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Phase transitions and crossover at high magnetic fields in the Jahn-Teller compound DyV,O
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The influence of a high magnetic field applied along ff@1] axis on the magnetic properties of the
Jahn-Teller compound DyVfQis studied. Two phase transitions and a crossover effect are discovered. For
T<Ty=3 K the destruction of antiferromagnetic ordering of the magnetic moments %f iDys along the
[100Q] direction takes place at the fields around 12 T. In the neighborhood of 21 T the destruction of quadrupole
ordering resulting in the change of the crystal symmetry occurs for all temperatures below the Jahn-Teller
distortion temperaturel <Tc=14 K. The orthorhombic-tetragonal phase diagram inHRel plane is con-
structed. At higher fields the approaching of the low-lying energy levels 8t iys (crossovey exists in the
tetragonal phase. These phase transitions and the crossover manifest themselves as pronounced anomalies of
the differential magnetic susceptibilighv/dH, which is measured at the fields up to 36 T in the temperature
range from 1.4 to 15 K. The effects under investigation are accounted for in the context of the unified
approach, which is based on the crystal-field calculations and mean-field approximation.
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[. INTRODUCTION consequence of the dominance of the long-wavelength
acoustic phonons in causing the cooperative behavior. In
Systems with two types of ordering, Jahn-Teller and mag<contrast, DyVQ shows the breakdown of mean-field theory,
netic, attract considerable interest because of the diversghich is usually attributed to the existence of strong short-
crystallographic and magnetic transitions which occur at lowrange interactions, arising through coupling of the Dy elec-
temperatures. Dysprosium vanadate, Dyy®elongs to tronic levels to optic phone modés$.Below Ty=3 K an ex-
such systems. FofF>14 K it is a paramagnet with the te- ternal magnetic field along the ordering direction a induces a
tragonal zircon structuréD};), at Tc=14 K DyVO, under- metamagnetic phase transition at 0.21 T with a rather com-
goes a structural phase transition, and belgyw 3 K it be-  plicated phase diagragsee, e.g., Ref.)4
comes an Ising antiferromagnet. The miscellaneous The magnetic field is known to have a pronounced effect
properties of this compound are investigated in many papersin the quadrupole ordering in rare-ea(fRE) compounds,
a survey of the work that has been done is given in Ref. 1both an increase and decrease of the quadrupole order pa-
Spectroscopic and thermodynamic characteristics of DyVOrameter being observed depending on the magnetic field di-
have been studied in subsequent work, but investigations irection related to symmetry axes of the crystal. The induced
high magnetic fields are absent, as well as are missing suffiguadrupole ordering has been studied by different experi-
cient spectroscopic data for the ground multiplet ofDn =~ mental techniques for a number of oxide and intermetallic
DyVO,. High-field investigations allow one to observe new RE compounds, whereas the destruction of quadrupole order-
phase transitions and to obtain information about the higheiing is explored poorly. One can note the ultrasonic studies of
lying energy levels which usually are not involved in the the destruction of quadrupole ordering by a magnetic field in
consideration of spontaneous and low-field characteristicanother RE compound with the zircon structure, TmVO
and effects. Hence high-field experiments require the interTc=2.15 K, uoHc=~0.6 T).° The calculations of this effect
pretation in the framework of more general approaches. were carried out in the pseudospin formalism considering
The influence of a high magnetic field on the quadrupolewo lowest-lying energy levef$®
and magnetic orderings in dysprosium vanadate at low tem-
peratures is explored in this work. Below the temperature of
a structural phase transition.=14 K the structure of dys-
prosium vanadate is orthorhombic, with space grdilﬁﬁ, The measurements were performed on single-crystal
resulting from a crystal distortion along th&00] axis (B;;  samples, grown by the well-known method of spontaneous
strain. The structural phase transition is a cooperative Jahrerystallization from solution, with a typical size X1
Teller effect? which is conventional to consider as an order- X 5 mn? where their length was parallel to tfi@01] direc-
ing of the quadrupole moments of the Pyons, associated tion. The differential magnetic susceptibilitgM/dH of
with a peculiar character of energy levels of two low-lying DyVO, was measured by the induction method in the tem-
Kramers doublets. The mean-field theory has been shown feerature range 1.4—15 K at the pulsed field along[@®d]
provide a good description of the quadrupole effects in thalirection. The magnetic field was generated by the discharge
majority of Jahn-Teller compounds, Tb\fJ@nd TmVQ, in-  of capacity bank on the copper coil. The maximum field
cluded. The validity of the mean-field approximation is avalue of 36 T was reached in 100 ms, the downsweep time

II. EXPERIMENT
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netic susceptibility along th€001] axis and in the basal plane in
DyVO,. The lines are variations calculated with CF of this work
(continuoug and of Ref. 6(broker).

