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We report experimental datnoen the crystal field interaction of Gd ions

with their envivronment In Ch Fuy_,Na,Cu305 . The FSR spoetrum and a
Schottky samomnly in the aperilic heat of dilute samples indicate the
existence of n cryatnl field aplitting of the e57/2 ground scate of the
Gd3* {one of ahout 1.5K. Sirce the aingle ion energies involved are of

the mame osder of mapnitude ns the cnergies associated with the magnetic
ordering of thr Cd miments in GdBa,Cu30y (TN = 2.24K) we analyze the
effects of the cryatnl field internction on the magnetic transition.

Many cf the rccently discovered superconducting oxides, ABa,Cuy04,(with
A= Y or rare cartha) show coexiatence of superconductivity and magnetic
order at low tempecratures /1,2/. 1t ims then of interest to characterize the
type of magnetic order preaent in thesec materials und to study the inter-
relation of this order with the superconducting properties.

We report here & calorimetric and electron spin resonance (ESR) study
of the crystal ficld interaction of Gd** ions in the ABa,;Cuy07 structure,and
ve analyze its effects on the magnetic order of the GdBap;Cuj0;compound. We
have measured pure GdBa;Cu3O; and dilute samples of GduEu)-xBa;Cuj07 with
0.005<x<0.05, where we have chosen EuBa;Cu3O7ss a non-magnetic host in order
to separate the mingle jon intcractions of Gd atoms.

The samples wcre prepared by sintering EhorOughly mixed powders of Eu,04
Gd;0y, BaCOjand fu0, in appropriate concentrations. The raw materials were
alloved to renct in air for 20 hours at 980°C. The samples were then grou d,
pressed into pellets, hented in an oxygen atmosphern at 983°C, and slowly
cooled to room temperature {n the same atmosphere.

Measuremcnte of the speciflic heat were made down to 0.45K using s semi-
adiabatic calorimeter. The mpecific heat of GdBa;Cuy0y resents a lambda type
anomaly penkcd at 2.24K, in agreement with previous reports /1/. In the case
of dilute mamplen, the magnotic contribution to the measured specific heat
wan obtained after subtrnctlon of the mpecific heat of the EuBaj;Cuy0; hoat.
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Fig. 1. Sprciflc heat of Gdgy, g2Fug,19BayCuy0y.



A low tempernture upturn wna ohserved for samples of low concentration
as shown in Fip.! for x = 0,02, We have associated this feature with the high
temperature tall ot 4 Schottky mmomaly due to the crystal field splitting of
the ground state of d?* ions, hnsed on the results of ESR measurements as
we discuss below,

The ESR spectrn of powdered polycrystalline samples with 0.005¢x<0.05
were measurcd at 9 CH2 and 35 Cllz from 2K to room temperature. At the lowest
temperatures a spectrim with retolved fine structure was obtained as shown in
Fig.2 for x = 0,05, This spcctrum has a central line around g = 2 and
satellite linen at hoth sides.
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Fig.2. ESR mpectrum for Gdy, gsEup,n5sBasCu30; measured at © GHz.

The apectium of powlered simples (s expected to show a superposition of
lines arising from nll the posalhle oricntations of the particles relative
to the applied mapnetic fteld. Theoretical simulations have been reported
/3,4/ for Cd¥* for two cancs: cublic and axial symmetries. In the first case
four separate aatellite line have been observed experimentally and six in the
case of axial aymmctry. The numher of scparate lines observed in our samples
and their relat{ve apacing allowrd us to describe the spectrum with a simple
effective Hamiltoninn:

ég = (/3 {35 - s(541)) [1)

Although this lamiltonian 18 appropriate for axial or tetragonal (Cuy)
symmetry and the €d sites in ABajCu30; have orthorhombic (C,y) symmetry, the
deviation from tetrngonal aymmetry is very small and the proposed Hamiltonian
is expected to give a rensonable description of the experimental results. Bv
fitting the position of the ESR lines to this Hamiltonian we have ohtained a
value ot lD/kB| » 0,13, This value of the crystal field parameter would
give rise to a totnl crystal field splitting of about 1.5K ard a Schottky
anomaly in the specific hrat as shown in Fig.l for a positive (curve A) and
a negative (curve K) value for D,

When the ¢d mapnetic momenta order {n the concentrated system GdhaxCua0y
the crystal fiecld Interaction cnuses anisotropy in the magnetic properties.

