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ESR of Gt in the Kondo-lattice compound YbAgCu,
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Low-temperature T<30 K) electron-spin-resonand&SR experiments of GY diluted in the Kondo-
lattice compound YbAgCuand its reference compounds YAg{and LuAgCuy are interpreted in terms of an
enhanced density of states at the Fermi level for the Yb-based compound. The results of susceptibility and ESR
(Korringa rate andy-shift) measurements show negligible electron-electron exchange enhancement for all the
studied compounds. The exchange interaction between th& I6cal moment and the conduction electrons
(c-e) is c-e wave vector dependent in all three compoup868163-182@7)01038-2

[. INTRODUCTION a temperature-dependent magnetic susceptibility with a
maximum at~35 K, that can be described by the Bethe-
Hybridization between localized f-electron and ansatz solution of the Cogblin-Schrieffer Hamiltonist’
conduction-electroric-e) states have motivated experimen- The relatively weak interaction between the Yb magnetic
talists and theoreticians to study the phenomena involvingnoment$ makes electron-spin resonan®SR of diluted
strong electronic correlatiofsThe Ce- and Yb-based com- Gd&®* in YbAgCu, suitable to study the electronic properties
pounds are well suited for these studies. TliesHell of Ce  of this compound. For comparison, the ESR offGéh the
and Yb may contribute with an electron and a hole, respecreference compounds of YAgg@and LUAgCy were mea-
tively, to the conduction band, simplifying the theoretical sured. Complimentary susceptibility and specific-heat ex-
analysis. The YbAgCu compound of cubic AuBg periments were also performed.
(C15b,F43m)-type structuré,is particularly appropriate be- In a recent paper we have studied the ESR of'Gd the
cause it has the following Kondo-type propertiés:a rela- intermediate valence phas&<T,~50 K) of YbInCu, and
tively large linear coefficient of specific heaty its reference compound YInGd Those results were inter-
~240 mJ/mol KB4 (i) a temperature-dependent electrical preted in terms of an enhanced density of states at the Fermi
resistivity characteristic of a Kondo-lattice systémnd (iii ) level for the Yb-based compound. The aim of this work is to
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pu (c) 0.162)% of G&®* in LuAgCu, The solid
o Lu Gd AgCu lines are the best fit of the resonance to a Dyson
e 1x = X 4 line shape.
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study, also via ESR of Gd impurities, the electronic prop- Smaller than the size of the sample particles. halue and
erties of the Kondo-lattice compound YbAg£and compare  linewidth were obtained from the fitting of the resonances to

it with the intermediate valence compound YbInCu the appropriate admixture of absorption and disperion.
The solid lines, in Fig. 1, are the best fit to the observed
Il. EXPERIMENT resonances.

Figure 2 gives the temperature dependence of the line-
Single crystals oR;_,Gd,AgCu, (R=YDb,Y,Lu; 0.0008  width for the three compounds. The linear dependence of the
<x=<0.009 nominagl were grown from a flux of excess linewidth was fitted to the expressidiH=a+bT. Within
AgCu by the method described elsewh@fhe crystals were  the accuracy of the measurements, ¢healues have been
of cubiclike shape with typical sizes ofxd3x 1 mnt. The found to be temperature independent. Eheb, andg pa-
room-temperature lattice parameters were measured in X-rg4meters were, within our experimental error and used con-

powder-diffraction experiments. The ESR experiments havgenrations, independent of the Gd concentration. Their val-
been carried out in a Varian E-ling-band spectrometer, o< are shown in Table I. In single crystals the3Gd

using a liquid-helium tail dewaf1.6-4.15 K and a helium resonance did not show crystal-field features, i.e., fine struc-
gas qux(?—SQ K) adapted to a room-temperature ;pEcav- tHre and/or anisotropic linewidth,
ity. For the high-temperature ESR measurements, powdere Figure 3 shows the magnetic susceptibility, corrected for

crystals were used in o_rql_er to increase the ESR signal-t()[he compound core diamagnetism, for some of the samples
noise ratio. The susceptibility measurements have been taken '

in a Quantum Design dc superconducting quantum interferl—Jsed in our ESR experiments. From the low-temperature tails

ence device magnetometer. Specific-heat measurements wére~ 20 K) the Gd concentrations were estimated and their
performed in a small-mass calorimeter system that employs ¥2lUes are given in Table I. For>20K, the temperature
quasiadiabatic thermal relaxation technidieUndoped dependence of the susceptibility of the ;YRGdAgCu,
samples have been used for these measurements and fi@mples presents similar features to that found in undoped
masses ranged from 45 to 145 mg. YbAgCu,.®

