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A number of studies on the temperature dependence of the mag
netic susceptibility/l-4/, thermopowe~ 4 • 5 • 61 , electroresistivi
ty/4/, the absorption121 and of the shift/?/ of x-ray lines of ce

rium in the intermetullic compounds Ce(cu1_xNix)S have shown thut 
with increasing nickel concentration, the cerium ion undergoes 
a transition from the trivalent stable state in Gecu

5 
to the 

"strong" intennediate valence state in CeNi
5

• 

The purpose of' the present paper is the study of this truu
sition by measurinc the low temperature specific heat capacity, 
the magnetic susceptibility and neutron inelast~c magnetic scatte
ring. The susceptibility was measured in each point of the tempera
ture for several values of the external field. In order to avoid 
the influence of the impurities, the mel:4sured susceptibility was 
extrupolu ted to the infinite value of the field ( l =f ( 1 /II)). 
The reciprocal susceptibility vs temperature for four vul¥es of 
concentration X=O.O, 0.4, 0.5, 0.6 is shown in fig.l. Por 
o.o~ x~ 0.4 susceptibility follows a typical Curie-:leiss law with 
an effective moment forCe ion of ... 2.5 f1n very close to the value 
of the free ion magnetic moment Ce + J )/ =2. 54}1 

3 
• . lith increusill{; 

Ni concentration, the linear dependence x·1on the temperature 
disappears and the susceptibility decreases. This behavior of the 
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Fig.1 Temperature dependence of the 
reciprocal mAenAti~ ~~~==;ti~il~ty 

of Ce(cu1_xNix)S compounds for x=O.O, 
~-1 -4 0.4, 0.5, 0.6. ~ in 10 ~/emu units. 

susceptibility for various concentration points out a transition 
of Ce(cu1_xNix) 5 into an intermediate valence state in the range 
of 0.4~ x~ 0.6, which agrees with the results of papera/1- 71. 

In fig.2 we give the experimental temperature dependence of 
the specific heat for several concentrations. The copper substitu
tion for nickel in Ge(cu1_xUix) 5 compounds, leads to u decrease 
of the specific heat. In the investigated temperature range the 
specific heat is mainly attributeu to the contribution of 4f and 
conduction electrons aa·a result of the cornpurison with the speci
fic heat of the isostructurul compounds Lalli:> und J.acu'J. l~or 
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71g.2 Specific heat oapaoit7 va 
t .. perature tor Ce(cu1_zBix)S at 
z-o.o, o.1, o.4. o.s, o.6, 1.0. 
C in J/mol·K units. Experimental 
points for z-O.Oa after /8/. 

0.0~ X~ 0.1 the apeoitio heat III&X1.mum atroDgJ.7 deore&BeB (about 
twioe). A. -11 deoreue of this max1m1111 (,.., 10%) ia obaerved in 
the raDge of 0.2~ x.(. 0.4 SDd furthermore a strong decrease is 
reveal.ed for x between 0.4 and 0.5 (about aix t:laea). 

To diaouaa the aeaii\U'ed apeoifio heat reiiUl.ta, we ahall start 
wUh the main result• of our preTiOWI worJ/8/ on cecu5 oompouncla 
Cecv.5 undergoea an antite~tio tranai tion tor T-JK, it appears 
aa a -.ratea whioh diap~• a competition between the antiterroaag
Detio exohaage &Dd Kondo aoattertag of the oonduotion electrons on 
tha 4~ aa..Dt•. ~ ana1~•1• nf ~~ i~~!~~~!~ ~~~~ ::~~~==!:o 

ae&BU1'e1Unta/B/ indioateB that the first excited leTel ~9 \!J/2) 
ot ce+J ion lie• at the diat&Doe 6 •17.5 .. v &boTe the grouD4 leTel 
r 7 1!1/2) • !he inelaatio neutron aoatteriag and apeoitio heat 

ot cecu5 pezaitted to eatabliBh a relation between 1:::. , J (ant1fe-
1'l'OM6Detio exohaDge constant) and f~ (~ondo t-.perature)t 
b ) J > T~ kB. lhea copper ill nbatituted b7 Dietel, for o.o(x,0.1 . 
the 4f lenl appzooaolwa the hl'lli lenl that lea4a to an inoreue 
of ~0114o aoatteriJII &114 to npp:reaaion of the antitenaasp=Uo 
orller. BeDDe, the clralltio 4eoreue of the apeoitio heat MX1Ima 
tor x between o.o &D4 0.1 1& apparentl7 ooDDeoted witb the deoreaae 
ot the M&Detio oont:ribution. the :further proo .. • of tr&~~;Si Uon 
to the inte:mediate T&leaoe atate witll inorea•i.Dc •i ooaoeat:ration 
(x} 0.4) lea4a to a oonUaou diaappearanoe of the huap of the 
apeo1t1o heat &D4 u ia seen in fig. 2 it takes plaoe mainl7 in the 
ooaoeatraUon raap ot 0.4( x( 0.6. 

