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CRYSTAL FIELD lNTERACri ON AN3 MAGNETIC ORDER IN GdBa2Cuq0T
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R. ZYSLER1, D.C. VIER2, S. SCHULTZ2, S,B. OSEROFF3, Z. FISKb AND J.L. S}lITHb

*Centro At6mico flnriloclle nnd lnstituto Balsciro, 8400 Bariloche, ARGENTI!JA.
2U1~iversit\ nf (:nilfomla San I)iego, la Jolla Ctl 92093, U.S.A.
3San Diego” Stntr Ill)iversity, Sm Diego CA 92182, U.S.A.
4L00 Alamog Nntltiltnl Laliorntorv, Los Alamos NM 87545, U.S.A.

We rcporl cwlit~rinw~ltal dat)lm tl]e cry~tal field interaction of~d ions

with tllrir (’IIVI Iol]nwllt III (:ll.l:~ll -Yl!1,(:113117. TIIC ESR ~pcrtrlm tIII~a

Scllotlky OII(IIIIIIIV III !Ile spc,.lfic 11{’at of dilute ~ample~ indicate the
existcncr t!f n l’ry~tlll fiel,l nplitt[ng of the 0s712 8r omd grate of the
Cd3+ {onq ,,( ,Il,,)ut l.\K. Sil.te the ningle ion energies involved are of
tl)e nom tl!(h’r l~f m,ap~~ituc!c ns the energies associated with the magnetic
orderinR of llIr Cd nwlnw?llts III CdBa2Cu307 (TN _ 2.24K) we analyze the
●ffectn of tllv l.ryntnl [iel~l interaction on the magnetic transition.

tl,nny cf the recently dincovc~d superconducting oxides, Alla2C11307,(vith
,A - Y or r-arc rartll,q) SIIOW coex[ntcncc of superconductivity and mrignctic

order at low tcmpcraturrn /1 ,2/. It im then of interest to characterize the
type of magnetic order present in the~e materials und to study the inter-
relation of tlli~ order with the superconducting properties.

We report hcr~ ● calorimetric and ●lectron spin resonance (ESR) study
of the crystal field interaction of Cd 3+ ions in the ABa2CU307 structure,and
we analyze its ●ffects on tho magnetic order of the CdBa2Cu307compot’nd. We
have meaaured pure CdBa2Cu307 and dilute sa~lea of GdnEul-xBazCu307 with
0.005<X<0.05, where w. hnva chonen ~U~a2~U307a- a non-magnetic host in order
to seDarace tile nlIlgla ion intrractionn of C# atomm.

The samples ucre prepared by sintering thorou~llly mixad powders of EU203
Cd20~B BaC03alld CUO, in appropriat- concentrations. The raw materials were
●llowad to r~nct in ●ir for 20 l~ours at 9809C. The samples w~r, then grfi~ d,
pressed into ~lellete, h~nted in an oxygen stmosphero ● t 985*C, and S1OW1Y
cooled to room tcmllcrat~lra {n tl)e emc atmoapherc.

Maasurerrml~t~ of the npcciflc haat wera made dobn to 0.4SK using ● semi-
#diabatic cnl(lriwwtcr. 1’IIQ nperlfic bent of GdBa2Cu307wcsentrn ● lambda typ~
anommly penkctl III 2.24K, in agr~’rmer,t with Prcvioue reports /1/. In th~ cage
of dflut~ namlilc~, tile In:lRnctif” contr{l~ution to the Ineanurad apec{fic bent
vah obtained nftrr nllbtrnctlon I!f the np~ctfic heat of the Euu~2cu]~7 hone.

X,0,02



A low tcm~lcl nl l~ro !Illturn w/ii! ohscrvcd for samples of low concentration
as shown in Fit:. ! f~lr x - 0.02. We havo associated this feature with the high
temperature tnl I (1I ~1 Scllot!ky nllomaly due to the crystal field sllittin E of
the ground st,ntc {tf Cdqt ions, hnseci on the results of ESR measurements as
we discuss IN-14}w.

The ESR Rllc?rtrn of I}owdere!l polycrystalline samples with O.0f)5<x<0.05
were rneasurcd nt f) (:IIZ ,w)d 35 C!IZ from 2K to room temperature. At the lowest
temperatures n spl’rtr~wn with rr’l(~lved fine structure was obtained as shown in
Fig.2 for x = 11.07. This %pcctrlwr has a central line around g = 2 and
satellite linen at both sides.

IY?I-I?$II?41+H41+!I llk!t-’wN%H%llw”lH

o 6500
/+(Gauss)

Fig.2. 3?S1! nltlg~”trum for Gdfj,~~Eu0,95Bn2Cu307 measured at ? CHZ.