Figure 4 shows the specific heat for tRAgCu, (R
=Yb,Y,Lu) crystals in the temperature range of XK
<20K. The low-temperatureC/T data increase linearly

Figure 1 shows the ESR powder spectra of Gdiluted ~ with T? as seen in the inset of Fig. 4. The fitting parameters,
in YbAgCu,, YAgCu, and LuAgCy measured atT v and B, obtained from these data are given in Table I. No-
=1.6 K. Typical Dysonian line shaptswith A/B~2.2(2) tice that our values foy and 3 in YbAgCu, are significantly
were observed. These line shapes are characteristic of localifferent from those found by othe?$. This probably has to
ized magnetic moments in a metallic host with a skin depthdo with the high purity of our crystafsThe density of states,

Ill. EXPERIMENTAL RESULTS

TABLE |. Experimental parameters for G&AgCu, (R=Yb,Y,Lu).

a a b c Y B

A g Oe Oe/K % mJ/mol K2 mJ/mol K
Yb(Gd)AgCuy, 7.081) 2.171) 12315 42(3) 0.172) 207(6) 0.636)
Y (GdAgCuy, 7.201) 2.101) 227(9) 15(1) 0.222) 11.42) 0.462)

Lu(Gd)AgCu, 7.101) 2.091) 18012 11(1) 0.162) 10.02) 0.682)
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7(Eg), and the Debye temperatureg,, extracted from and
these parameters are given in Table II.
Table | summarizes the experimental parameters obtained
in this work for theRAgCu, (R=Yb,Y,Lu) compounds. d(AH) @k

b K(a)
daT gug

P Er) gz @
IV. ANALYSIS AND DISCUSSION

The exchange interactiodyS-s, between a localizedf4 ~ WhereJi(0) and(JZ(q)) are the effective exchange param-
electron spinS) on a solute atom (Gd) and the free c-e’'s eters between the Gt local moment and the c-e in the
spin (s) of the host metal, results ingshift (Knight shif)’®  presence of c-e momentum transfétnder this assumption
and in a thermal line broadenin@orringa relaxation* of ~ the G&* g shift probes the c-e polarizatiom¢0) and the
the ESR spectra. Conduction electron-electron exchangorringa rate the c-e momentum transfer{Q= 2kg) aver-
enhancemeft'® and g-dependent exchange interaction, aged over the Fermi surfacé(1—«)~* andK(a) are the
Jii(q),1 are often used in the analysis of the ESR data. Stoner and the Korringa enhancement factors, respectively,
Ji(q) is the Fourier transform of the spatially varying ex- due to the electron-electrdie-e exchange interactioh!%2°
change coupling. In this case, and when “bottleneck” and7(Eg) is the “bare” density of states for one spin direction
“dynamic” effects are not present, thg shift (Ag) and at the Fermi levelk is the Boltzmann constanjg is the

Korringa rate b) can be written &% Bohr magneton, and is the Gd" g value.
Equations(1) and(2) are appropriated for the analysis of

ESR data of highly diluted rare earths in metallic hosts with
7(Er) appreciable c-e spin-flip scattering, i.enbottleneckegime.

Ag=Ji(0 , 1 : .
9=Js(0) 1- @ We found in this work that the ESR parameters do not de-
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TABLE Il. Extracted parameters for GRAgCu, (R=Yb,Y,Lu).

7(Ee) 0o Ji(0) (Ji(a))*?
states/eV mol spin K meV meV K(a) a
Yb(Gd)AgCu, 44(2) ~264 4.03) 0.92) 0.94) 0.1(4)
Y (Gd)AgCu, 2.424) ~294 445) 11(1) ~1 ~0
Lu(Gd)AgCu, 2.124) ~257 455) 10(1) ~1 ~0

pend on the Gt concentration. Hence, it is expected thattheir respective values for the Y- and Lu-based compounds.
the following relation would hold:*® This may suggest a much higher c-e localization for the Yb
than for the Y- and Lu-based compounds. That is consistent
with the large density of states associated with a “narrow”

d(AH)  mk (JE(@) i Jatti
b= _ s (AQ)2K(a). 3) 4f band at the Fermi level of the Kondo-lattice compound

dT ~ gus J&(0) YbAgCu, But a smaller positive exchange parameter,
Jis(0), may also suggest a larger covalénterband mixing
In our analysis the contribution from different c-e bandscontribution to the exchange parameter in the Yb-based
can be neglected, because the measured thermal broadentigmpound.”?® However, due to the oversimplified model

of the linewidths is much smaller than that expected from theysed to extract the density of stategEr), the values for
£ 21,22 _ EF)
measuredy shifts Jis(0) and(J%(q))*? obtained for YbAgCu should be taken

