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Exchange interactions of YB'* ions in Yb,Y,_«Ba,Cuz0,
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The EPR spectrum of Y4 ions in Yh Y1 «BaCu0, (x=1.0, 0.9 is studied as a function of temperature.
In the oxygen-deficient superconducting phase, th&"HPR spectrum comprises a broad EPR line described
by a rhombicg tensor and anisotropic linewidths along the principal axes. Analysis of the EPR linewidth
provides an estimate for the effective isotropic exchange interaclitg~0.3 K, between YB' ions, indi-
cating that the magnetic ordering of the ¥tsublattice is determined by the interplay between the short-range
exchange interactions and the long-range dipole-dipole interacfi0463-182@08)06737-X|

One of the interesting features of the where the MWA signal has been substantially reduced, at
RB&,Cu;0, (R123) (R=rare earth compounds is the coex- least in the higher temperature randégs. a and ib)].
istence of superconductivity with the antiferromagneticThe EPR spectra for both samplBsomprise the contribu-
(AFM) ordering of the rare-earth sublattiteyhich is be- tion of an intense, almost “isotropic” EPR line in thg
lieved to be the result of the relative isolation Rf* ions  ~2 region, more pronounced at low temperaturég (
from the CuQ superconducting layers. Theoretical work has=4-30 K), which can be related to the EPR signal from
shown that the dipole-dipole coupling &* ions is the localized clusters in oxygen-deficieR123 compound$® a
dominant long-range interactiofRef. 2 which, however, weak anisotropic Cii EPR spectrum and an intense broad
only partly accounts for the observed AFM ordering of Bie EPR signal ag.s~3.42 overlapping with MWA at low tem-
layers, implying the presence of significant exchangeperatures, which results from the EPR absorption of'Yb
interactions’ EPR spectroscopy has been employed to eluciions.
date the origin of the magnetic coupling of Edions in According to the crystal-field interaction of ¥b (49
GdY;_,Ba,Cu0,.* M It was established that the EPR line- in YbBa,Cu;0; (Ref. 14 that splits the eightfold degenerate
width for high Gd concentrations is mainly determined by?2F,, ground term in fourl's Kramers doublets, the EPR
the dipole-dipole and exchange interactigRefs. 6—-8 and  spectrum of the ground doublet is described by a rhombic
to a lesser extent by the coupling with the charge carfiers.  spin Hamiltonian D.,) for effective spinS=1/2 with prin-

In the present paper, an EPR study oncipal g valuesg,=3.44,9,=3.47,,=3.36, where the, y, z
Yb,Y;_BaCu0Oy (x=1.0, 0.5 compounds has been car- axes correspond to the, b, c crystallographic axes. The
ried out in order to trace the exchange interactions ot'Yb effective average valugen=(g+0y+9,)/3=3.423 is very
ions. Polycrystalline samples of YbBauwO, and close to the experimentae; value. The line shape of the
Y0.5Ybo sBa,Cus0 (y~0.95,T;~93 K) (samplesA) have  Yb®*" EPR signal is close to the full Lorentzian which takes
been prepared by the solid-state metfodPart of the into account both absorptions atH, and —H, caused by
samples has been subjected to annealing in He at 850 °C for
4 h, followed by fast quenching at room temperature in He e
atmospherdsamplesB). The latter samples as monitored by M
the nonresonant microwave absorpti@dWA) signal re- N 85K
tained part of their superconducting properties. Further sup- I N 1.4
pression of superconductivity was obtained by increasing the
annealing temperature to 900 °C and the annealing time to
24 h (samplesC). Samples were characterized with powder
x-ray diffraction using a D5000 Siemens diffractometer with
Cu Ka radiation, while temperature-dependent EPR mea-
surements were carried out using Arband Bruker 200D
spectrometer with an Oxford flow cryostat.

