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, A study is made of the anomalies in the magnetoelastic properties of Jahn-Teller crystals. It is
shown that elastics, like magnets and ferroelectrics, can have anomalously large striction effects.
The interplay of the distortional and magnetic correlations in the thermodynamic properties is
examined, and it is shown that the correlation of the local Jahn-Teller distortions in magnets is
basic to the underlying microscopic mechanism for the “compressible” Ising model.

1. Jahn-Teller crystals are of great interest as systems
having a known microscopic mechanism for structural
phase transitions (see, e.g., Ref. 1). This mechanism is the
correlation of the local Jahn-Teller distortions due to the
exchange of virtual phonons. However, these crystals are
also of more general interest as compounds exhibiting a
number of somewhat unusual properties, which are due to
the strong coupling of the electrons with the lattice. A conse-
quence of this coupling is that it is possible to effectively
influence the lattice by acting on the electronic subsystem:
In Jahn-Teller crystals the responses of the lattice to influ-
ence acting on the electrons are extremely strong. In other
words, Jahn-Teller crystals are expected to exhibit strong
striction effects.

The study of striction effects in solids and the search for
materials having anomalously large striction coefficients is
an important scientific and practical problem which has
drawn many investigators (see, e.g., Ref. 2). Traditionally,
the search for crystals exhibiting a large magnetostriction is
focused on magnetically ordered systems, while large elec-
trostriction effects are expected in crystals which lack a cen-
ter of inversion, primarily in ferroelectrics. These systems
are chosen because they can be influenced effectively by ex-
ternal fields, i.e., magnetic and electric fields acting on the
magnetic and dipole subsystems of the crystal. It is quite
clear, however, that in terms of striction effects a large elas-
tic susceptibility is just as important as a large magnetic or
dielectric susceptibility. From this standpoint elastics—
compounds with structural phase transitions—are no less
promising than magnets or ferroelectrics, particularly since
for such substances one can have large magnetostriction and
electrostriction interactions in the same compound.

Large striction effects should clearly be expected in
crystals for which an external field acts effectively on the
electronic subsystem, which, in turn, is strongly coupled to
the lattice. Striction effects are due to the mixing of elec-
tronic states by the (magnetic or electric) field. The new elec-
tronic state dictates a new equilibrium configuration of the
nuclei, and the crystal deforms as a result. It is clear that
large striction coefficients are characteristic for systems
with closely spaced (or degenerate) electronic levels (so that
they are mixed significantly by the field), with large electron-
vibrational coupling constants (so that the electroelastic and
magnetoelastic forces are large), and with small elastic con-
stants (so that the reconfiguration of the lattice is maximal).
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The first two of these conditions point to a Jahn-Teller situa-
tion, which would lead, through the cooperative Jahn-Teller
effect, to (real or virtual) structural phase transitions. The
softening of the elastic moduli, which is characteristic for
structural phase transitions, indicates that the third condi-
tion for appreciable striction effects is also satisfied in Jahn-
Teller crystals. If it is further considered that in a number of
Jahn-Teller crystals there is evidence of a substantial influ-
ence of magnetic and electric fields on the electron-phonon
states,’ then it is obviously promising to search among Jahn-
Teller compounds for crystals with anomalously large stric-
tion.

As we know, situations involving electronic degeneracy
require special study, but there have been practically no
studies of striction effects from this point of view (several
particular cases have been studied in Refs. 3-8). In what
follows we state the main features of striction effects in Jahn-
Teller crystals and illustrate them with concrete examples.

