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FIG. 3. Two rhombohedra.1 Jahn-Teller distortions superposed on orthorhombic Pbnm structure: (a) tJ<90°, (b) a<90°. 

permits the formation of shorter metal-anion bonds. 
In fluorides, on the other hand, the anion is much more 
ionic, and the anion configuration about the larger 
cation tends to be maximized, particularly in the case of 
a large cation like Rb+. These observations suggest that 
the distortions below. T2 are induced by the Jahn-Teller 
distortion below TN, which reduces the anion configura­
tion about a Rb+ ion from 12 to (4+8). A distortion 
that would increase this again to (4+4+4), possibly 
approaching (8+4), is shown in Fig. 2(b). Note that 
there is a doubling of each of the pseudocubic axes to 
form a new tetragonal unit cell having CT' = 2CT. This 
has a larger near-neighbor anion configuration about 
each Rb+ ion than would the space group Pbnm of 
Fig. 2(a). Therefore this would appear to be the more 
stable alternative. However, if the unique axis CT' 

crosses a twin plane, then it is perpendicular to CT in 
the twin. In this case the distortion of Fig. 2(b) would 
give a near-neighbor anion configuration about each 
Rb+ ion that is reduced to (2+2+8), which would not 
be competitive with the Pbnm configuration of Fig. 
2( a). Since the twin planes associated with the "ortho­
rhombic" distortion below T2 move across the twin 
planes due to the Jahn-Teller distortion, it seems more 
consistent to assume that where CT would transform to 
Hao±bo), the symmetry is Pbnm as illustrated in 
Fig. 2(a); that where CT would transform to tco, it 
transforms instead to tcr' to produce the symmetry of 
Fig. 2(b). The change of structure from that of Fig. 
2(a) to that of Fig. 2(b) is sufficiently subtle that for 
small oxygen displacements the x-ray techniques that 
identify a specimen as macroscopically a "single crystal" 
below TN would identify specimens SUbjected to exter­
nal fields H 0>0.5 kOe as "probably orthorhombic." 

This model accounts nicely for four puzzling experi­
mental findings. First, the FeH ions in regions where 
C~!CT' would experience internal fields different from 
those of FeH ions in regions where c~Hao±bo), 
thus giving rise to the two different Mossbauer spectra 
reported by Wertheim et al. l while permitting the weak 
ferromagnetism to be due to spin canting. Second, since 
there is no weak ferromagnetism associated with the 
symmetry of Fig. 2(b), the modified model changes 
Eq. (6) to 

(6') 

which does agree with the experimental torque curves. 
Similarly, application of an H.>0.5 kOe parallel to 
(0,1,0) or (1,0,0) would create a u(O)= (lY1)uoO 
parallel to these directions because of a switching of 
Co from (0,0, 1) to (0, 1,0) or (1,0,0). Thus the 
apparent cubic symmetry of a noncubic "crystal" is 
due to switching oj a unique crystallographic axis in the 
applied field H •. Such a swi tching is possible because the 
"orthorhombic" component of the distortion is induced 
by the large magnetostriction associated with the 
Jahn-Teller distortions, which do not switch. This does 
not contradict the finding,. from strain gauge measure­
ments during switching, that the "c" axis does not 
follow u, because only the small orthorhombic com­
ponent of the distortion is involved. This component 
of the distortion has been observed directly by metallo­
graphic techniques to be switchable in fields H.>0.5 
kOe.8 The "c" axis referred to above is essentially due to 
the Jahn-Teller component, which does not switch. 
Since the magnetic energy required to switch an 
"orthorhombic" Co axis is only that needed to create 
and move a mobile twin plane, it may be 3 orders of 
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magnitude smaller than the latent heat at T2, as ob­
served. Third, because switching is due to rotation of a 
unique crystallographic axis rather than to rotation of 
electron spins, the fact that the spins are rotated by less 
than 2.5° in an Ha= 16 kOe can be reconciled with a 
torque · curve that shows switching from a [100J to an 
[OlOJ direction in the H a= 5 kOe.4 Fourth, because the 
"orthorhombic" distortion occurs to maximize the 
number of nearest neighbors at each Rb+ ion, rather 
than to reduce the Rb-F bond length, a puckering that 
destroys the close-packed arrangement of RbFa layers 
expands the volume, which accords with our experi­
mental results at T2• 