FIG. 1. Experimental differential magnetic susceptibility
dM/dH of DyVO, for upsweep(open circles and downsweep
(solid circleg at various initial temperature$||[001]. The curves

for T=10 and 1.4 K are shifted along the vertical axis by three and N _
six units, respectively. sensitive to the change of electronic structure of thé*lign

o ) ) caused by the quadrupole ordering. We note that the domain
was about 1 s. The digital recording of the signals from thestate of a sampléboth for the quadrupole and magnetic or-
measuringM(t) and fieldH(t) coils was made with the step gered statashas no effect on these anomalies since any pos-

~0.05 T during the field pulsgabout 800 points The dec-  sjple type of domain yields the same contribution for this
ompensation signal of the measuring coil was recorded undgi;ge.

the same conditions in the absence of a sample and sub-

tracted by a program. The programmed experimental data IIl. THEORY
processing consisted in calculating smoothed magnetization . ) o
function M(H) and its derivativedM/dH. The pulse dura- To calculate the influence of high magnetic fields on the

tions were such that the magnetization regimes can be coffh@se transitions and magnetic properties of Dy\@e use

sidered as being close to adiabatic for upsweep and isothef- Hamiltonian{ which incorporates the crystal-fielCF)

mal for downsweep, except a transition process whicHHamiltonian™ ¢ written in terms of thg equwalent operators

accompanies the change @F/dt sign. The misorientation Oh- the Zeeman territt; and the Hamiltonians of exchange/

of the field with respect to thg001] direction in the condi- diPole y and quadrupolé{qr interactions, responsible for

tions of our high-field experiment was equal for all runs angthe antlferromagnetlc and quadrupole orderings of relevant

did not exceed 2°. The magnetization measurements jfioments of Dy* ions:

steady magnetic fields up to 8 T were also performed in -

order);o degr]ive the initial rﬁagnetic susceptibilit; in the tem- H=THep+ Hz+ Hu* Hor
erature range 1.6—-300 K.

P Experimegtal curves of differential magnetic susceptibil-7{cF= ;8309 + By(BJO + B3O + 7,(BOR + BgOg),

ity dM/dH(H) of DyVO, at H||[001] are presented in Fig. 1 1)

for the temperatures from three characteristic intervals. At Hz==0smsHJ.

T=1.4 K< Ty three anomalies are seen in the susceptibility, ' N e
i In the mean-field approximation for a magnetic field in xize
curve: sharp peaks ai.; and H, and a less pronounced

anomaly atH.,. For Ty<T=10 K<T. one can see two plane, for an ion fronith sublattice(i=1 and 3 H,, takes

anomalies, and &t=15 K> T a wide maximum ofiM/dH the form:
takes place in the high-field region, which is better seen at Hui = MMpdi  AMdzs M| = gyue(d));
downsweep.

Figure 2 shows the experimental temperature variations of i=1.2: i, @

reciprocal initial susceptibility along tH@01] axis and in the

basal plane. Distinct anomalies connected with the spontanén these expressior] are the crystal-field parameters;,

ous structural phase transitioguadrupole orderingat 14 K B;, y; are the Stevens coefficientg,is the Lande factor] is

and with the onset of the antiferromagnetic ordering alonghe angular momentum operator of the RE ion.