2. Let us consider tetragonal crystals having a singlet-
doublet-singlet scheme for the lowest levels. The choice of
such a system is motivated, on the one hand, by the fact that
a rather large number of crystals of this class have been in-
vestigated in detail.! It is also important that this level
scheme admits various physical situations®: 1) for 4 > 1.24,
as in TmPO,, there is no structural phase transition; 2) for
4 <A, as in TbVO,, there is a single phase transition to an
orthorhombic phase; 3) for 4 <4 < 1.24, as in the solutions
Tb, _,Gd, VO,, there are two closely spaced phase transi-
tions. In these relations we have used the standard notation
in which 4 is a parameter characterizing the molecular field
due to the correlation of the distortions and 4 is the energy
gap between the doublet and singlet states of the rare earth
ion. The Hamiltonian of our system is of the form!%!!

H=— ZA,,,,.G,"OI’" — —% ZI 1+t.™) o™

—g.p Z (HxSx’"-i-H,,Sy'"), (1)

where the first term describes the intersite interaction due to
the exchange of virtual phonons and the electron-strain cou-
pling, and the second and third term are, respectively, the
crystalline field and the Zeeman interaction (with allowance
for the fact that g, »g; =0 in the systems under study).
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In asinglet-doublet-singlet electronic basis the matrices
for 7, S, and o are of the form

1 0010 0i00
{0000 [=io0o00
T +moa=|1500) %=|"0000)
0000 0000
000 0 10 0 0
{000 o 01 0 0
S5=1000—i)» %=lo0—1 o ()
00i 0 00 0 —1

The strain U and magnetic moment M of the crystal are
proportional to the mean values &, and S, respectively. In
the absence of magnetic field at temperatures above the tem-
perature T, of the Jahn-Teller phase transition, the strain U
is zero. One can easily see that an applied magnetic field will
make U #0 at all temperatures. For H, = H, = 0,however,
there is no striction (see Part 4), and we shall therefore as-
sume that H||x.

a) Let us begin with the crystal TmPO,, for which
A=30cm™ ', 4=20cm™’, and g = 10 (Ref. 12, 13). For
H, = 0the crystal remains tetragonal all the way down to 0
K, but the dip (though not to zero) that has been observed!?
in the temperature dependence of the elastic modulus Cgg
indicates that correlations of the local Jahn-Teller distor-
tions of symmetry b, are actually present. These correlations
also explain the anomalies (noted in Ref. 13) in the magnetic
properties of the TmPO, crystals.'®!! Let us find out which
particular anomalies in the magnetostriction effects are due
to the indicated correlations. Figure 1 shows the behavior of
the electronic levels in a magnetic field as obtained numeri-
cally from Egq. (1) in the molecular field approximation both
with (4 £0) and without (4 = 0) allowance for correlations.
It is seen that the correlations split levels 2 and 3 and de-
crease the energies of levels 1 and 4. Figures 2 and 3 show the
field dependence of the strain and magnetic moment. It is
seen that allowance for correlations leads to a significant
enhancement of the striction (compare the curves for 4 0
and 4 = 0in Fig. 2). In the field dependence of the magnetic
moment, allowance for correlations gives rise to inflection
points on the M (H ) curve. This nonlinearity is due to the
following magnetostriction mechanism. The magnetic field

£, cm P
//
P

1
J0

z
0 — e — -

J

1
z0 T
gup%, cm

1

FIG. 1. Behavior, in a magnetic field, of the lowest levels of the Tm3* jon
in TmPO, (the dashed curves are for 4 = 0, the solid for 4 = 20 cm™!) at
kT=14cm™".
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FIG. 2. Field dependence of the strain in TmPO,: 1) kT = 14 cm !, 2)
kT =30 cm~"'. The dashed curves are for 4 =0, the solid for 4 = 20
cm™ .

causes a strain which strengthens the correlation of the local
distortions through the phonon field. This strengthening al-
ters the electronic states of the site and the corresponding
energies, increasing the resultant magnetic moment. It is
seen from Figs. 2 and 3, which show this effect for two tem-
peratures, that the influence of the correlations becomes
weaker with increasing temperature. The influence of the
correlations is maximum near k7 = 14 cm !, i.e., in the re-
gion where the dip is observed on the temperature depen-
dence of the elastic modulus Cgg. It therefore seems worth-
while to ascertain whether the effect is anomalously large is
crystals such as TbVO,, which have a real structural phase
transition (rather than a virtual transition, as in TmPO,), at
which the elastic modulus softens to zero. Let us now consid-
er this new situation.