The sprctt~lm (If pwtlt”rrd nmples Iq expected to show a superposition of
lines arising from nll tlw posslll]e orlrntations of the particles relative
to the applied mrtl!l~~’tic field. I’lleoret{eal simulations have been reported
/3,4/ for Cd?+ for IWO cnwo: CUI,IC and nxfal synznetries. In the first case
four separate satellite line havo been observed experimentally and six in the
case of axial synrmetry. Tile numhrr of soparatc lines observed in our sirmples
md their relativ~ npncinR allowrd ua to describe the spectrum with a simple
●ffective Hnmiltolllnn:

*
- (1)/3) { 3s? - S(s+l))

z h]

,1] though thi~ Ilmnilr.nninn IS appropriate for axial or tetragonal (CQV)
symmetry and tllc Cd sites in ABfi2CU307 Iiave orthorhomhic (C2V) symmetry, the
devintion from t@trnRonrtl symmetry {s very small rnnd the propo~cd Hnmiltoniln

is expected to RiVP a rensonnble descriptio,l of the ●xperimental results. Bv
fitting thr! posit{on of the ESR lines to this Hamiltonian we hnvI? ohtnined a
value Of lD/kBl ~ ~.13K. This value of the crystal field parameter would
give rise to a totnl crystal firld splitting of about I,5K ord a Schottkv
anomaly in tl~e spnrlfic Imat as nhwn in Fig.1 for a positive (curve A) nnd
a negative (4:urve l!) vnltw for l),

When the (:ri m;ll~,lqotir m(lment~ order {n the concentrated svstemCrillnPCttt(J7
the rryqtnl firld Ilitornttioll c-nttsc~ nllisotropy in the rnngnet’ic propertie~.



also be connidt’r($d, uot only tas a source of magnetic an isotropy, but ratl~er
as a possih!e r,nllse for tlie milgnetic order itself. In this case an:iferro.
magnetic or(ler i~ expected /5/ with the Cd moments forming ferroma~netic
chains alli$:nell nlong the a-axis. Mbssbauer spectros copy of ]~~cd ions

should in prinriple provide experimental evidence concerning the reiati~~e
orientation of tllc mafil~etic moments with respect to the symmetry axes of
the electric f{rld gradient at the Cd site , which in turn is related to
the crystal firld interaction. Lhfortunately, a comparison with existing
experimcntnl IInfn is difficult hecaime tile interpretations given by

different a(ttll~~t*~ /fi,7/ arc l~t~t uniqllr.
Tl)c shape {)f the npecific heat nnomaly as a function of temperature

is also expected to depend on the crystal field field interaction. In cases
where this interaction is much larger than 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 ABa2Cu307
compounds with A = Dy or Er, where only a Krmners doublet remains populated
at the tempcrat!lres wl~cre magnrtic order takes place /8/. In the case of
A = (Id, nnd l>c{n~lne (;d’+ ic ON s-state ion, the crystal field interaction
is much wcnkr’r 01111its effectn nre noticeable aroundTN. Our experimental
data for tWiln7(!IId17 arc sl~own In Fig.3, in comparison with the specific heac
of GdVOk , a typlral altiferromagnetic compound /9/ with similar Neel
temperature (TN - 2.5K), At hi~:h temperatures a large specific heat tail
indicates tl~l~t qll(}rt-r:mgo manuetic (~rder is important well above TN , and
at low tcmpernt!~ros n nholtlder is obtlerved , which is characteristic of many
magnetic cnmltnl!ll~lll crmtnining (:d atoms /10/. This shoulder is primarily due
to the II{RII ~lc~l$lioravy (8-fol~l) of tile ground state of Cd3+ ions /10/. In
our case, tllo ~lltl!lltlor nppear?i nroun{l lK , where thermal energies are of the
same order of mnp,n{t~ldo an tlw crystnl field interaction.
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Cnlcu] ation !=~IIw!I t/l.n L for our Oxpcriment. al value of D, only minor cl IaIIgcs irl
the overall slla[)r of tllc specific heat are expected, with a shift of tl~e
transition temperature of about 15%, as showr- in Fig.4.
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Fig.4. Mcai~ f[~l,l (’nl(oulatlon t}r tl~e mngnetic anomnly of the specific heat
for ci{ffr,-c~~l VOIIMSHof tlw rrv~~tnl (Icld parnmctcr Il. Thr molecular field
perametcr lln~ IV’VI1 CIIORPII 10 glvc tile measured Neel temperature for D = O.

,

In concllls{on , we have ob!nined a coherent description for the ESR and
specific heat dntn of dflutesnmples, using a simple crystal field
Hamiltonian wltll nxial nyrnmetry. From this simple model it follows that the
c~ystal field pnrnmeter should he neRative in order to fit the specific heat
data. T~iis is nl,~t} consistent with the shape of the low temperature shoulder
observed for the lnncentruted ~ystem CdBa2Cu307.

We arknnwlrdl!r~ pnrtinl support by CONICE’T (Argentina).
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