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ON THE LOW-SYMMETRY ORBITAL PHASESIN Pr1.4,CaxMnO3
MANGANITE
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On the basis of the free energy expansion, the low-symmetry orbital phases originating from
the high-temperature crystal phase with the ana(D;ﬁ) symmetry in Pri,.CaMnOs;

(0.3< x<0.5) manganite are investigated. The free order parameter susceptibilities and
elastically clamped ones in these phases are cd cul ated.
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1. Introduction

In references [1, 2] on the basis of symmetry analysis the phenomenologica th ry. f the
orbital phase transition (PT) proceeding from the high-temperature phase with Pnma Dzﬁj), the
symmetry in Pri,CaMnOs (0.3 S X< 0.5) manganite is developed. It is shown that the two states
reported in [3] and [4,5] correspond to the two types of orbital ordering of a single orbita order
parameter (OP) (for a given OP, three types of orbital ordering are possible). The temperature
dependencies of the dastic coefficients in the low-symmetry orbital phases are dso caculaed in
reference[2].

The aim of this study is to present, in an unified form, results concerning the low- symmetry
orbital phasesin PrixCaMnO3 (0.3 <Xx< 0.5) manganite [1,2], and in addition to cdculate the free
order parameter susceptibilities and dastically clamped ones in these phases.

2. Free energy expansion

The free energy expansion describing the orbital PT in Pry,CaMnOs (O.3s X< 0.5)
manganite, in terms of the two invariants, 1, = ¢ + @2 and |, = ¢/ ¢2, hastheform[2]:
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Here {¢1,¢2} is the main orbital two-component OP with wave vector k;=(1/2,0,0); {/71,/72} isan
OP characterized by the wave vector k;=(1/2,0,0) and the symmetry of the main OP, which may be a
phonon Jahn-Teler OP; & and ¢ are the secondary OPs with the wave vector k,=(0,0,0); Cij , €
are the dastic coefficients and the strain tensor components, respectively, in Voight's notation;
r =a(T —TC), where T, is the bare PT temperature, and a >0, a,, B, r, >0, u,, v, are
phenomenol ogical parameters independent on temperature.

The free energy expansion (1) describes the PT from the ana(Dgﬁ) hi gh-temperature
phase to some of the three low-temperature phases of the P2, / m(th), Pmn2, (C27V) and Pm(Ci)
symmetry at nonzero components of OP. ¢, 20, n,#0, ¢ 20, e £0, i =1235; ¢, =¢, 70,
n,=n,20, £#£0, e#0, i=123 and ¢, #¢,%20, n,#n,#0, ¢#0, {£0, e #0,
i =1,2,35, respectivdy.

Using the polar representation ¢, = pcos(g), ¢, = psin(¢), one can rewrite Eq. (1) as a
function of p and ¢ instead ¢, and ¢,. From the equilibrium conditions, oF /d¢ =0, 0F/d& =0,
oF/an, =0, i=12 and OF/de, =0, j=1235, one gets expressions for the secondary order

parameters. Substituting these into Eg. (1) in polar representation, we obtain the free energy
minimized in the secondary order parameters:

Fu. = f(p)+ a(p)sin®(2¢)+ Bp)sin* (2¢), &)
where
f(o)= %sz + %Up“ + %ulpe + %ung, a(p)= %\7/9“, Blp)= %vlps. 3)

In Eq. (3), rT=r-p82/r, JEu—Z,Bf/rl—ZaFf/CBB+223:(C“A2+ZaiA)+4 ZB:C”AAJ.,

i<imj=t
V,=V,/16 and 4V =v-2p57/r, +8 37 /r, +8a?/C,, .
The poar angle ¢ in Eq. (2) determines the low-symmetry phase. In the case of
a(p)/B(p)<0, B(p)# 0 therearethreelow-symmetry phasesin general [2]:

@a ¢ :721 we have ¢, =@, # 0, which corresponds to the Pmn2, (Cgv) phase, and
Fow. = f(0)+alo)+ Blp); @)

(b) & ¢=0 we have ¢, 20, ¢, =0 (or in the other domain ¢, =0, ¢, #0), which
correspondsto the P2, / m(th) phase, and

Fow. = f(0); ()

