


1. INTRODUCTION

Transitions caused by condensation of zone boundary modes
associated with rotation of BXg octahedra occur in a number of
perovskites ABXg4. 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,
and M3. These both modes represent the rotational vibrations
of BXg octahedra around cubic principal axes. The difference
between Rgy and My is that the Rgy represents the opposite
rotation of the neighbouring BXy octahedra along the rotation
axis, whereas the M; represents the rotations in the same di-
rection.

One can find examples of these transitions in refs.
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’! that for phases in which these
modes nhave condensed, Srtatlc dlsplacements assoclatea wlin Lne
normal mode of X-type are also present.

A structural phase tramsition in the perovskite ABXjcaused
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.

The purpose of the present paper is to analyze the structu-
ral phase transitions in ABXgcorresponding to the condensation
of nonparallel components of R- and M-modes. Such a transition
is encountered in RbCaFg, for example.
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2. SYMMETRY ANALYSIS

The atomic displacements corresponding to Rgy and Mg modes
can be described by three-dimensional irreducible representa-
tion ry (through this paper, the irreducible representations
will be labelled in accordance with’/% ) of the one- component
star {K;gl (the R-point of the Brillouin zone, kg ={(7/2)(i,1,1))
and by the one-dimensional irreducible representation rgy of the
three component star ¥k11f (the M-point of the Brillouin zome,
klM = {n/a) (0,1,1), k2M (w/a)(1,0,1) , kSM (w/2a)(1,1,0)).
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As is shown in paper/l/, for phases in which R- and M-modes
have condensed, static displacements of A-ions associated with
a normal mode with wave vector of the X-point are also present.

In phases, in which the parallel components of the R- and
M -modes have condensed (r, # O, m, # 0, a =1,2,3), the displa-
cements of A-ions along the axis g take place and they trans-
form like the one-dimensional jirreducible representation T4
of the three-component star fkm} (the X-point of the Brillouin

zone Kix= (7/a)  (1,0,0), Kgx =(r/a) (0,1,0), Kgy=(a/2)(0,0,1)).

Howove;, if the nonparallel components of R and M cundense
(1, £ 0,a# 8 ), then the A-ions are displaced alon;
the axis ug the R-type rotation, and these displacements trans-
form like the two-dimensional irreducible representation r g of
the star [k in . In this case the displacements of X~lons ac-
companied by the displacements of A ~ions under the =iruciur.|
phase transitions may be described by 12-component order paro-
meter:

p =i (rl, faato ) (ml,mz,m3 ), ’X Xl’ Xr,,XO,X Xy)f
Follewing Landau's phenomeunological theory of the secownd order
phase transition, we expand the free energy of the system in
verms of (ry. o, rg), (my, wy,, mgy, (X3, X7, X5, X3, X5 KD up oo
the fourth order -
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Each term is constructed so that cubie symmetry operations lea-
ve it invariant. It is assumed that only temperature dependent
coefficients are ay,a, and

@, =a{’ (T-Tg), aznaé’(T-—Tg‘),
where TR? T‘;{ are, respectively, the critical temperatures of
(r‘,r y Ia) and (ml, m2,m3) separately.

The expre551on (1) differs from the one used to describe the
system in which the condensation of R,z and Mj modes takes pla-
ce through the inclusion of terms in Xi .
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The equilibrium state at an arbitrary temperature should be

determined by the minimization of F with respect to r;, m; and
Xi. in particular
SF = 2a X1+8T1m1. Xij=_....8—__r.mi. (2)
st 2ay !

So, one can see that a particular set of non-zero components
of R- and M -modes determines which of various X'} have non-
zero values.

3. PHENOMENOLOGY OF RbCaF,4

The expression (1) for the free energy will be now applied
to RbCaF

Experimental work up to date indicates that it undergoes
a series of structural phase transitions: the 193K transition
(O1 to 18) induced by the condensation of one of the components
of the Lrlgly degenerated Rgg mode /8/ and the 50K transition
(D h to D1 n) induced by the condensation of Mg mode /1, In the
phase below SOK the rubidium displacements along 1101} are
observed 78/,

According to Glazer's notation 79/ the successive phases cor-
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The snlution of (1) correspending to the above tilt system is
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where A=A - v = A; -8, The stability of this phase re-
ag

quires
4 1 & 257 2 . A A
(4B, m§ + 28 rl))[(4BI+2y1)r§+5 m§]—4A%r%m%> 0, (4a)
ag > 0, 4
@81 -2 r§+8 mi>0. (4e)

Under the assumption that the structural phase transitions in
RbCaF; are well described by the dynamic model’1%, we are led
to:

BI=B21 Y1 =72 ’ (5)

Ay=vyy, Ay=88,-vy,

If we furthermore take into account that r2 =1n2, we can rewrite
. . . 1 2
the inequality (4a) in the form
(5124 6 . 2 2
6=+ 6(B1+y1 )87 + BT + 2By, ~v) > 0. (6)

.

It yields together with inequality (4c) the following condition
for the coupling constant 87:

2y, - 28 ) <8 < 3B, 4y, )+ W, )
where w = (17824228, y, + ») 12,

It should be here noted that by considering only the R- and
M-modes in the expression (1), the following stability condi-
tions for the phase (ry=r4 # O, my # 0) are readily obtained

B, >0, (8a)
2 2
4B1 -y 1 > 0. (8b)

If the phase ( ty # 0) is the previous to the phase mentioned
above, the following condition should be satisfied additionally

By <vy- (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®c™) and
(a_a+'a—)phases, we obtain the following expression for the
critical temperature:

2aTH + BTG - o(TR + Tip) - (TR -TH V c? - 4ab
T, = , (10)
2(a + b=2c¢)

where ]
a =[B8,@B -7 -1 @)?,

b = By @B+ )ag),

— AA 0 0o
¢ = 4A;Biafad .
It is easy to check that at T =Ty the squares of the order para-
meters Iy , m% are nonvanishing, hence this transition is of
the first order.
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