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A number of studies on the temperature dependence of the mag-
netic susceptlblhty/1 4/, thermopower/4’ ! /, electroresistivi-
ty/4/, the absorptlon/2 and of the Shlft/ / of x-ray lines of ce-
rium in the intermetallic compounds Ce(Cu1 le )5 have shown that
with increasing nickel concentration, the cerium ion undergoes
& transition from the trivalent stable state in be(,u5 to the
"strong" intermediate valence state in UeNiS.

The purpose of the present paper is the study of this tran-
g9ition by measuring the low temperanture specific heat capacity,
the magnetic susceptibility and neutron inelastic magnetic scatte-
ring. The susceptibility was measured in each point of tne tempera-
ture for several values of the external field. In order to avoid
the influence of the impurities, the measured susceptibility was
extrapolated to the infinite value of the field ( Y =f(1/1)).

The reciprocual susceptibility vs temperature for four values of
concentration x=0.0, 0.4, 0.5, 0.6 is shown in fig.1. For
0.0£x£0.4 Susceptibility follows a typical Curie-Jeiss law with
an effective moment for Ce ion of ~2, S/HB very close to the value
of the free ion magnetic moment Ce +3 =2, SQ/AB.Ilth increasing
Ni concentration, the linear dependence X on the temperature
disappears and the susceptibility decreases. This behavior of the
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sugceptibility for various concentration points out a transition
of Ce(bu1 iy )5 into un intermediate valence state in the range
of 0.4¢ x{ 0.6, which agrees with the results of pzz\pers/1 7/

In fig.2 we give the experimental temperature dependence of
the specific heat for several concentrations. The copper substitu-
tion for nickel in Ce(Cu1__xIIix)5 compounds, leads to a decrease
of the specific heat. In the investigated temperature range the
specific heat is mainly attributed to the contribution of 4f and
conduction electrons uas‘a result of the compurison with the speci-

fic heat of the isostructurul compounds LaIli5 and Iacub. For

T Fig.2 Specific heat oapacity vs
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0.0¢ x${ 0.1 the specifioc heat maximum strongly decreases (about
twice). A mmall deorease of this maximum (~ 10%) is observed in
the range of 0.2€x¢{ 0.4 and furthermore a strong decreasec is
revealed for x between O.4 and 0.5 (about six times).

To disouss the measured speoific heat rnlultl, we shall start
with the main results of our previcus work/ on GoCus compound 3
CoCus undergoes an antiferromegnetio transition for T=3K, it appears
as a system whioh displays a ocompetition between the antiferromag-
netic exchange and Kondo scattering of the comduction eleotrons on
the 4f moments. An analysis af the inslawtin meutren =gatizring
measurenents’®/ indicates that the first exoited level [y |t3/2)
of Go*’ ion lies at the distance & =17.5meV above the ground level

7 121/2) . The inelastio neutron sosttering and specifio heat
of CeCu; permitted to establish a relation between A , J (antife-
rromagnetic exchange oonstant) and Ty (Kondo temperature):

AY» J) Ty ky. Whem oopper is substituted by niockel, for 0.0(;{0.1
the 4f level approaches the Fermi level that leads to an inorease
of Kondo scattering and to suppression of the antiferromagnetio
order., Hence, the drastic deorease of the specific heat maximum
for x between 0.0 and 0.1 is apparently oconnected with the deoreass
of the magnetic oontribution. The further process of transition

to the intermediate valence state with inocreasing Ni concentration
(x> 0.4) leads to & continous disappearance of the mp of the
speoific heat and as is Been in £ig.2 it takes place mainly in the
concentration renge of 0.4{ x¢0.6.

Pig.3 1is a plot of C/? as a function of 22, he eleotron ocom-~
duction contribution was determingd by extrapelation to T«0. In
the same figure it may be also seen the Kondo scattering eontri-
bution, given hy the logarithmie inorease with temperature dec-
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Ce(Cu.l_xNix)5 compounds., Dotted line:
extrapolation to T=0.
C/T in J/mol-K® units.

‘\ T Fig.3 Dependence C/T on T° of

rease as it is expected for the trivalent Kondo systemalg/. For
CeNi5 the Kondo scattering increasing of C/T on T2 is missed and
the temperature dependence of the specific heat ia very like to

the corresponding behavior of the isostructural compound LaN15/1° .

Fig.4 shows the linear term r of the specific heat in Ce(Cu1_xNix)5

as a function on nickel concentration. Becomes relevant a decrease

of the electron denaity of states at the Fermi leve. for the transi-

tion from concentrated Kondo system to the intermediate valence
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e ‘{—u»\\‘ Fig.4 The linear tem Y of the speci-
\‘ fic heat vs nickel concentration on
wat \1 1 Ce(Cu,_xNix)5 cogpounda.
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state in Ce(Cu1_xNix)5 for 0.4¢ x{ 0.6. It should be noted that,
by comparing the results of Ce(Pd1_yAgy)3/11/ with those of the
preaent work and of /4/ we may infer an analogous situation: in
both the cases, for a change from a Kondo regime to one of inter-
mediate valence, a maximum of the magnetic contribution value in
eleotrorésistivity f)u and a smooth decrease of 8‘ were observed.
The behavior of F)l' x and of low temparatures suaceptibility
(Y ) as a function of the number of 4f electrons (nf) bas been
discussed in the theoretical papers /12,13/. There was predicted
a monotonous decrease of Py, f' and X for n, between 1 and 0,
that qualitatively agrees with the experimental results obtained
for ¥' and X in the present work.