(c)a ¢ D[O; ’ZTJ wehave ¢, # ¢, 0, which corresponds to the Pm(Ci) phase, and

Fau = f(0)+alp)sin®(2¢)+ B(p)sin* (29). (6)

Here, F, . isaneffective free energy of the ™ phase
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The boundaries between different phases are determined from the conditions: F . =F, ,
=F F,. =F
The temperature dependence of the main OP is defined from the system of equations
OF, 4 /0¢, =0, i=12.Using therelations oF, , /0¢ =0, oF, , /0p =0, and apositive definition
of the matrix of the second derivatives, one can obtain equilibrium values of p (o #0 inthe low-
symmetry phases) and ¢ corresponding to a minimum of the potential (2).
The matrix of second derivatives of the potential is equal to the inverse susceptibility matrix

RF .
spag Wk 1=12) ™

F

1,eff. 3,eff. 1 2,€ff. 3eff. *

One should digtinguish two kinds of susceptibilities: (a) free order parameter (low-
frequency) susceptibilities ,Y("), when the secondary order parameters are able to follow the
fluctuations of the main orbital OP, and (b) easticaly clamped (high-frequency) susceptibilities
)((d), when the secondary order parameters cannaot follow the fluctuations of the main orbital OP.

Following the cd culation approach in [6] for obtaining the free order parameter susceptibilities, one
must use the potential minimized in secondary order parameters (2), while for obtaining the
dastically clamped ones one should differentiate Eq. (1) in polar representation, and only after that
substitute the equilibrium val ues of the secondary order parameters.

Using equilibrium conditions, for the low-temperature phases in the case of free angle

susceptibility x{"™, we obtain

Xe = a;';(:) = 8a(p)(— 2- %(%], ®
8a(p)(—1— 2%(%}

for the phases with symmetries P2, / m(CZh) Pm( ) and Pmn2 ( C,, ) respectivey.
For the clamped susceptibilities, al second derivatives are renormalized:
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X;C;)*l :X;;r)*l +£p2 +|:4ﬁ1 ﬁz + :|,0 sin (2¢) ﬁz ,041 (9)
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where for the phase with P2,/ m(szh) symmetry, sin?(2¢)=0; for the phase with Pm(Cl)
symmetry, sin2(2¢):—a(p)/2,8( ) and for the phase with Pmn2 ( ) Ssymmetry, sin (2¢)
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3. Conclusions

The free energy (1) describes all phase transitions from the high-temperature phase of the
ana(D;ﬁ) symmetry with wave vector k;=(1/2,0,0). The PT with the symmetry change:

@ Pnma(D¥) - P2,/m(C2,) - isdescribed by 4, 20, ¢, =0 (or 4, =0, §, 2 0),
which correspondsto ¢ =0;

(b) ana(D;ﬁ) - Pmn21/(C27V) - isdescribed by ¢, = ¢, # 0, which corresponds to
¢=m4;

(© Pnma(D) - Pm(C?) - isdescribed by ¢, # ¢, # 0, which corresponds to
#0(0,77/4).

The effective free energies in Egs. (4), (5) and (6) for the low-temperature phases are

obtained from the free energy expansion in Eq. (2), at different values of the polar angle
g0 [O; n/4] . A similar free energy expans on was used to describe the structural phase transitionsin
LaCuO, [6]. It is concluded from the experimental data[3, 5] that the phases with P21/m(C22h) and
Pm(Ci) symmetries take place in Pri,CaMnO; at x = 0.5. The phase diagram of Pr;,CaMnO;
manganite for 0.3 < x 0.5 [5, 7] (see Fig. lain Ref. [2]) should be verified in further experiments.
In this concentration range, the phase diagram can be presented as shown in Fig. 1b of ref. [2].

For the low-temperature orbital phases in PriCaMnO; (0.3<x<0.5), the free order
parameter susceptibilities and eastically clamped ones have been calculated (see Egs. (8), (9)). One
notes that, here, in contrast to ref. [6], for the high-temperature phase (,0 :O) the free order
parameter susceptibilities are not the same as the clamped ones (see the first of Egs. (9)). In the

general case, however, the free order parameter susceptibilities should not be the same as the
clamped ones (e.g. high-frequency phonons are different from low-frequency ones).
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