The electrqnic contribution to the he;at capacity of thesgiw extra caution. Collective effects may enhance the den-
compounds yields to the values shown in Table I. In a free sity of state$’ (Eg). Thus, our values represent just a

c-e gas modely=(2/3)w?k?n(Eg). Thus, the density of S
states at the Fermi levek(Eg) can be estimated for the Y- lower limit for the exchange parameters.

and Lu-based samplgsee Table . From the density of
states, the electronic spin susceptibilipg=2u37(Eg), can
be evaluated. The values calculated are 8.16 ° and
0.13x10"® emu/FU for the Y- and Lu-based, respectively.  The large density of states at the Fermi level for the
These results are in good agreement with their susceptibility ongo-lattice compound YbAgGu characteristic of highly
measured at high temperaturéauli susceptibility, once  qrrejated electron systems, results in a largeshift and
corrected for the core diamagnetisaee Fig. 3 Hence, one oinga rate of the GY resonance when compared with
can assume that e-e exchange enhancement is not importqﬁé corresponding values of its reference compounds

i oy Ao ~ 1 19,20
in these compounds, i.ax~0 andK(a) 1+' RAgCu, (R=Y,Lu). The exchange interaction between the
The exchange parameters between th&'Gacal moment . . .
localized magnetic moment of &d and the c-e is wave-

and the c-e iRAgCu, (R=Y,Lu) were estimated using Eq. . .
(3), where we ugedu‘ltr(lg value )of Gd" in insulators gs g vector dependentJi(q), for all three isomorphic com-
reference, 1.993),2 wkigug=2.34x10" Oe/K, and the pounds. The exchange parametgy(0), is found to be posi-

values ofAg, b, and 7(E;) listed in Tables | and II. Table tive for_aII of them. As YbAQCuy is_a Kondo-la_ttice system,
Il summarizes the obtained values. Notice that the ratio®" antiferromagnetic exchange interaction is expected be-
<Jf23(Q)>l/2/st(0), is nearly the same for these isomorphoustween the localized magnetic moment of %band the c-e.

V. CONCLUSIONS

compounds. Hence, we conclude that the exchange interaction with the
For the analysis of the Gd ESR data in YbAgCy we  C-€ is atomiclike for G&" and covalentlike for Y&"./
assume that the ratiQszs(q)VJst(O)%0-056{4), is thesame There is an interesting observation to be made from the

for YbAgCu, andRAgCu, (R=Y, Lu) compounds. Using for results of our previous measurements in the intermediate-
YbAgCu, Ag=0.18(1) andb=42(2) Oe/K from Table |, Valent compound YbIinCu(Ref. 8 and the present measure-
we calculatedK (a)~0.9(4) from Eq.(3). From Refs. 19 ments in the Kondo-lattice compound YbAgCuBoth com-
and 20 this value corresponds t@~0.1(4), i.e., for ~pounds belong to the class of highly correlated electron
YbAgCu,, the e-e exchange enhancement is also negligiblesystems with relatively largey values, 506) and 2076)
There is still not a model that includes the e-e exchangend/mol K¢ for YbInCu, and YbAgCuy, respectively. For
interaction for the analysis of the ESR, magnetic susceptibilYbInCu, our results suggested a large electron-electron ex-
ity, and specific-heat data in Kondo-lattice systéflidence, change interaction. Instead, for YbAggCthis interaction,

at the moment it is not possible to compare the Stoner factowithin the accuracy of our experiments, seems to be negli-
obtained from ESR and that from transport measurenfénts.gible. If so Cogblin-Schrieffer's model for magnetic impuri-
Thus, the best we can do is to usgEr)=43(2) states/ tjes dissolved in a free c-e mefai,could be a good descrip-
eV mol spin,a~0.1(4) (see Table I, and Egs(1) and(2)  tion for the magnetic susceptibility(T), of YbAgCu,.3

to estimate the exchange parametdgg,0) and (szs(q))”z, Finally, as in our earlier worR,the present results show
between Gd' and the c-e in YbAgCu Those values are that ESR experiments of Gd diluted in metallic hosts with
given in Table II. large electronic effective masses may be used to probe the

The exchange parameterdg(0) and <Jf23(q)>l’2 calcu-  high density of states at the Fermi level of these compounds.
lated for YbAgCu, are both about ten times smaller than However, we should mention that ESR failed to observe this
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