b) The TbVO, crystal (4 =9 cm™!, 4 =25 cm™ ') un-
dergoes a transition from the tetragonal phase to an ortho-
rhombic phase at 7, = 34 K.° The results of a numerical
calculation of the field dependence of the strain show that
the striction is small at both high and low temperatures. At
T=T,, however, the striction is large and correlation effects
are appreciable. Near 7, there are anomalies (inflection
points, etc.) in the magnetic moment which are analogous to
those observed in TmPO,."* Thus crystals of the TbVO,
type, which have real phase transitions, are not as good stric-
tors (except in a small region near T,) as are virtual elastics
such as TmPO,. The reason for this is that a high tempera-
ture (I'> T ) the correlations are too weak, while at T'< T,
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FIG. 3. Field dependence of the magnetic moment of TmPO,: 2) kT = 14
cm™}, 2) kT=30cm™", 3) kT = 3 cm™! (the points are experimental'3).
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they are too strong in comparison with the magnetic field.
Large striction effects in comparatively weak fields at low
temperatures, which do not smear out the correlations,
should therefore be expected in Jahn-Teller crystals with
values of 4 which are not too large. Of considerable interest
in this regard are dilute crystals of terbium vanadate.

c) As we have said, crystals in which the ions of one of
the sublattices have the singlet-doublet-singlet scheme for
the lowest levels admit an interesting situation with two clo-
sely space phase transitions. If 4 <4 < 1.24, the crystal on
cooling will, like TbVO,, go first to an orthorhombic phase,
but at low temperatures it will again be tetragonal. It has
been shown'* that the substitution of the non-Jahn-Teller
ion Gd** for the Jahn-Teller ion Tb** in TbVO, leads to a
weakening of the correlations and to a decrease in 4, so that
at Gd*>* concentrations x ~0.6 the above relation between 4

and A is satisfied. A calculation of the field dependence of 7,

and S for 4 = 8 cm ™! reveals the basic features of this situa-
tion: 1) the striction is considerably larger than in TmPO,
and TbVO,; 2) the temperature region A 7 in which the stric-
tion is anomalously large is rather wide (AT~ T).

There have been no direct measurements of the magne-
tostriction in the crystals considered above. It follows from
our analysis, however, that the size of the striction is gov-
erned by the parameters of Hamiltonian (1), which have been
reliably determined for these crystals from numerous ultra-
sound, optical, and magnetic experiments.' Therefore, our
conclusions regarding the anomalously large magnetostric-
tion, which were based on numerical calculations using these
parameters, seem perfectly realistic. There is further support
from the good quantitative agreement between theory and
experiment (see Fig. 3) in the description of the nonlinear
magnetic properties which stem from the magnetostriction
in TmPO,."°

Besides the crystals already considered, compounds
with the singlet-doublet-singlet scheme for the lowest levels
of the Jahn-Teller ion include LiTmF,. This crystal does not
have a structural phase transition, but the temperature curve
of the elastic modulus does exhibit a dip due to the pro-
nounced electron-phonon coupling.’> Experiments® have
actually detected an anomalously large (=~ 10~*) magnetos-
triction. In TmPO, the experimentally observed'? dip in
Ces(T')is considerably deeper than that observed in LiTmF,,
so vibronic effects and, consequently, the magnetostriction
should be stronger in the thulium phosphate. The magnetos-
triction should be stronger still in TbVO, near T, (see Partb)
and in the mixed systems Tb, _, Gd, VO, (see Part c). Esti-
mates show that in these crystals one can expect a giant mag-
netostriction ~1073-10"? in saturating fields of the order
of 50 kOe.

