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EFFECTS OF HYDROSTATIC PRESSURE AND OF JAHN-TELLER DISTORTIONS C J - 623 

In AB03 perovskites, distortions that optimize the 
anion coordination about the A cation commonly 
occur [8]. Although the Rb + ion is large enough to 
stabilize twelvefold coordination, which makes RbFeF 3 
cubic above TN, a tetragonal (c/a> 1) Jahn-Teller 
distortion reduces this coordination from 12 to (4 + 8). 
Additional distortions that would increase this coor
dination to (5 + 2 + 5) or (4 + 4 + 4) approaching 
(8~ + 4) are the orthorhombic Pbnm structure of 
GdFe03 [9] for the case Co 1- Cr and the tetragonal 
structure of figure 1 for the case c~ = 2 Cr. The 
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FIG. 1. - Tetragonal (c~ = 2 CT) structure projected on the 
(00 J) plane. 

orthorhombic Pbnm structure (but not the tetragonal 
structure) permits the existence of a Dzialoshinskii 
vector D parallel to the orthorhombic axis bo, and 
hence a canting of the Type G spin configuration to 
produce weak ferromagnetism. Thus the existence of 
a distortion to orthorhombic Pbnm symmetry below 
T2 that is superposed on a tetragonal Jahn-Teller 
distortion in the interval TI < T < TN and a trigonal 
Jahn-Teller distortion below Tl provides a mechanism 
for the appearance of weak ferromagnetism below T2 
as well as for the appearance of orthorhombic and 
monoclinic symmetry in the intervals Tl < T < T2 
and T < T I , see figure 2. 

Levinstein et al. [10] have demonstrated that 
extensive twinning takes place below TN' indicating 
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FlO. 2. - Two rhombohedral (IX < 60 0) Jahn-Teller distor
tions superposed on the orthorhombic Pbnm structure: 

(a) P < 900, (b) IX < 90°. 

that strong magnetoelastic coupling is present right 
through TN' This observation is compatible with 
dynamically cooperative Jahn-Teller distortions in 
regions of short-range order just above TN, so that 
long-range order below TN requires the creation of 
twin planes. The temperature TN at which long-range 
order sets in depends upon the energy required to 
create twin planes for the relief of internal stresses 
created by the magnetoelastic coupling. In any real 
crystal, this energy varies from region to region, 
thereby leading to the spatial variation in TN suggested 
by the magnetization data. Furthermore, Levinstein et 
al. [10] also observed directly that the ferromagnetic 
« orthorhombic» phase boundary moves across the 
twin planes of the tetragonal phase so as to include 
some regions having CT -+ « Co »/2 and others having 
CT -+ (ao + bo)/2. lAlthough additional twinning 
occurs below T2 , the twin planes associated with the 
« orthorhombic» distortion are mobile in 

Ha > 0.5 kOe. 

Therefore in an H. = 5 kOe (where cubic torque 
curves were observed [41), magnetoelastic coupling 
would saturate and switch the orthorhombic compo
nent of the distortion to which a is coupled, but not 
the twinned Jahn-Teller component to which the large, 
antiferromagnetic spin component is coupled. 
(The spins are rotated by less than 2.50 in an 
Ha = 16 kOe [4].) 

The direction and magnitude of the weak ferromag
netism in a crystal twinned by Jahn-Teller distortions 
but with a unique orthorhombic component can be 
obtained by minimizing D,S j x Sj. In order to obtain 
an [001] easy axis in the « orthorhombic» phase, it is 
necessary to assume that where Cr -+ « Co »/2, the 
orthorhombic component of the distortion transforms 
to the tetragonal distortion of figure I, Cr -+ c~/2. 
This simultaneously accounts for the two different 
hyperfine fields below T2 and, for Ha = 5 kOe parallel 
to [001], leads to the weak ferromagnetism 

aO = (-/2/3) [001] O'g , 
where the Miller indices refer to the pseudocubic cell 
and 0'0 is the maximum ferromagnetism possible for 
the given D. This clearly gives the cubic magnetic 
anisotropy observed. Switching of the spin axis from 
an [001] to a [111] direction to create the monoclinic 
phase, only adds a set of immobile { 100 } twin 
planes to the ;original { 110 n (set. If the super
posed distortions lare, in this phase, everywhere 
orthorhombic Pbnm, then from figure 2, D II bM and 
either IX < 900 or p < 900 • For Ha = 5 kOe parallel 
to [110], this leads to 

aM = 4 ~ { [112] + [110],+ [112] + [110] } O'iJI = 

= ~([J;]) 

which also gives the cubic magnetic anisotropy 
observed for this phase. 

Significantly O'rlO/O'?OO = -/(3/2) O'~/O'g ~ -/(3/2) is 
in reasonable quantitative agreement with the magne
tization measurements. 
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