Fig.5 TOF spectra of inelamtically
sﬁattered neutrons on Ce(Cu,_xﬂix)5

Be ~ beryllium filter precut-off,

S - the peak given by the specific
work at pulsed reactor IBR-30,

¢ =~ energy transfer in meV, N - chan-
nel number (channel width 64-#500),

1 - intensity in arbitrary units.
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The inelastic neutron scattering experiments were carried out
with a time of flight (TOF) spectrometer in inverted geometry with
a beryllium filter in front of the detector at the IBR-30 pulsed
reactor of JINR - Dubna. In fig.5 we show the spesoira on
Ce(Cu1_xNix)5 for x=0.0, 0.2, 0.4, 0.6 at the temperature of T=10K
and for x=1.0 at T=30K. The spectrum from the CQCu5 sample shows
a peak at the energy transfer of 17.5meV caused by & corystal field
trensition, For the substitution of Cu by Ni, at x=0,2 this peak
disappeara. The spectrum of the CeN15 sample is very similar to
that of LANIS which offers only the pure nuclear scattering. The
disappearance of magnetic peak due to substitution of Cu for Ni,
mey be caused by two reasons: the substitutional disorder (SD),
which leads to & random crystalline field distribution, and the
increase of s-f interaction which broadened the crystal field
levels. The measurements on the Pr(Cu1_xNix)5 compounds, where all
the variations of the spectra with increasing x were induced by SD
(the wesk and independent on x s-f exchange), showed that the main
factor which determined the variation of the magnetic excitation
spectra, at least for small x (x< 0.4), was SD,Because most of the
macroscopic properties depend upon the relation between A , J and
TK/14/, which should be changed by SD, these macroscopic proper-
ties are strongly influenced by 3D,



CONCLUSION

The suocessive substitution of Cu for Ni in Ce(Cu,_ ,Ni )g
responsible for the growing hybridization of the 4f electiron with
the conduction electrons leads to a monotonous decrease of the
electronic specific heat coefficient f .

The strong decrease of Y in the conosntration range of
about xw0.5 indicates a continuous transition from the concentirated
Kondo system to atate of intermediate valence. A resonance behavior
in the density of electronic states accompanied with such a transi-
tion 4 was not observed from specifio heat measurements.

We are indebted to Prof. E.Burgzo for the susceptibility
measurements.
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Fopemeruxuud E.A., u ap. E14-85-789
Hceneposanne mepexoma OT COCTOSHHMSL KOHLEHTPHUDPOBAHHOM
KOHOO-CHCTEMb K COCTOSHHIO C [ePeMeHHOH BaJeHTHOCTLI

B pagy Ce (Cuy_, Ni, )g

llpoBegeHsl H3MEPEHHT MATHHTHOW BOCHIPHHMMYHBOCTH, HH3KOTeMIie-
PaTYpHOU 4acTH YAENbHOH TEernoeMKOCTH H Heynpyroro paccesHus
TEIUIOBBIX HEHTPOHOB Ha HENPEPHIBHOM DPsAZe TBepAsX PacTBOPOB
Ce(Cul_x Nix)5 ona 0,0<x<1,0. HaGmomaeMoe yMeHbleHHE BOCIIPDHHM~
YHBOCTH H yAeNbHOH TEINIOEMKOCTH [pPH YBEJHYeHHH KOHUEHTPAaUHH HH-
Kejis TO3BONHWIIO CAellaTh BHBOOM O XapakTepe nepexona OT COCTOs-
HUsI KOHUEHTPHPOBAHHOH KOHOo—-cucTembl, NpH x=0,0 Kk cocTosHHIO C
TIPOMEXYTOUYHOH BajleHTHOCTbhbio npu x=1,0.

Pa6ora BoinondHeHa B JlaGopaTopud HelrTpoHHOM dusuku OUAU.
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Goremychkin E.A. et al. E14~85-789
Transition from Kondo-Lattice to Intermediate
Valence State in Ce(Cuj.xNiyx)s Compounds

Measurements of the magnetic susceptibility, the low tem—~
perature specific heat capacity and the inelastic neutron
scattering have been carried out on the continuous solid so-
lution Ce(Cu;_, Ni, ), , O<x< 1. The anomalous decrease of
the susceptibility and of the specific heat capacity with the
nickel concentration allows ome to conclude from the Kondo-

lattice system at x=0 to the intermediate valence system with
x=1,

The investigation has been performed at the Laboratory
of Neutron Physics, JINR.
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