A tiegative value of D favora, at T = (K, ordering of the magnetic moments
parallcel to the aymmetry axds of the cryatal field interaction, and npoaitive
value of D favora ordering {n the plane perpendicular to {t. The negative
value of D augprated hy the {nterpretation of our apecific heat data in terms
of the simple cryntal field Namiltonian of Eq.1, would indicate magnetic
order along the ¢ nxin, However, clasmical dipole-dipole interactions should



also be conaidered, not only as a source of magnetic anisotropy, but rather
as a possible cause for the magnetic order itself. In this case antiferro-
magnetic order is expected /5/ with the Gd moments forming fevromacnetic
chains alligned nlong the a-axis. Mossbauer spectroscopy of !5°Gd ions
should in principle provide experimental evidence concerning the rejative
orientation of the magnetic moments with respect to the symmetry axes of
the electric ficld gradient at the Gd site, which in turn is related to
the crystal ficld interaction, Unfortunately, a comparison with existing
experimental dnta is difficult because the interpretations given by
different aathora /6,7/ are not unique,

The shape of the apecific heat anomaly as a function of temperature
is also expectcd to depend on the crystal field field interaction. In cases
where this interaction is much larger thtan the magnetic energies involved
in the ordering process, its main effect is to partially remove the
degeneracy of the free ion ground state. This is the case of the ABa,Cu,0,
compounds with A = Dy or Fr, where only a Kramers doublet remains populated
at the tempecratures wheore magnetic order takes place /8/. In the case of
A = Gd, and hecanse ¢d¥* i an S-srate ion, the crystal field interaction
is much weaker md its effects are noticeable around Ty. Our experimental
data for CdiinsCu 9 are shown in Fig.l, in comparison with the specific heat
of Gdvoy , a typlical antiferromagnetic compound /9/ with similar Neel
temperature (Ty - 2.5K). At hipgh temperatures a large specific heat tail
indicates thnt alhort-ringe mapnetic order is important well above Ty » and
at low temperaturrs a nhoulder is obnerved, which is characteristic of many
magnetic compoundt containing €d atoms /10/. This shoulder is primarily due
to the high depeneracy (8-fold) of the ground state of Gd3Y ions /10/. In
our case, the ahoulder appearn around 1K, where thermal energies are of the
same order of mapnitude am the cryatnl field interaction.
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Fig.3. Specific heat for 1dBastiuq09. For comparison {t is also shown the
speacific heat of the antifcrrormegnetic compound GdVO,.

1. order to analyrze cheetfects of this interaction on the specific heat
tempe rature dependence, we have carried out a mean field calculation of the
magnetic traraiticn including nn axinl crystal field term, as given by Fq.l.
It was observed {n thin model that at temperatures helow -Tn/2 , the energy
levela are almont temperature indeperdent and equally spaced in ahsence of
crystal ficld interaction, Thia given riae to the low temperature shoulder
fn the apecific henty aa ahown {n Fip.b4, where we display C/T vs, temperature
in order to visunlly cnhance the preaence of the shoulder. Our mean field



calculation shows that for our ecxperimental value of D, only minor changes in
the overall shape of the specific heat are expected, with a shift of the
transition temperatuvre of about 15%, as shown in Fig.4.
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Fig.4. Meon fletd ealcuiation of the magnetic anomaly of the specific heat
for diffevent volues of the eryntal fleld parameter D, The molecular field
perametcr has heen chosen Lo glve the measured Neel temperature for D = 0.

In conclusion, we have obtained a coherent description for the ESR and
specific heat datn of dilute snmples, using a simple crystal field
Hamiltonian with nxial aymmetry. From this simple model it follows that the
cvystal field parnmeter chould be negative in order to fit the specific heat
data. This is alan consistent with the shape of the low temperature shoulder
observec for the t(nncentrated uystem GCdBa;Cuj07.
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