3. In Jahn-Teller crystals there is, in addition to the
interaction through the phonon field, a direct magnetic in-
teraction between ions, J,,,,. S S", with allowance for which
Hamiltonian (1) becomes

= ZAmo,”o;"— 2 Jon (287 48,S,™)

—;12 (1+‘c,’")0,’"—gl[32 (HS+H,S™.  (3)
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In the rare earth compounds under study, the energy of the
magnetic interaction is usually smaller than the quantity 4
which determines the correlation of the distortions. Never-
theless, for a quantitative comparison of theory and experi-
ment, especially in the weak-field region, the magnetic inter-
action must be taken into account. For example, in a virtual
elastic in a weak field the strain U~ o,, which is quadratic in
the field, is small, and therefore the contributions of the
terms JSS and Aoo can be of the same order for J < 4 as well.
A numerical calculation of the influence of magnetic corre-
lations on the field dependence of the strain of a virtual elas-
tic shows that the presence of magnetic correlations leads to
appreciable changes in the magnetostriction: it increases for
J > 0 and decreases for J < 0 on account of the strengthening
(or weakening) of the correlations of the internal magnetic
field.

The calculation also suggests a substantial influence of
these correlations on the field dependence of the magnetic
moment. For a ferromagnetic interaction (/> 0) the inflec-
tion of the S (H ) curves'? is much more pronounced than for
J =0, while, on the other hand, antiferromagnetic interac-
tions (J < 0) decrease the inflection. These conclusions can
also be reached on analytical grounds. In Refs. 10 and 11 an
approximate formula was obtained for S (H )at T = 0K with-
out allowance for magnetic correlations. An analogous
treatment with allowance for magnetic correlations leads to
the formula

g.pH+IS
[ (g pHAIS)2+A]"

A* (g, pHHIS)®
[(g.BH+IS)*+A%)*

S= (4)
The inflection of S (H ) occurs at a positive coefficient K, of
the H? terms in the expansion of S in powers of H. It is
readily seen that a positive contribution to this coefficient
can only come from the second term on the right-hand side
of (4)—the term which arises when the correlation of the
Jahn-Teller strains is taken into account. Allowance for
magnetic correlations changes both the positive and nega-
tive contributions to K. This change is larger for the positive
contribution and depends on the sign of J: for J > O the posi-
tive contribution to K increases (the inflection should con-
sequently be more pronounced), while for J < 0 the positive
contribution decreases.

If the magnetic interactions are not small (/> 4 ), they
themselves can cause a magnetic phase transition.'® Because
of the striction characteristic of Jahn-Teller crystals, the
magnetic and structural ordering in them are coupled.
Allowance for the intercoupling of the magnetic and distor-
tional correlations, which are comparable in size, should
therefore lead to distinctive features in the phase transitions
which occur.

The magnetic interactions included in Hamiltonian (3)
are isotropic in the xy plane. However, allowance for the
electron-phonon interaction leads to an anisotropy which
energetically favors an ordering of the magnetic moments
along the x axis (see Part 2). Treating the intercenter interac-
tion in the molecular field approximation, we rewrite Hamil-
tonian (3) for H =0 as

H=—A6.0.—715.8,—'/,A (1+1.) 6. (5)
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Let us begin our study of this Hamiltonian with the A =0
case, which admits an analytical treatment. We find from (5)
that the energy levels in this case are described by the formu-
las

El, Z=A61, Egl 5=iJSx_A6'z,

from which we find the average values
__ exp(A5./kT)ch(JS/kT) —exp(—A45./kT)
0 = oxp(40,/kT) ch (JS./kT) +exp(—Ac./kT)

J3: h JS,,+ . (__ 2A6,) -t (6)
kT[c kT P\ T kT ] '

S.=sh

Besides the trivial solution &, = S, = 0, system (6) has a
number of nonzero solutions depending on the relationship
of the parameters 4 and J.