the [10Q] axis at 3 K are seen. The inset in Fig. 2 demon- As is well known, the cooperative Jahn-Teller effect is a
strates that the susceptibility along the hard §@&l] is very ~ phase transition which is driven by the interaction between
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localized orbital electronic states and the crystal lagite. ) 1 CE KT 12l
the case of DyVQ the quadrupole momer®,=a(O2) is Q2= a0y = “JEE e =8 l(i|Ogli), (6)
the order parameter, in so far as bel®wthe distortion is of '
B,y type, and the Hamiltonian of quadrupole interaction canare calculated for the spectrum and wave functions of the
be reduced to the expressigee Ref. Y. Dy®* ion which are deduced from a numerical diagonaliza-
) o o by ) 5 tion of the total Hamiltoniar#{ (1) for everyH and T with
Haor=-a3G"(03)05= a;B50;, B3=-a;GX03), (3)  the solution of necessary self-consistent problems. For adia-

- . . batic regime a magnetocaloric effedfT under the field
where the total quadrupole coefficie@t includes contribu- change fromH to H+AH is calculated by the formula:

tions from both the one-ion magnetoelastic and two-ion

guadrupole interactions. Note tHt,r is equivalent, in prin- M AH d AH

cipal, to the terma B202 of the CIlE:g Hamiltonian. Hence in AT= _T<<9_T) o= (%9) o @

the ordinary mean-field approximation the paramﬁéde- HoH T

pends onT andH as does the quadrupole momeéyt. The  with a step sizé\H small enough to provide a conversion of

mean-field approximation, meanwhile, is knd#rto be of  the numerical procedure. In relati¢f) the total heat capac-

limited validity for description of the Jahn-Teller correlations ity Cy includes the lattice heat capacityCpy

in DyVO,. For instance, the Jahn-Teller transition tempera=127*/5kg1(T/Tp)* (the Debye temperature for the zircon

ture T calculated in the mean-field approximation is aboutlattice beingTp=275 K2 v=6) and the magnetic heat ca-

19 K, instead of 14 K in reality. pacity Crae The magnetic contribution to the entropy is
To account for the first-order Jahn-Teller phase transitiorgiven by the expressio(per one RE ioh

in DyAsQ,, Pageet al® in the framework of pseudospin

formalism introduced a modified mean-field model analo- Shag= kB('” 7+ @) (8)

gous to the compressible Ising model of magnetic systems. kgT

The effective interaction was assumed to increase with or;

i R > where(E) is the mean energyC,q4 and other quantities in
dering as)’ =Jo(1+£0%)%), where¢ measures the strength of Eq. (7) are calculated with the help of above-mentioned nu-

the “compressibility” and o) is the order parameter. X-ray erical diagonalization of the total Hamiltonian.
diffraction data suggest that the origin of the paramétar
DyAsQ, is anharmonic interaction involving af,, zone-
center phonon. Comparable x-ray data are not available for IV. CRYSTAL FIELD AND INITIAL MAGNETIC
DyVO, but a similar interaction is likely to be present al- SUSCEPTIBILITY

though it must be weaker since the Jahn-Teller phase transi- The CF parameters of DyVare actually unknown,
tion appears to be of second order. The “compressiblesince there are no sufficient spectroscopic data for thi Dy
model was successfully_used for interpretation of gxpgrimenron in DyVO, in tetragonal and orthorhombic phases. In Ref.
tal data for the specific héamnd for changes in linear 14 the CF parameters of the tetragonal DyM@ere derived
birefringencé’ associated with the cooperative Jahn-Telleryth the usage of some interpolation procedure. They give
phase transition in DyV@Q o _ the value of energy gap between the two low-lying Kramers

In pseudospin formalism, the Pauli spin operatdin the  doubletsAE less than 1.5 cit. AE is of crucial importance
order parametefs?) operates between the two low-lying for the effects under consideration as will be seen from what
Kramers doublets of the By ions. In our more general ap- follows. In our work® devoted to experimental and theoreti-
proach, the order parameter is the quadrupole moment, catal investigations of the thermal expansion anomalies in
culated on the basis of the whole ground multiplet. The genbyvO, associated with the cooperative Jahn-Teller phase
eralization of the compressible model introduced in Ref. &ransition, the CF parameters were derived when taking into
for B3 in Eq. (3) gives account thahE~9 cni'. Those CF parameters are eq(al

cmhy: BY=-79, BY=35, BY=-41, Bi=676, Bi=126. The
QuT,H) QuT.H) |? ’ X itting in tt ¥
53:33(0) PASE) 1+§{ 2 } , (4) value of ground state splitting in the tetragonal phage
Q2(0= 0) QZ(OI O)

