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A theory based on the cooperative Jahn-Teller effect shows that a noncollinearity
of a magnetic structure is a consequence of an antiferrodistortion phase transition
in a crystal.

In crystals with a cooperative Jahn-Teller effect,’ the mutual effects of the distor-
tion correlations, the magnetic correlations, and the electric dipole correlations give
rise to corresponding interrelationships among the acoustic, magnetic, and dielectric
anomalies.”™ Working in this picture, we show below that in crystals of the KDy-
(Mo0Q,), type a noncollinearity of the magnetic structure is a direct consequence of an
antiferrodistortion order.

The KDy(MoO,), crystal has recently been the subject of active theoretical and
experimental research >~ in connection with the antiferrodistortion (7, = 14 K) and
magnetic (7 = 1.1 K) Jahn-Teller phase transitions that occur in it. According to the
experiments of Refs. 7 and 9, the magnetically ordered phase is noncollinear: The
magnetic moments of the two sublattices of the orthorhombic crystal lie in the ac
plane, making angles of + 50° with the a axis.

The physical reasons for this noncollinearity are that the anti-Teller molecular
fields that arise at 7< 7, and act on the spin-orbit states of the rare-earth ion serve as a
magnetic anisotropy which takes opposite signs for the antiferrodistortionally ordered
sublattices. The corresponding easy axes of these sublattices are perpendicular to each
other, and this situation is responsible for the noncollinearity. When the crystal fields
are taken into account, we find that the magnetic moments rotate in the easy plane,
and the magnetic interactions are responsible for an additional small change (corre-
sponding to the small value of 7, /7T ) in the angles between the moments.

We write the Hamiltonian of a tetragonal crystal subjected to a pressure P that
produces an orthorhombic deformation of symmetry B ,, as follows, in the basis of the
lowest-lying states of the Dy’* ion (two Kramers doublets, I'; and Iy, separated by a
gap 4 ):
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The first three terms describe free phonons and the energy of the crystal associated
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with the orthorhombic and monoclinic deformations; the fourth term describes the
interaction of electrons with E oscillations, which is responsible for the structural
phase transition; the last term describes the magnetic interactions of the dipole-dipole
type; the S, are the components of the total moment; and 8 and 8’ are the indices of
the four sublattices of the crystal. Subjecting the Hamiltonian to a displacement trans-
formation'? which eliminates the terms in (1) that are linear in the phonons, we find an
intercenter interaction (in second order in the electron-phonon coupling constant)
which gives rise to an antiferrodistortion phase transition. Noting that we have
E?+0, E® =0 at T<T, by virtue of the orthorhombic symmetry, we write the elec-
tron part of the transformed Hamiltonian as follows in the molecular-field approxima-
tion:

H, = —m%m, [(APPES + APS EF)YEE — goP(coQN) V2P — Ac™F ], ()

where A% and A"’ are the parameters of the intra- and intersublattice Jahn-Teller
interactions; 47" <0; and g, is the coupling constant between electrons and the B,
deformation. The electron operators E, and o, are conveniently expressed in terms
of® S, E, =8,5, +8.8,, 0, =52 — 82, etc. Treating the moment operators at
T = 0 as classical vectors whose spatial orientation is specified by the angles 6 and ¢,
we can minimize the energy H,, (9, @) and thereby find the equilibrium values of °
and ¢#. In the paramagnetic phase (with J., =0 we find

A — goP(coIN)™ V2
8oP(co ‘[ 3)
|

1
LI . LI _ - "
") 0, i) 5 arccos | ¥ . PLE R A

(the four sublattices under consideration are equivalent in pairs at 7> Ty ). In other
words, the easy axes lie in the ac plane of the crystal and are rotated through 90° if
A —goP(co2N) "1 =0.

From (3) we see that it is possible to distinguish between the contributions of the
tetragonal and  orthorhombic  fields to the total energy gap

FIG. 1 Orientation of the magnetic moments in the four sublattices of the crystal. Dashed lines—without
magnetic interactions; solid lines—with magnetic interactions.
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A, =[A7+gP¥co2N)"']"/? that separates the Kramers doublets at 7> T, . Tak-
ing into account the definition of the critical temperature, kT, = 4 _ arctanh~'[4 _ /
(A7 — 4%7)], along with (3), and using the experimental values® 4, =9 cm™' and
¢ =40°, we find 4 = 6.7 cm ™! and g P(co2N) " V2 =6.0 cm™ .

To determine the magnetic configuration at 7'< T, we must also take the mag-
netic interactions into account. Noting that the magnetic interactions along the z axis
are of an antiferromagnetic nature, while those along the x axis are of a ferromagnetic
nature, under the condition® T< Ty, we find that the changes in the angles upon
magnetic ordering are + 86"" ~(J, +J)/(4" — 4"} or, numerically, 1-3° [/},
~1-2 cm ™' (Ref. 9); J¢4]. Consequently, at T'< Ty the crystal breaks up into four
sublattices, not the two that were observed experimentally in Ref. 9, since each struc-
tural sublattice consists of two magnetic sublattices with a small angle 56° between the
magnetic moments (Fig. 1).

The noncollinear magnetic structure of crystals of the KDy(MoO,), type can be
acted upon effectively by means of uniaxial pressures, by rotating the sublattice mag-
netic moments in the ac plane or even causing them to depart from this plane (if the
experimental situation allows the application of the corresponding pressures. Finally,
we note that by applying a sufficiently strong external magnetic field (~20 kOe) in the
ac plane, at an angle of 45° from the ¢ axis, we can induce a metamagnetoelastic
structural transition from an antiferrodistortion phase to a ferrodistortion phase.* At
T < Ty, this transition is accompanied by a magnetic phase transition to a quasicollin-
ear (56” <1) phase.

I am deeply indebted to B. G. Vekhter, A. I. Zvyagin, K. I. Kugel’, and D. 1.
Khomskii for a discussion of these results.
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