EPR measurements carried on sampldn the tempera-
ture rangel =4—-100 K, have not given any appreciable sign
of the YB** EPR spectrum mainly due to the interference of
the intense MWA signal. The latter absorption inherent to all
high-T. superconductors &t<T, produces a highly nonlin- FIG. 1. Temperature dependence of ¥¥eand EPR spectra for
ear baseline which severely distorts the EPR spectra. Subseb,Y;_,Ba,Cu,0, samplesB (a) x=1.0, (b) x=0.5. The spectra
guently, EPR measurements were carried out on sanfples are in arbitrary scale.
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the experimental error in the measurement\éf. Previous
Mossbauer and EPR studies on Yb-doped Y123 santpfés,
showed that spin-lattice relaxation lead to linewidths varying
nonlinearly(Orbach and/or Raman processsm ~500 to
~800 MHz in the range of =50-90 K, which are consid-
erably smaller than the experiment®H values. Therefore,

it is plausible to consider that the anisotropic 3YybEPR
linewidth in Yb,Y,_,Ba,CuO, (x=1.0, 0.5 compounds is
determined by YB" spin-spin coupling.

In the case of sampl&s, the MWA signal was drastically
reduced indicating the suppression of superconductivity,
while the intensity of the copper EPR spectra was greatly
enhanced in comparison with that of the %¥bEPR spec-
trum. An approximate simulation of the Yb EPR spectrum
due to its superposition with the intense?CIEPR signal, in
H(kGs) Ybg 5Y o Ba,Cus0, sampleC (Fig. 2), indicates the presence
of considerableg shift and a substantial increase AH
(Table ) complying with previous EPR and féebauer re-
sults which have been interpreted in terms of a fluctuating
molecular field caused by the interaction of 3bwith the
, , , adjacent Cu@planest®t’

Fhe two ppposnely rotating components of the linearly polar-  \yjere YB* ions coupled only by the dipole-dipole inter-
ized rf field. However, the EPR spectrum cannot be acCuzcfion, the line shape would be Gaussian and the EPR line-
rat_ely fitted with single Lorentyan line shape. Powder simu~idth would be determined from the value of the secular
lation has been performed using tiieNOQF program(Ref. second momenM (20)_18 Applying the arguments of Kittel

\1(%)31025%” lsf 11//22 TLO;,VE/Q I%Yt;el t_vv5o/20d(11 6i51(;t;) pes of and AbrahamgRef. 19 for the concentration dependence of
. ( o 2570 - T, 1 9ls 13%, Al the lattice sums involved in the second moment, the secular
high temperatures where the interference of MWA is SUP, (20) in the high-temperature approximatiokgT>hv) has

pressed. The results of the simulation for samBeafter : . )
correcting for a superimposed sloping baseline are shown iHee.n calculated as a functpn of SY*bcon((:gntratlor(x). Ta!<
Ing into account the rhombig tensor,M3” along the prin-

Fig. 2, while the corresponding values and linewidths are " X : ) . .
shown in Table I. The hyperfine parameters not included iffiP@l @xes is a function of six lattice sums, independent on

Table I, have been kept constant to the values predicted b€ Orientation of the magnetic field, which have been nu-
gi /A =g,/A, (i=a,b,c), with g, andA, being the Landg merically calculated within a X 6b rectangular block with

factor and the hyperfine coupling constant for the, lattice parametera=3.800A andb=3.872 A?° Due to the
ground term, due to the smallmixing of the different en- relatively large distance between tRéayers along the axis
ergy terms for YB" ions. (c~3a) in the.R123 structure,. in the.pre.cedmg derivation
The linewidthAH for both sample® remained constant W€ have considered only ¥b ions lying in the sameab
within experimental errot=50 G, at least in the range of Plane witha#b, which makes some of the elements of the
T=60-100 K, since at lower temperatures the spectrum iglpolar tensor zero. The half v_wd@h at half h_e|ght.for a Gauss-
severely masked by the MWA signal. The absence of ther'@" spectral line along the principal directions, in frequency
mal broadening ofAH indicates that Korringa-like relax- units, is expressed as\H;=v2In2yM%’, (i=a,b,c)
ation of the localized Yb moments through the coupling withwhich result in the dipolar EPR widthsH 4 listed in Table I.
charge carriers is weak, complying with ‘Skbauer results These values are considerably larger than the EPR linewidths
which showed low conduction-electron density at the Ybfor samples B, attesting that exchange narrowing is
site!® Considering the Korringa thermal rates reported foreffectivel®2!
Gd®" EPR spectrum in Y123 and Eul23 compounds, In this case, we introduck o= ;  Jj«S;- S¢ to describe
AH, /T~0.5 G/K (Refs. 9—1], we derive a thermal broad- the exchange interaction of Yb spins with Jjx being the
ening of =50 Gs up toT=100 K, which is comparable to isotropic exchange coupling constant between two nearest-