a) A > J, i.e., the interaction of the Jahn-Teller distor-
tions is larger than the magnetic interaction. In this there
can be two plase transitions in the crystal. The first, higher
temperture, transition is a structural phase transition. Here
the spontaneous strain of the crystal arises at a zero magnetic
moment (S, = 0) and is determined by the equation

6,=th (46,/kT), (7

which implies that kT, = 4. On further decrease in the tem-
perature the strain is described, as before, by Eq. (7) until the
magnetic phase transition occurs. The critical temperature
of the magnetic transition is determined by the transcenden-
tal equation

kT,=J[ {+exp (—M)r .

kT s )

It can be seen from (8) that the correlations of the Jahn-Teller
distortions have a substantial effect on the temperature of
the magnetic transition-for 4>J we have kT, = J, while for
A =0 (at which there is no structural transition) we have
kT,, = J /2,i.e., structural correlations can double the tem-
perature of the magnetic phase transition. System of equa-
tion (6) also implies that for T<T,, the magnetic interaction
increases the spontaneous strain. Thus, in the present case
there can be two phase transitions; here correlations which
lead to different phase states enhance each other, and the
corresponding phases (for T<T),) can coexist (see curves 1
and 2 in Figs. 4 and 5). Such a situation is realized in the
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FIG. 4. Temperature dependence of the strain for 4 =20cm™', 4 = 15
cm ™! (curves 1, 2, 3, 4 correspond to j = 10, 20, 30, 50 cm™?).
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FIG. 5. Temperature dependence of the magnetic moment (the param-
eters are the same as in Fig. 4).

crystals TbVO, and TbAsO,.

b)J > A4, i.e., the magnetic interactions are stronger than
the virtual-phonon exchange. In this case the mutual influ-
ence of the correlations under study is particularly clear.
Analysis of system of equations (6) shows that only one phase
transition can occur in the crystal. In fact, it follows from (6)
that for S, #0 we must have &, 0, i.e., spontaneous magne-
tization induces a homogenous strain regardless of the value
of A. For example, o, is given for 4 = 0 by the relation
JS. I3, -
kT_i][Ch kT+1] ; ®)
from which we see that &, ~S 2 in weak molecular magnetic
fields, i.e., the magnetic ordering “smears out” the possible
structural phase transition. Using this result and the equa-
tion for S, from system (6), one can show that at sufficiently
high temperatures, allowance for the Jahn-Teller correla-
tions leads to a renormalization of the magnetic interaction
parameter J. Here it is easily found that the change in this
parameter, 4J ~AS 2, is of the same form as in the “com-
pressible” Ising model (which gives a first-order transition)!’
and is governed by the correlations of the Jahn-Teller distor-
tions (see curves 3 and 4 in Figs. 4 and 5). The electron-
phonon interaction thus underlies the microscopic mecha-
nism which accounts for the possibility of first-order
magnetic phase transitions. The causes of this effect are dis-
cussed in the review by Nagaev'® on the basis of model Ham-
iltonians, but they can apparently also be based on a consis-
tent incorporation of the electron-phonon coupling, in
analogy with what we have just done.

The case J> A, A has not been realized in any of the
crystals with the singlet-doublet-singlet level structure that
have been studied to date. Significant magnetic and distor-
tional correlations of comparable size are realized in DySb,
TbP, and TmCu. For a quantitative comparison of theory
and experiment in these cases it must be taken into account
that the structure of the energy level of the rare earth ions
differs from the singlet-doublet-singlet structure, but the
phase-transition features observed'® in these compounds
agree qualitatively with those obtained above.