~9 cmi! was found in the optical absorption spectroscopy
) i _studies of the low-lying energy levels of Dy\jOunder
where £=0 correspond52 to an ordinary mean-field approxi-niaxial stresgRef. 15, then it was presented in the reviéw
mzatlon_. The value of8; at H=0 and low temperatures, f,ndamental for understanding of Jahn-Teller transitions and
B3(0), is found from the appropriate splitting of the Iow- ¢,ther was used and cited in the works concerning DyVO

lying Kramers doublets, equal to 27 chi'*? Calculations have shown that our experimental data for
The magnetizatioM, temperature variations of initial magnetic susceptibijty)
1 and anomalies of magnetic properties in high fields could not
M = gyup(d) = gJ’uBZ e EkeT(j|a]iy, z= D e EilkeT, be interpreted with the help of those CF parameters. So we
I

[ have derived a new set of CF parameters on the basis of our

(5) experimental data fox(T), values ofg-tensor components
and available information on the structure of ground

the differential magnetic susceptibiligM/dH and the quad- multiplet! We emphasize that our findings for the high-field

rupole moment,, magnetic properties are not used in this fitting. From the sets
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best describing the experimental data we have chosen a set

which is the closest to that of HoV3¢ because the CF of 100}
HoVO, is considered to be very reliable and the CF param- _—
eters for neighboring ions in the same compound are known ‘s 50¢
to differ only slightly. The used CF parameters are edimnal S/

cm Yy 0
B3=-92,B%=47.3,B0=-40.6,B;= 900, B¢ = - 75.8. -50} 1

(9) ’ ’ 0.6
For them the splitting\E comprises~3.5 cnit. This split- 2 15t DyVO,
ting is in accordance with Raman and UV studies of the g H]|[001]
energy spectrum of the By ion in DyVO, above 14 K o T=15K
(Refs. 11 and 1Rgiving AE<5 cni! and contradicts the s
data of Ref. 15 discussed above witE=9 cni, %10_

The best fit to the magnetic data with the CF parameters
((9)) are shown in Fig. 2 as continuous lines. Fox T
=14 K the calculations are performed with regard ﬁo[Bq.

(4)]. Curves calculated with CF from Ref. 6 demonstrate that
the susceptibility along the hard directiof®01], is poorly
describedFig. 2, broken curve We note that any other set
of CF parameters which yields the splittingE~9 cni!
does not give a better description. The susceptibility in the
easy basal plane is not that sensitive to the value of this u H (T)
splitting, as is seen from Fig. 2. 0

(dM/dH)

