PHYSICAL REVIEW B VOLUME 57, NUMBER 6 1 FEBRUARY 1998-II

Electron spin resonance of Gd* in the normal state of RNi,B,C (R=Y,Lu)
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Electron spin resonancESR of G in the normal state >T,) of R;_,GdNi,B,C (R=Y,Lu) is
reported. The results show that the exchange coupling between the rare-earth localized magnetic moment and
the conduction electrons depends on the conduction electrons momentum trkﬂé%ek&”ﬂ =q), i.e.,J;s(Q)-
The temperature dependence of the ESR linewidth yields a value for one of the exchange parameters,
(szs(q)>é’f, which is in agreement with that estimated from the slope of the initial linear decredgeopfthe
Gd®* impurities. These results indicate that tRe_,GdNi,B,C (R=Y,Lu) compounds behave as conven-
tional BCS superconductors, in agreement with previous reports.
[S0163-182608)02806-9

I. INTRODUCTION (Korringa rate, was comparable with that extracted from the
slope of the initial linear decrease 0f by the magnetic
The series of quaternary intermetallic rare-earth nickeimpurities, as predicted by the Abrikosov GorkdAG)

borocarbidesRNi,B,C (R = rare earth compoundshave theory®'’ The present work’s goal is to measure, by means
recently attracted great interest due to their relatively highof ESR, the exchange parameters between the localized mag-
superconducting temperature$.&16.6 K for R=Lu and  netic moment of G8"and the CE’s in the normal state of the
T.=15.5 K forR= Y).? The magnetic anisotropy and coex- RNi,B,C (R=Y,Lu) compounds, and to compare the value
isting superconductivity(SC) with the antiferromagnetic obtained from the Korringa rate with the one obtained from
(AF) ordering associated to the magnetic rare-eaRhse-  the reduction ofT; by the Gd™ impurities.
ments TS T.),>™° have strongly motivated the scientific

community to study these materials. The interplay between Il EXPERIMENT
SC and magnetism in these materials resembles that of the '
ternary ErRhB, and HoMgS; compound$. The incom- Single crystals of Ly ,Gd,Ni,B,C (x=~0.005) were

mensurate modulated magnetic structure shown by neutragrown at the Ames Laboratory by the high-temperature flux
diffraction experiments in HoNB,C (Ref. 7 at tempera- growth method described elsewhéré.  The
tures between J~5 K and T.~7.5 K, and the suppression Y;_,GdNi,B,C (x~0.005) samples were made at the
of SC by the substitution of Dy by Lu in DybB,C2 were ~ CBPF Laboratory in a polycrystalline form by the arc-
interpreted in terms of amagnetic pair breaking in the melting techniqué® The structure and phase purity were
RNi,B,C (R=Er,Dy) compounds. The structure of the checked by x-ray powder diffraction and the crystals orien-
RNi,B,C compounds is a filled variant of the body-centeredtation determined by the usual Laue method. The ESR ex-
tetragonal(bct) ThCr,Si, (space groud,/mmm) with Ni periments were carried out in a conventional Varian ESR
layers perpendicular to the axis® This structure is qualita- Spectrometer using a Tk room-temperature cavity. The
tively similar to that of the layered cuprate high-super- sample temperature was varied using a helium gas flux tem-
conductors. However, no local magnetic moment or AF spirperature controller. To increase the ESR signal to noise ratio,
correlations on the Ni sublattice have been folthth addi-  the temperature dependences of the spectra were taken in
tion, electronic band structure calculations suggest that theowdered samples. Magnetization measurements have been
RNi ,B,C compounds are 3@-band metals and that the SC done in a Quantum Design dc superconducting interference
is mediated by the conventional electron-phonon BCSdevice magnetometer. The temperature dependence of the
mechanisnt!~13 Experimental support for this is given by magnetic susceptibility in the normal state was measured in-
tunneling spectroscop§and boron isotope effeCtmeasure- ~ creasing the temperature, after zero field cool@gC), in a
ments in these materials. field of 5 kOe. Table | gives the Gd concentration esti-

It is known that by means of electron spin resonancemated from the fitting of the magnetic susceptibility data to a
(ESR of dilute rare-earth magnetic impuritiése., G#*) in ~ Curie-Weiss law.
the normal state of BCS-type superconducting compounds, it
is possible to determine the exchange parameters between IIl. EXPERIMENTAL RESULTS
the localized magnetic impurity and the conduction electrons
(CE’s).*® It was also shown that the exchange parameter ob- Figure 1 shows the Gd ESR powder spectra observed in
tained from the thermal broadening of the ESR linewidththe normal state afT=18 K for R;_,GdNi,B,C (R
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TABLE |. Experimental parameters for Gd:(Lu,Y))Nd,C.

g a b c 0% B AT,
0 Ac

Oe Oe/K % mJ mJ
mol K? mol K* K/%

Lu, ,GANi,B,C 2.0357) 165100 131) 052 192)2 2.6710X10 42 —0.654)2

Y, GdNi,B,C 2033 83030 1120 212 18752 1.0210X10 42 ~-0.432

8See Refs. 8,34,38,39.