¢)J=A. In this situation it must be kept in mind that the
accuracy of the molecular field method is different for the
cases of structural and magnetic ordering. For structural
phase transitions accompanied by homogeneous deforma-

G.= [ch
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tion of the crystal, the main contribution to the interaction of
the local distortions comes from long-wavelength acoustic
phonons. This is due to the large correlation length, owing to
which the molecular field approximation turns out to be
quite accurate. In the case of magnetic interactions, on the
other hand, a more adequate treatment than the molecular
field approximation will be given by the various cluster ap-
proximations, which take better account of the short-range
forces. Because of the differences in the correlations lengths,
the magnetic order parameter falls off more rapidly with
increasing temperature. For this reason, if J is slightly larger
than 4 it is possible to have a transition of the crystal from a
low-temperature magnetic phase to an energetically favored
high-temperature distortional (magnetically disordered)
phase. Further increase in temperature will lead to a struc-
tural-order-magnetic-disorder phase transition, since the
short-range magnetic correlations are stronger than the dis-
tortional correlations near the temperature of the structural
transition. Quantitative treatment of this situation requires a
numerical calculation of the temperature dependence of the
magnetic order parameter in some sufficiently accurate clus-
ter approximation. For the singlet-doublet-singlet systems
under discussion this is an extremely difficult problem
which we shall not solve here, since we know of no real ob-
jects in which the indicated relationship between 4 and J
holds.

4. It is appropriate here to compare the above micro-
scopic description of the striction with the results of a pheno-
menological approach. For a phenomenological description
of striction effects in elastics the expression for the free ener-

gy

1 1 M
= () U+ — U —-UP +
D) CO(T) % Cy ZXO

— MH+ Zo’”'""MmU"
mn

(10)
must include mixed terms M ™ U" containing both the
strain U and the magnetic moment M. The remaining terms
on the right-hand side of (10) describe the elastic energy of
the strained elastic (¢, = const >0, ¢,~ T — T ), the interac-
tion of the strain with the pressure P, the energy of the mag-
netized crystal, and the interaction of the magnetized crystal
with the magnetic field. In paramagnets the exponent m
should be even, i.e., the expansion should begin with m = 2.
The minimum value of 7 is determined by whether the
square of the representation I, according to which M
transforms contains the representation I"y, (in which case
n = 1)orI'} (n = 2). In the tetragonal crystals under consi-
deration the components M, and M, transform according
to the E representation, while the component M, corre-
sponds to the representation 4, of the point group D ,, of the
unit cell. Because [E?] = A4, + B, + B, and 42 = A4,, while
the spontaneous strain U transforms according to the repre-
sentation B,, the free energy expansion is of the form

O="/,0,(T) U*+*/,c,U*~UP
+M?2x0—MHAN, U (M2—M?)+0UM 2. (11)
The equilibrium values M and U of the magnetization and

strain are determined from the conditions d® /dU = dy/
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M =0. Replacing M by My=y,H and U by
U, =(— coer ')? in the terms proportional to 4,,,, we ob-
tain the following expressions for U and for the dynamic

striction coefficients D = dU /3H in the case H ||z:

U=[(—co—2Mpo"H?) e, ~"]",  D=—dhps'c., ' HU, (12)
where the effective elastic modulus is given by

¢.y= (UOP)~*=2¢,T". (13)
In fields H ||x we obtain the stiction coefficient as

D=2\, %,*H (¢, +3¢,07%) ! (14)