FIG. 3. Differential magnetic susceptibilihvl/dH (lower par}
and a fragment of Zeeman effect with three low-lying Kramers
V. MAGNETIC SUSCEPTIBILITY IN HIGH FIELDS doublets, interacting levels are markedpper part of DyVO, at
T=15 K, H||[001]. Magnetic susceptibility calculated with the
(@ T>T¢: In the tetragonal phase of DyV,Ghe field  CF parameters9) is given by continuous line for the isothermal
along the tetragonal axisj[|[001], results in increasing of regime and by dashed line for the adiabatic regime. Dotted line:
susceptibility dM/dH with a maximum aroundugHg;  calculation for CF givingAE=~9 cni! in the isothermal regime.
~31 T (Fig. 3, lower part Analogous anomalies in suscep-
tibility take place for other temperatures as w@lig. 1), the  susceptibility maximum. Thus information regarding the ex-
field H.z being weakly dependent on temperature. As calcueited energy levels can be obtained from the magnetic char-
lations indicate, the increase in susceptibility is caused bwcteristics in high magnetic fields.
approaching of energy levelsrossover (Fig. 3, upper pait (b) TN<T<Tc. For this temperature range a rather sharp
It occurs when the lower level of the third doublet with a peak indM/dH curve appears at the field.,. This peak
large component of thg-tensorg, approaches the ground existing only below F shows the influence of a magnetic
level and changes its wave function. The anomalies of thdield H||[[001] on the quadrupole ordering. It destroys the
dM/dH(H) curves caused by the crossover were observeduadrupole ordering and raises the crystal symmetry from
and studied earlier for a number of RE zircgsse, e.g., Ref. orthorhombic to tetragonal. A subsequent increasing of the
17). field gives rise to approaching of energy levels and the
Figure 3 illustrates a reasonable agreement of experimeranomaly in susceptibility analogous to thatTat15 K. This
tal and calculated isothermal and adiabatic curvessituation is displayed in Fig. 4lower pary for T=7 K,
dM/dH(H). (The dotted curve will be discussed belpw  ugH,=21 T. The magnetocaloric effect calculation for this
difference in height of the calculated isothermal peak and thénitial temperature gives an insignificant temperature change
experimental one for downsweep may be attributed to thén the fields less thaml,, so the isothermal and adiabatic
deviation of temperature from 15 K because of the magnedM/dH(H) curves differ little from one another &t <H.,
tocaloric effect in upsweep and the following transition pro-and in the region of the quadrupole ordering destruction.
cess. Such reasonable agreement serves as a verification ofFor the field orientation strictly along th@01] axis, a
the CF((9)) found from alternative experimental data on the destruction of quadrupole ordering occurs as a second-order
temperature dependencies of initial magnetic susceptibilityphase transition. A misorientation results in a smearing out of
We note that for any set of CF parameters giving the gaphe phase transition. In Fig.(@ipper parttwo pairs of curves
AE=~9 cni! the crossover peak afM/dH is much higher are presented, fof=0 (ordinary mean-field approximatipn
than in experiment, as is seen, e.g., from the dotted curvand£=0.3(compressible modglThe mechanism of the sup-
calculated with CF from Ref. 6. Our extensive calculationspression of the quadrupole ordering by a magnetic field may
have shown that in all cases of CF givindE=~9 cni?, the  be described as follows. The application of a magnetic field
character of higher-lying energy levels is such that the levelso the system removes the degeneracy of Kramers doublets
in the crossover move closer together giving rise to a higheand rearranges the energy spectrum. The Jahn-Teller strains
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FIG. 4. Differential magnetic susceptibiligM/dH of DyVO, 2 4
for T=7 K (lower pary. Calculated curves are given by continuous
line for the isothermal regime and by dashed line for the adiabatic . : .
regime, £=0.3 [see Eq.(4)], the magnetic fieldH is tilted by & 0 10 20 30 40
=1° with regard to thd001] direction. Calculated field dependen- HOH (T

cies of the quadrupole momeQZ:aJ(Oi) (upper part are dis-

played for two different sets ob and £, FIG. 5. Differential magnetic susceptibiligM/dH of DyVO,

for various initial temperaturek,: experimental for upswesgower

. . d calculated in the adiabati i
change the spacings betweens the doublets. If the f|eld3—art) and calculated in the adiabatic regirupper par:

induced splittings of the low-lying doublets are sufficiently
large the energy which is gained by a Jahn-Teller distortion
does not overcome the associated decrease in the entropy and

no distorted phase will exist. DyvVO
Experimental curves adM/dH(H) for Ty<T<Tc (Figs. 24f 4

1 and 4 make it apparent that in DyV{the susceptibility Hjfoo1]

peak associated with the quadrupole ordering destruction is _ 18}

essentially narrower and higher than the peak caused by the =)

crossover. We emphasize that calculations with any CF giv- = 12

ing AE~9 cni! reveal an alternative picture of a sharp peak
in the crossover, similar to that presented in Fig. 3 by dotted
curve, and a hardly noticeable peak at the quadrupole order-
ing destruction. Thus our experimental findingSgs 2—9
suggest the energy gap in the tetragonal phade
~3.5 cn}, in accordance witlAE<5 cnit (Refs. 11 and

12) and in contrast tdAE~9 cni? (Ref. 15. The reason of
this contradiction is not clear. It might be that this splitting is
very sensitive to the stresses resulting from the crystal
growth or the sample mounting and differs for different se-

----T,=12K

ries of samples and experiments. But generally speaking, it is —T,=4K
a puzzle. ) ) )

The field dependencies of differential magnetic suscepti- 0 10 20 30 40
bility, experimental for up-sweep and calculated in adiabatic ”0H (T)

regime, for the initial temperaturd%> Ty are shown in Fig.