FIG. 2. Simulation of theX-band YB* EPR spectra in
Yb,Y;1_«BaCu0, (a) x=1.0, sampleB, T=100K, (b) x=0.5,
sampleB, T=77 K, (c) x=0.5, sampleC, T=10 K.

TABLE |. The g values and linewidths along the princigab,caxes derived from the simulation of the
Yb3" EPR spectra in YBY;_«Ba,Cus0, . The calculated dipolar EPR linewidths are also included.

Simulated Dipolar
AH, AH, AH. T AH, AH, AH,
Ja Ob gc (GHz (GHz (GHz (K) (GHz (GHz (GHz
YbBaZCu3Oy (B) 3.455) 3.855) 3.105) 6.51) 6.7(1) 2.8(1) 100 8.30 8.84 4.77
YbosYosBaCwO, (B) 3.506) 3.906) 3.206) 3.941) 4.21) 1.81) 77 588 6.25 3.38

YbosYoBaCWO, (O) 3.71) 3.941) 351 902 752 3.02 10 5.88 6.25 3.38




8246 BRIEF REPORTS PRB 58

neighbor(NN) effective sping andk. It should be noted that TABLE II. Exchange coupling constanty of Yb*" ions in
the assumption of isotropic exchange between the redf Yb Yb,Y: ,BaCu;0, samplesB for magnetic field along tha andc
spins is arguable, due to the orbital contribution in the rareaxes.

earth ground state which introduces nonzero anisotropic con=
tributions in the exchange integrdl. Assuming that v, Hila Hilc

> v, (adiabatic approximationwherev,, is the cutoff(ex- (a) (©
chaer;(gefrequencypv?/hich corresponds {0 the rate at which the Ha Mo TWeV)  pe  wel  TmeV)
exchange interaction modulates the dipolar perturbation and1.0 4.07 159 25.7 7.13 483 26.1
vg is the resonance frequency, the half width at half height 0.5 493 1.78 27.1 790 5.23 27.2
for a Lorentzian line is given byAH = (7/2v3)(M,/u)?
=(m/2)(M,/vs,), whereM, is the fourth moment of the
resonance line and = M4/M§ with u>3. Using the values Mgo). Assuming the same frequency dependencé/fgiand
of AH; determined from the simulation of the ¥ EPR  M,,?® we derive the ratiqu parallel to thea andc axes,
spectrum forx=1.0 (Table ) and the derivedM% (i

=a,b,c), we obtain the values of 11 860, 12 650, and 9930 6 0.364

MHz for v, along thea, b, ¢ axes. These values do not u=1.826+ ~ pi=1.939+ —~
comply with the conditionvg> v, (vo=9430 MHz), indi-

cating that the adiabatic condition is not fulfilled. In the case

of vee~v, a frequency-dependent linewidth is expectéd. wl®=(48.80%— 45 49Q) (10" ° MHz?), 2
Following Kubo and TomitdRef. 23 we may approximate
the frequency dependence of the second momeniMby
~MPO+ MM exp1d202) + MP) exp(-213/12), which

for ve,> v, reaches the total second momevit' )=M{
+MP+MP) . subsequently, the fuM ) which is a func-
tion of seven lattice sums, has been calculated including th
nonsecular terms of the (c(;l)l)pola(rlt)en%ﬂ.'h?zr;,_ using the val- jine shape is not fully justified. In this case, we make use of
ues of the contributions! ™, M3, andM3™ in My and the  the formula, previously applied in the analysis of the3Gd
vex Values determined from the experimental linewidths forepg linewidth' covering the transition from the Gaussian

x=1.0, we approximate the second moment along the pring, | grentzian line shape according to the valugupf
cipal axes asM,,~1.2MQ), M,,~1.2M) and My,

wl&=(13312—78 00@)(10™° MHz?),

where ug=M4/M34 and pe,=M 4 e/ M3 4. From Eqgs.(2)
the values ofu turn out to be not much larger than three
ﬁdicating that the conditioru>3 required for Lorentzian