It follows from (12) and (14) that the striction coefficients
have a characteristic temperature dependence which is due
to the temperature dependence of the spontaneous strain U.
Inboth cases (H ||z and H1z) in the ordered phase of the crys-
tal the striction increases on approach toT,. For H ||z the
coefficient D is proportional to (T'— T'2)~'/?, where T
=T, —24,y5H? ie., itdiverges at 7—T . For Hlz the
maximum value of this coefficient is reached at T~ T, and
in weak magnetic fields this coefficient becomes anomalous-
ly large. The reason for the different behavior of the striction
for H ||z and H1z is that in the first case the phase transition
remains present in the field (and so the elastic modulus goes
to zero as 7— T'/), while in the second case the field
“smears” the transition (U #0 at all temperatures if H, #0).
Accordingly, the striction coefficient can diverge in fields
H ||z, but it remains finite for H1z (in the latter case the stric-
tion coefficient is larger for smaller values of the magnetic
field, since the elastic modulus increases in a magnetic field).
Itis easy to see that these conclusions of the phenomen-
ological treatment agree qualitatively with the results of the
microscopic description (the behavior in H1z was considered
above (in Part 2b) for TbVO,; the case H ||z was studied in
Ref. 3 for TmVO,). However, an approach based only on
group-theoretical and phenomenological treatments does
not establish the relative sizes of the constants A; and, ac-
cordingly, gives the most general description. An adequate
estimate of both the absolute and relative values of the coeffi-
cients A; can be given, as we have seen, in the framework of
our microscopic theory based on the cooperative Jahn-Teller
effect. Importantly, the problem of the relationship between
the constants A, can be solved without complicated compu-
tations, but only if one knows the response to a magnetic
field of the lowest electronic levels which participate
(through vibronic mixing) in the phase transition. For exam-
ple, for the ion Tm?* in tetragonal TmVO, it is known that
its ground, non-Kramers doublet is not split in transverse
fields (g, = 0). If follows immediately that in this compound
A >4, =0. Conversely, in the singlet-doublet-singlet
scheme of the Tb*>* ion in TbVO, we have g, >g), from
which one can conclude that 4, >4 . In a number of cases
the values of A; can be expressed analytically in terms of the
constants of the microscopic theory. For example, writing
the formula for the free energy for 4 = 0, in which case ana-
lytical expressions are known for the levels E; (see Part 3),
and expanding it in a series in the parameter o, one easily
finds that

=g Py AK, (gok*T?) .
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Here

co=A(1—A/kT)Kog,?, c,=K2A*(4\k°T3gt)

where K| is the elastic modulus in the absence of electron-
phonon coupling, and g, is the electron-strain coupling con-
stant.

In an analogous way one can consider the features of
magnetic transitions in elastics. Simultaneously incorporat-
ing both the magnetic correlations and the correlations of
the local Jahn-Teller distortions, we obtain for the case
4 = 0 the following free-energy expansion

1 J I 1 A
= J(1-")s+ e ( ——) 2
=3 J( 2kT)S oo T3\ T 7T)°
b b
A'c Al* 5 (15)

12T 1267
It is easily shown that the last term in (15), by redefining the
exchangeintegral (/' — J~A4S ?),leadstothe “compressible”
Ising model, which for sufficiently large 4 (sufficiently
strong electron-phonon interaction) gives a first-order phase
transition.

5.In summary, on the basis of what we have said we can
draw the following conclusions.

1) Jahn-Teller crystals, because of the substantial elec-
tron-phonon coupling and the anomalous “‘softening” of the
lattice due to the correlation of the local distortions, are a
class of compounds which can support a giant magnetostric-
tion. The stated results of a numerical calculation imply that
the coefficient of dynamic magnetostriction, which deter-
mines the effectiveness of the crystals for practical expoita-
tion, can reach large values at comparatively low external
magnetic fields.

2) The ranges of temperature and external magnetic
field in which the anomalous striction occurs can be varied
by changing the concentration of Jahn-Teller ions.

3) Of particular interest are the magnetoelastic proper-
ties of Jahn-Teller systems having substantial intercenter
magnetic interactions. Such interactions can appreciably en-
hance the striction and the anomalies (due to the exchange of
virtual phonons) in the nonlinear magnetic properties. These
effects are manifested particularly clearly when the tempera-
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tures of the structural and magnetic phase transitions are
close together.

4) We have shown that the correlations of the local
Jahn-Teller distortions in magnets strengthen the “first-or-
der” character of the anomalies at magnetic phase transi-
tions and underlie the microscopic mechanism of the “com-
pressible” Ising model.

We are grateful to K. P. Belov, 1. B. Bersuker, and the
participants in their seminars for helpful discussions of this
study.
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