5. The two sequences of curves for increasing temperdgire  FIG. 6. Variation of the sample temperature due to magnetoca-
are rather similar. A variation of the character of magnetocatoric effect T(H) for various initial temperature¥,: (1) 4 K, (2)
loric effect with increasing initial temperature should be 7 K, (3) 10 K, (4) 12 K, and(5) 15 K (upper part Fragment of
noted (Fig. 6, upper pait The Zeeman effect calculated in Zeeman effect calculated in the adiabatic regime for two initial
the adiabatic regime for two initial temperatures 4 and 12 Ktemperatured, (lower pary of DyVO,, two lowest-lying Kramers
(Fig. 6, lower part helps to account for this variation. At doublets are shown.
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FIG. 7. H-T phase diagram of DyV® The lines are calculated , 1z . 0
with: (1) 9=0°, £=0; (2) 9=0°, £=0.39;(3) ¥=2°, £=0.39; and 0 10 20 30 40
(4) 9=1°, £=0.3. Symbols are experimental point@), in the wH (T)
up-sweep of the fieldthe temperatures are corrected for magneto-
caloric effecj; (@), in the downsweep of the field. FIG. 8. Differential magnetic susceptibiligM/dH for up- and

downsweeps together with the calculated cudeshed ling(upper

To=4 K the splitting of the ground Kramers doublet by a parb anq field dependencies of the projectionsxandz axes of
magnetic field gives rise to a decrease of the magnetic part §fagnetic moments; andM (lower parj of DyvO, at 1.4 K.
the entropy{see Eq(8)] and thus to heating under magneti- ) ) . .
zation. ForTo=12 K a contribution to the magnetic part of H-T phase diagrams are obtained with the compressible
the entropy from the second doublet is essential because tfeodel parameteg=0.39. This is the first attempt to con-
temperature is higher and the initial gap between the doustruct theH—T phase diagram for the field-induced destruc-
blets is lesgthe gap is proportional to the quadrupole mo-tion of quadrupole ordering in DyVp
ment, which is temperature dependei this situation the ~ (¢) T<<Ty: Below Ty at the critical fieldH, the destruc-
magnetic part of the entropy increases, this results in coolin%jon of antiferromagnetic ordering along tfE00] axis by the
of the sample up to the critical field,. After the destruction  field perpendicular to the magnetic moments of Dions,
of quadrupole ordering, the character of Zeeman effect ret[[001], and a transition to the state with magnetic moments
veals a more rapid decrease of the magnetic entropy and @iented along the field direction occur in Dy\Qn higher
more rapid heating of the sample. fields the effects described above take place. To account for
In Fig. 7, the phase diagram in the-T plane for DyvQ,  the experimental data d=1.4 K one may suggest an influ-
with H|[001] is given. Theoretical curves 1 and 2 are ob-€nce of relaxation processes on the shape of peaks_ and criti-
tained as self-consistent solutions of the equatiT,H)  cal fields for thedM/dH(H) curves. Indeed, an essential hys-
=0 for 9=0 and different values of compressible paraméter teresis for up- and downsweep is seen in Fig. Taf.4 K.
[Eq. (4)]. Curve 1 in Fig. 7 corresponds to the ordinary C_qlculatmns of magnetocaloric effect havg revealed an insig-
mean-field approximation wit§=0, which givesTc~19 K.  nificant change of temperatufiey some decimals of Kelvin
If we take £=0.39 the Jahn-Teller phase transition temperaConsequently the hysteresis can not be ascribed to the mag-
ture T equals its experimental value 14 (€urve 2. These netocaloric effect.

curves show that the effect of “compressibility” is relatively ~ Figure 8(upper part shows a good qualitative, but not
more essential fol. than forHc. quantitative, agreement between the data and the calculated

In order to discuss experimenta| values of the f|H|97 CurVeSdM/dH(H) (the isotherm and adiabat coincide be-