~1.6MQ). "
2c T M
The seculaM{®) (kg T>hv) for spinS=1/2 ¥ reduces to AH= \ﬁ _2 )
2\ nu—1.87
2
X . . . . . .
M'=—— > [3B}Bi+2A%(Bj—By)? Substituting in the previous relation the simulated values
16h™ KT+ for samplesB (Table ), u, and u. are determined. Then,

substituting in Egs(2) the latter values foju which is de-
fined asu= uqt+ pex, the positive roots corresponding to the
X AFM interaction according to the present notationtbf,,
+2AjkBjk(Bj|—Bk|)2]+ — > Bfk, (1)  provide the exchange interaction constafitable I)). The
8h* values ofJ thus derived from the two orientations of the
magnetic field and for the two Yb concentrations are consis-
where Aj=Jj—3D/,,, and Bj=3D/,, with D, tentwith each other, though a small increasel i derived
=(2Djzkz~ Djxkx— Djyky)/3 and Dj i, (u,v=X,y,2) being  for x=0.5, which might be associated with a slight contribu-
the elements of the dipolar tensor in the Zeeman representéien of spin-lattice relaxation in the corresponding EPR line-
tion. In Eqg. (1) the implicated lattice sums over randomly width.
filled sites are converted to sums over all sites, wkjleare Although, there have not been any reports on the magni-
taken as summation indices apthbels a fixed lattice with tude of the exchange coupling for ¥bions in Yb123, the
the restriction that #k+#1. TakingJ;,=J, if j andk are NN value of J/kg~0.3 K is reasonable regarding the éléem-
ions along thea or b axes, the computation df{>) which  peratureTy~0.33 K reported for the AFM ordered b
can be separated in two parts, the purely dipolar contributiogublattice?®?” In a previous theoretical work the low-
M{) and that comprising the exchange interactidi,,  temperature ordered states of tRi23 compounds have
involves a large number of summations. The latter have beebeen calculated, taking into account the dipole-dipole and
carried out assuming for simplicity a square lattice with lat-exchange interactions & ions? Using the exchange cou-
tice constant §+b)/2=3.836 A, the calculation being per- pling constant derived for Y3 ions in the present work, we
formed for a radius of seven lattice constants, and axial find that the dipolar contribution for the predicted lowest-
tensor with g, =(g.+9y)/2 and g,=9g.. Simplifications lying ordering configurations with the magnetic moment
such as the negligence of the linear termg;jinor that of the  along theb axis, becomes comparable to the exchange con-
dipolar contribution toA,-k,18 have not been made since the tribution. Moreover, neither of the lowest-lying energies pre-
latter terms give a small but not negligible contribution in dicted for the orthorhombically distorted tetragorfal23

+2AAki(Bji —Bji) (Bji —By)
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structure corresponds to the experimental configurationlemperature ordered state of ¥bcomprises a substantial

q(6y), of the YB' sublattice. The latter discrepancy may be exchange contribution comparable to the dipolar one, indi-
due to the exchange contribution which turns out to be comeating that the magnetic ordering of the 3bsublattice is

parable to the dipolar one. determined by the interplay between the short-range ex-

In conclusion, the present EPR study of change and the long-range dipole-dipole interactions.
Yb,Y;_,BaCuO, (x=1.0, 0.5 compounds provides evi-

dence for the presence of exchange coupling between NN We would like to thank Professor J. R. Pilbrow for pro-
Yb3" ions with an effective isotropic exchange constant ofviding us with theMONOQF simulation program and Dr. V.
J/kg~0.3 K. Accordingly, it is deduced that the low- Petrouleas for arranging the EPR measurements.
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