=Y, Lu) compounds withx~0.005 for R=Lu(T,~16 K) state and(ii) the interaction between the vortices and the

and x~0.02 for R=Y(T.~15 K). The spectra show the microwave magnetic fieldh,; in the s_uperconducting state.
usual Dysonian type of line shap®characteristic of metal- That results in a Iarge frequency drift and nonresonant mi-
lic sample particles of dimensions much larger than the skifffowave absorption in the ESR detector system.

depth. The dashed lines in Fig. 1 are the best fit of the ex-

perimental spectra to a Lorentzian admixture of absorption IV. ANALYSIS AND DISCUSSION

and dispersion derivativés. From these fittings the line- Th h . ioh.S s b localized f4
width AH and theg value are obtained. e exchange interactiodysS- s between a localize

Figure 2 presents the temperature dependence of ﬂﬁlgctron SpinS) on a solute atom (.éd) af‘d the frezez CE's
Gd®" ESR linewidth for the samples of Fig. 1. The observedSP'" (s O.f the host ”?e‘a" causg Sh'f2t3(Kn'ght shify™ and
linear thermal broadening ofH indicates that the Gd thermal I_|ne broadening<orringa rat¢” of the ESR spectra.
localized magnetic moment relax to the lattice via an ex-Conduction electron-electron exchange enhanceffietnd
change coupling with the CE’s, known as the Korringathe q-depen_dent exchange interactign(q) (Ref. 2.6 are
mechanisnt® The dashed lines are the best fit of the data t°ft€n used in the analysis of the ESR ddltdis(q) is the
AH=a+bT. Fquner tra_nsform of the spatially varying exchange cou-

Several samples of Gd concentrations in the range beQ“ng' In this case, and when .bottleneck and 'dynamlc
tween 0.5 to 2 % were measured. Within the accuracy of th ffects are no.t present, thshift (Ag) and Korringa rate
measurements, the and g values were concentration inde- (P) €&n be written a8
pendent and the residual linewid¢hincreases with the Gd (Ep)
concentration. Thg value was found to be temperature in- Ag:‘]fs(o)n_': (1)
dependent within the experimental error. Table | shows the 1-
experimental parameters obtained witly 0.005 for the Lu-

based sample and=~0.02 for the Y-based sample. and

We were unable to measure the ESR ofGih the su- d(AH)  mk K(a
perconducting state T<T;) of the R;_,GdNi,B,C (R b= :_<Jf25(q)>E 7%(Eg) .2
=Y,Lu) compounds. This is usually an extremely difficult dT 9ue F (1— a)?

measurement due ) the large change in the loaded cavity ) .
quality factor Q,) between the normal and superconductingWhereJis(0) and(Ji(a))g,_ are the effective exchange pa-
rameters between the &d local moment and the CE's in
RNi,B,C:Gd the presence of CE's momentum transfer=ky— k2"
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FIG. 1. ESR spectra of &d in (a) Lu;_,GdNi,B,C for x FIG. 2. Temperature dependence of thé GESR linewidth for

~0.005 andb) Y,_,Gd,Ni,B,C for x~0.02 andT=18 K. the two samples shown in Fig. 1.
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TABLE II. Extracted parameters for Gd:(Lu,Y)M8,C.

ESR SC
7(Er) N o a K@) Ji(0) (F(a)E? (I(a)E?
states
eV mol spin K meV meV meV
Lu, ,GANi,B,C  2.247) ~0.87 =~345% ~02% =~0.8% 152) 104 11(3)
Y, ,GdNi,B,C  2.0%6)  ~09% ~489% ~0.3% ~0.7% 132 9(3) 10(2)
aSee Refs. 33,4,35,36.
=kg[2(1- co9)]*?).28 Under these assumptions the®ddy 1l summarizes these parameters for3Gdn RNi,B,C (R

shift measures the CE’s polarization=£0), and the Kor- =Y,Lu). Notice that the ratiozészS(q))é/FZ/st(O), areabout

ringa rate the CE's momentum tra”fIEFS(qukF) aver-  the same for both systems. This suggests similar wave-vector
aged over the Fermi surfaé®(1—«) ! andK(a) are the  dependence of the exchange interaction for isomorphic com-
Stoner and the Korringa enhancement factors, respectivelpounds.