Since the Jahn-Teller distortion may be to either 
tetragonal (cia> 1) or rhombohedral (a<600) sym­
metry and since second-order terms in the energy 
stabilize the rhombohedral distortion in F~-<lO and 
KFeF" it is reasonable to anticipate a spin reorientation 
to the pseudocubic (111) axes at lowest temperatures. 
The small latent heat at Tl is compatible with a simple 
spin-flop transition. Superposition of a rhombohedral 
Jahn-Teller distortion onto the orthorhombic crystal 
symmetry of Fig. 2(a) would indeed lower the sym­
metry to monoclinic (see Fig. 3), since the projection 
of the unique pseudocubic (111) axis onto the ao-bo 
plane would be parallel to either 8.0 or Do. Thus ao, 
bo, CO-aM, bM , CM and either a<90° or fJ<90°. Further­
more, the twin planes below T2 would be both {110 \, 
as in the interval T1<T<TN , and (100). Therefore 
below Tithe original {11 O} twin planes probably remain 
fixed, and an additional {100} set may be· added. 
Furthermore, note that there is no case where the 
unique axis due to the Jahn-Teller distortion coincides 
with an orthorhombic axis Co, so that below Tl the 
Rb+-ion-induced component of the distortion probably 
has orthorhombic symmetry Pbnm with D II bM over 
the entire volume of the crystal. 

If the principal spin axis is parallel to the pseudocubic 
[111J axis and the aM, bM , CM axes correspond to pseudo­
cubic [110J, [I10J, [OOlJ axes, then a D II bM p:?duces 
a net ferromagnetic moment uoM along the [112J axis 
and fJ<90° as illustrated in Fig. 3(a) . On the other 
hand, if th~ spin axis is the [111 J axis as in Fig. 3 (b) , 
then the net moment is uoM IVJ (since only the com­
ponent parallel to CM is rotated by D II bM ) along the 
[110J axis and a<90°. Again it is assumed that the 
applied field strengths are not strong enough to either 
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flip or rotate the principal spin axes, and the net 
magnetization, after application of an H G> 0.5 kOe 
parallel to [110J/v'Z, becomes 

aM =(1/4y6) 

X {(1, 1,2) + (1, 1,0) + (1, 1, 2) + (1, 1,0) }uoM 

= (CToM/VJ) [(1, 1,0)/"1]. (8) 

Thus for an Ha>0.5 kOe applied along any pseudocubic 
(110) axis, a uM = uoM IVJ is created parallel to that 
(110) axis. Consequently in an Ha=5 kOe, the mono­
clinic phase will appear cubic with the (110) axes as 
equivalent axes of easy magnetization, which is what has 
been found experimentally.4 Furthermore, those regions 
of the crystal having a<90° can in principle have a 
different internal field at the Fe2+ ions than those 
having fJ<90°, so that again two distinguishable 
Mossbauer spectra are possible, though the differences 
would be less pronounced than in the interval Tl < 
T<T2• 

Finally, it is significant that 

(UlloM I U1OOO) = (vi) (uoM I uoO) ~vi, (9) 

which accounts nicely for the rise in the weak ferro­
magnetic moment on passing from the orthorhombic to 
the monoclinic phase. In fact the ratio vi appears to 
be in reasonable quantitative agreement with the 
measurements of Testardi et al.2 and with our observed 
ratio of 1.3. 

In conclusion, the rather extraordinary properties of 
RbFeFa can be understood as an interesting interplay 
of three well-known phenomena: (i) a Jahn-Teller 
distortion below TN that preserves the spin-orbit 
coupling, thus inducing a large magnetocrystalline 
coupling, (ii) an orthorhombic distortion due to 
ionic-size considerations that permits the existence of a 
Dzialoshinskii vector, and hence spin canting (except 
in those regions where Co would be parallel to tetragonal 
CT axis due to a J ahn-Teller distortion), and (iii) a spin 
flop due to a change in the orientation of the Jahn­
Teller distortion as a result of the temperature depend­
ence of the elastic constants. 
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