the free energies of the neighbouring (a 0 a 0 c-) and 
(a- a+ a-)phases, we obtain the following expression for the 
critical temperature: 

2aTR, + 2bT~ - o(T~ + T~)- (T~- TM) v' c2- 4ab 
( 10) 

2(a + b- c) 

where 

a 
-2 0 2 

[ f3 1 (2f31 - Y 1 ) - A 1] (a 1 ) ' 

c ~ 4A 1 f3 1 a ~ a 2 . 
It is easy to check that at T = TM the squares of the order para
meters ri, m~ are nonvanishing, hence this transition is of 
the first order. 
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noAOflbCKa-Crp~xapcKa A. E17-83-624 
K TeOpHH CTPYKTypH~X ~a30B~X nepeXOAOB B RbCaF

8 
PaccMaTpHBaCTCR CTpyKTYPH~e ~a30B~e nepeXOA~ B nepoBCKHTe RbCaF 3 , HHAy

I.IHPOBaHH~e MArKHMH MOAaMH R26 H M 
3

. Ha ocHoee 01~MeTpHHHOro aHan><3a nony4eHo 
pa3nO*eHHe CB060AHOH 3HeprHH C y4eTOM conyTCTBY~~HX nepeXOAY D\t ~o~g CMe
~eHHH HOHOB Rb. npH aHanH3e ycnOBHA CTa6HflbHOCTH ~a3, noKa3aHO, 4TO OAHO
BpeMeHHaA KOHAeHCai.IHA MOA R26 H M3 B03MO*Ha nHwb npH onpeAeneHHOH eenH4HHe 
KOHCTaHT~ CBA3H HOHOB Rb C peweTKOH, 

Pa6ora B~nonHeHa B na6opaTOPHH reopeTH4eCKOH ~H3HKH OHRH. 

Podolska-Strycharska A. El7-83-624 
On the Theory of Structural Phase Transitions in RbCaF

3 

Structural phase transitions in prevoskite RbCaF3 induced by the soft 
modes R26 and M3 are considered. On the basis of the symmetry analysis a 
free energy expansion is obtained, where displacements of Rb ions are taken 
into account. By analyzing the stability conditions, it was shown that soft 
modes R26 and M3 may condensate simultaneously only for a definite value 
of Rb-ion coupling with the lattice. 

The investigation has been .performed at the Laboratory of Theoretical 
Physics, JINR. 
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