the temperature dependencies of the critical fields which coicause of a weak magnetocaloric effeaf DyvO, at T
respond to the peaks of the susceptibitityl/dH, calculated =1.4 K. Also shown in Fig. &lower par} is a field depen-
for a small misorientation of the field out of tfig01] direc- ~ dence of projections of magnetic momerié; and M,
tion, are presented in the same phase diagram. The curvesidich form atH=0 an antiferromagnetic structure along the
and 4 are obtained fo¢=0.39 and the misoriention angle @ axis(allO,) for the field misorientation by 1° with respect
9=2° and¢=0.3 andd=1°, respectively. Symbols are ex- to the c axis (cllO,) in the xz plane. Calculations are per-
perimental findings. The downsweep magnetization procesg®rmed on the full Hamiltonian, self-consistent problems for
is considered as corresponding to the isothermal regime. Ithe five order parameter®,, My,, M1y, My, M,, are solved.
upsweep the appropriaté., T points are corrected for the Exchange parameters in HQ) have been estimated with the
magnetocaloric effect. It is seen that agreement with experihelp of the known value ofy:\,=\,=0.030 cm?/ ug. Cal-
mental findings is more or less reasonable for both curves, @ulations have shown that consideration of anisotropy of ex-
and 4. It we taked=2° the correct value ofc=14 K and a  change interactiof\,# \,) leaves the results practically un-
reasonable agreement of the experimental and calculateghanged.
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Field dependences of thd,; and M, projections for a the field dependence of differential magnetic susceptibility.
small misorientation angléy=1° demonstrate a very large They are accounted for within the unified approach. Our cal-
anisotropy which is formed by CF and is a characteristicculations of the high-field magnetic properties of Dyy¥i
feature of many RE compounds; it manifests itself, in parthe framework of the conventional crystal-field model with
ticular, in highly anisotropicg tensor at low temperatures regard to quadrupole and exchange interactions are in rea-
(9.~19,9.~0.5, Ref. 3 In the fieldH, the sublattices are sonably good agreement with experimental data thus con-
parallel but the total magnetic moment is far from beingfirming the validity of our interpretation.
parallel to the field direction, e.gihy(H=H)~56° for 9 To conclude we compare the situation in Dyy®ith that
=1°. In the model under consideration the transformation ofn the other Jahn-Teller compound Thy.Orlerbium vana-
the system to the state with parallel magnetic moments ocdate undergoes a Jahn-Teller cooperative distortiofipat
curs as a second-order phase transition. A field misorienta=33.1 K, determined quite precisely from the anomaly in the
tion with respect to thg001] axis does not smear out the heat capacity. Below this temperature, the structure is ortho-
transition in contrast to a smearing out which occurs in theehombic with space grouD%ﬁ, resulting from a crystal de-
case of destruction of quadrupole ordering. Therein lies théormation along th¢110] axis (B, strain. The order param-
differgnce .in the .roIe of CF for the quadrupole and magneticeter is the quadrupole momeQy, = aj<%(Jny+JyJX)>. High-
orderings in particular. field studies is of evident interest for Th\fOvhere the
quadrupole order parameter is of different symmetry. Our
preliminary calculations with available CF parameters and
information on the splitting of the low-lying energy levels of

Our experimental and theoretical investigations of thethis non-Kramers ion in tetragonal and orthorhombic phases
low-temperature phase transitions and magnetic properties dwve revealed the destruction of the qudrupole ordering by
the Jahn-Teller compound DyV,On a high magnetic field the field H|/[001]. Measurements of this phenomenon can
have shown that af < Ty, the field along th¢001] direction  provide valuable information on the ground multiplet struc-
first destroys the antiferromagnetic ordering of magnetic moture and CF parameters, which are not reliably establi¢hed.
ments of Dy* ions along thg100] axis forcing their align- We have also predicted crossing of the two lowest-lying en-
ment along the field direction. Next, the destruction of quad-ergy levels resulting in a peak of magnetic susceptibility
rupole ordering and the rise of crystal symmetry fromdM/dH in higher fields. As our calculations in adiabatic re-
orthorhombic to tetragonal occur, the quadrupole momengime have shown these anomalies should be observable at
Q,=ax(03 is reduced to zero. On further increasing of thepulsed fields for initial temperatures less than 10—15 K be-
field, another essential rearrangement of the energy spectrug@use of essential cooling of a sample near the crossover due
of Dy3* ions takes place, namely, an approaching of energy® magnetocaloric effect.
levels happens in the lower part of the multiplet. For
Ty<T<Tc the second and third events from listed above ACKNOWLEDGMENT
occur, atT>Tc only the third one takes place. All these  This study was supported, in part, by the Russian Basic
transitions/effects are accompanied by pronounced peaks Research Foundation.
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