due to the electron-electron exchange interacticii=>° It is interesting to compare the exchange parameter
n(Eg) is the “bare” density of states for one spin direction (szs(q>é’§ obtained in our ESR experiments and that obtained
at the Fermi surface is the Boltzmann constang is the  from the decrease Gf, by adding Gd* magnetic impuri-

Bohr magneton, ang is the Gd* g value. ~ties, AT /Ac. From the Abrikosov-GorkoWAG) theory”
Equations(1) and (2) are appropriated for the analysis of \ye have that

ESR data of diluted rare earths in metallic hosts with appre-

ciable CE’s spin-flip scattering, i.e., thmbottleneckegime. AT, L 2 Y

We found in this work that thg value andb parameter do Ac| (™ 18ke) (Jts(A))e. 7(Er) (95~ 1)+ D).
not depend on the Gd concentration. Hence, it is expected (4)
that the following relation would holg*?2®

The values ofAT./Ac, for both compounds, were taken

2 from the literaturé®®and are given in Table I. The values for

d(AH) 7k (Jis(d)e, mhe _ : _
= = (Ag)K(a). (3) (st(q)>EF calculated using these data are in agreement with

those obtained in this worksee Table ).

dT  gus J%2,0)

In our analysis the contribution from different CE's bands
will be neglected, because the measured thermal broadening V. CONCLUSIONS
of the linewidths are much smaller than those expected from \y/e have shown thaR, _,Gd,Ni,B,C (R=Y,Lu) dilute

H 31
the measured shifts: _ , magnetic alloys behave as conventional three-dimensional
In a superco,nductor.the electron-phonon interaction engperconductors as far as the ESR and superconducting re-
hances the CE’s effective mass, and in turn the density ofjis are concerned. Taking into account the CE mass en-

states at the Fermi level. Thus, the Sommerfield’s paramet§{sncement due to the electron-phonon couphingnd the

is usually written asy=(2/3)m*k*(1+\) 7(Eg), whereX is  gjactron-electron exchange enhancemente found compa-

the electron-phonon coupling constdhtThe RNi,B,C (R apie effective exchange baramet 12 tom the
=Y,Lu) compounds have been classified as intermediat ge p Q&S(q»EF

coupled electron-phonon-mediate superconductors, Wjth %wermal broadening of the Gd ESR+I|neW|dth (Kornnga
~0.9 (Ref. 33 and A ,~0.83* The electronic contribution rate) and the decrease df, by the Gd magnetic Impurities
to the heat capacity for the Lu- and Y-based compounds, (AGR' This shows that the exch'ange coupling _betwe_en the
were measured and their values are shown in Table I. Now; o . local mo”.‘e”t and the CE's governs the impurity re-
using they and\ values, the density of states at the Fermi axation and palr—brakln_g Processes.
level n(Eg) can be estimated for the Y- and Lu-based com- Our ESR results_q-shlft and Korringa ra_t)eshow that t.he
pounds(see Table . The extracted values foj(E;) are in exchange mteracyon between the I_ocallzed magnetic mo-
good agreement with the theoretical ones obtained from bangents and the CE’s mvolvgs only a smgle electronic conduc-
calculations®3 In addition, electron-electron exchange en- 10" Pand. The exchange interaction is foung to OEe strongly
hancement is important in these systems and has been evama_pe_ndent on _th_e- CE's momentum transfiéy(- k2’| = q)
ated by NMR measuremefisfor the Y-based compound @nd is of atomiclike J¢s(0)>0].
and from theoretical calculations for the Lu-based
compound® The values ofr, from the Stoner enhancement
factor (1— @) ! andK(«) are given in Table 1. This work was supported by FAPESP Grant Nos. 95/
Using in Eq.(3) the g value of Gd™ in insulators as a 4721-4 and 96/12585-6, 8aPaulo-SP-Brazil, NSF-DMR
reference, 1.992),%" wkigug=2.34x10* Oe/K, and the No. 9705155, NFS-INT 9602928, and by the Director for
values ofAg, b, »(Eg), a, andK(«a) from Tables | and Il, Energy Research, Office of Basic Energy Sciences, U.S. De-
the exchange parameters between thé 'Glbcal moment  partment of Energy by lowa State University, Grant No. W-
and the CE’s in these two compounds were estimated. Tablg405-Eng-82.
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