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We argue that the Jahn-Teller theorem, if applied to 3d-ion compounds,
has to be considered in the orbital+spin space. It is despite of the
weakness of the intraatomic spin-orbit coupling.
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There is ongoing strong discussion [1–3] in Phys. Rev. Lett. and
Phys. Rev. B about a relationship between the electronic structure,
magnetism, the local 3d-ion surrounding and a (oﬀ-cubic) lattice distortion in 3d ionic compounds like La1−x Cax MnO3 and LaCoO3 . In
this discussion, terms like the Jahn-Teller (J-T) eﬀect and the J-T distortions appear that obviously are related with the J-T theorem. This
long-time discussion reveals that the physical picture for 3d-ion compounds is far from a consensus. On other side, the x-ray-absorption ﬁne
structure (XAFS) experiments provide more and more accurate data on
the local surrounding in the atomic scale that are generally discussed in
connection to the J-T eﬀect.
The aim of this short Letter is to put the attention that the degeneracy space for the consideration of the J-T theorem for the 3d ions is
the orbital+spin space. It is in contrast to the current-literature that
considers the J-T theorem, if applied to 3d ions, in the orbital space
only.
* http://www.css-physics.edu.pl; Email: sfradwan@cyf-kr.edu.pl

12

Z. Ropka, R.J. Radwanski ActAPhysica 1 (2006) 12-14

In 1937 Jahn and Teller had pointed out [4, 5] that no non-linear
molecule could be stable in a degenerate state. It means that one would
expect a spontaneous distortion to undergo in order to remove this
degeneracy. In the current-literature the J-T theorem and related with
it the degeneracy, if applied to 3d ions, is considered in the orbital
space [6]. It likely repeats the text-book knowledge (Ref. [5] p.193 line
4 bottom, Ref. [8] p. 212. line 12 top, Ref. [9] p. 40 line 8 bottom).
This way of thinking is commonly used for the description of the 3d
ions and 3d-ion compounds basing on the weakness of the spin-orbit
coupling for these ions.
We argue that the J-T theorem has to be considered in the orbital+spin space. It is the consequence of the spin-orbit coupling that,
though weak in the 3d ions, always exists.
A consequence of it is that practically all 3d ions are J-T ions, i.e. their
electronic atomic-like structure in the octahedral surrounding is very
sensitive to the local symmetry. The electronic atomic-like structure of
all 3d ions in the octahedral surrounding in the presence of the spinorbit coupling has been calculated in Ref. [10]. This prediction is in
perfect agreement with experimental observations - everywhere where
exact experimental studies are performed the octahedral surroundings
is found to be distorted. A nice example presents the Ni2+ ion. In the
octahedral surrounding having the orbital singlet ground state is not
expected to force the lattice distortion - in the orbital+spin space this
orbital singlet ground state is the triply degenerated and its degeneracy
can be removed by lattice distortions. It can go spontaneously as then
the system can decrease the energy [7].
The demanded orbital+spin space for the consideration of the J-T
theorem is consistent with the standard treatment of rare-earth-ions.
In conclusion, we argue that the J-T theorem, if applied to 3d-ion
compounds, has to be considered in the orbital+spin space.
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