~.) 1a a plot of C/t u a taaot1oa of t 2• the electron ooa
duotion oont:rillaUoa wu dete:na1M4 b7 extrapel&Uon to t-o. In 

the .... fipre it ..,- be &lao aeea the ~0114o aoatteriJas eont:ri
bution, ctna "' the lop:ritllde iaoreue with te.perature deo-

l ~)u·: ·< . -'~··. ·-~~. , .... ~ ~.:.:::,i:~· ,, /; 
\ t~ C~"X.i.-'Ch1~111~,~~ 
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Pig.J Dependence C/T on T2 of 
Ce(Cu1 _~ix) 5 compounds. Dotted line: 
extrapolation to T•O. 
C/T in J/mol·K2 units. 

rease as it is expected for the trivalent Kondo systems/9/. For 
CeNi5 the Kondo scattering increasing of C/T on T2 is missed and 
the temperature dependence of the specific heat is very like to 
the corresponding behavior of the isostructural compound LaNi51101. 
Fig.4 shows the linear term ( of the specific heat in Ce(cu1 _~ix) 5 
as a function on nickel concentration. Becomes relevant a decrease 
of the electron density of states at the Fermi leve: for the transi
tion from concentrated Kondo system to the intermediate valence 
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Fig. 4 The linear term '( of the speci
fic heat vs nickel concentration on 
Ce(cu1_xNix) 5 compounds. 

yt in mJ/mol K2 units. 

state in Ce(Cu1 _~ix) 5 for 0.4( x(0.6. It should be noted that, 
by comparing the results of Ce(Pd1_yAsy>31111 with those of the 
present 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 maxiwua of the magnetic contribution value in 
electro~sistivi ty p M and a smooth decrease of '(' were observed. 
The behavior of p M' '( and of low temp•ratures susceptibility 
( 'i ) as a function of the number of 4f electrons <nr> has been 
discussed in the theoretical papers /12,1)/. There was predicted 
a monotonous decrease of p I!• '(' and }.. for Dr between 1 and o, 
that qualitatively agrees with the experimental results obtained 
for (' and } in the present work. 
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Fig.5 TOF spectra of inelastically 
scattered neutrons on Ce(cu1 _~ix) 5 
Be'- beryllium filter precut-off, 
S - the peak given by the specific 
work at pulsed reactor IBR-JO, 
~ - energy transfer in meV, N - chan

nel number (channel width 64 fSec), 
I - intensity in arbitrary units. 

The inelastic neutron scattering experiments were carried out 
with a time of flight (TOF) spectrometer in inverted geometr,y with 
a ber,yllium filter in front of the detector at the IBR-JO pulsed 
reactor of JINR - Dubna. In fig. 5 we show the spectra on 
Ce(cu1_zHix) 5 for z.o.o, 0.2, 0.4, 0.6 at the temperature of T•10K 
and for z.1.0 at T-JOK. The spectrum from the Cecu5 sample shows 
a peak at the energy transfer of 17.5meV caused b7 a crystal field 
transition. For the substitution of Cu b7 Ni, at x•0.2 this peak 
disappears. The spectrum of the CeNi5 sample ia ver,y similar to 
that of LaNi5 which offers only the pure nuclear scattering. The 

disappearance of magnetic peak due to substitution of Cu for Ni, 
may be caused b7 two reasonsa the substitutional disorder (SD), 
which leads to a random cr,ystalline field distribution, and the 
increase of s-f interaction which broadened the cr,ystal field 
levels. The measurements on the Pr(cu1 _~ix) 5 compounds, where all 
the variations of the spectra with increasing x were induced by SD 
(the weak 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 moat of the 
macroscopic properties depend upon the relation between A , J and 

TK/141, which should be changed by SD, these macroscopic proper
ties are strongly influenced by SD. 
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CONCLUSION 
The successive substitution of Cu for Bi in Ce(cu1_zRix> 5 

responsible for the growing hybridization of the 4f electron with 
the conduction electrons leads to a monotonous decrease of the 
electronic specific heat coefficient f . 

The strong decrease of t in the concentration range of 
about x.0.5 iDdicates a continuous transition from the concentrated 
Kondo system to state of interm.diate valence. A resonance behavior 
in the density of electronic states accompanied with such a transi
tion /4/ was not observed from specific heat measurements. 

We are indebted to Prof. E.Burzo for the susceptibility 
measurements. 
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fopeMbi'IKHH E .A. 11 ,a;p. E 14-85-789 
Hccne,a;oBaHHe rrepexo,a;a OT COCTOHHHH KOH~eHTpHpOBaHHOH 
KOH,IJ;O-CHCTeMbi K COCTOHHHIO C rrepeMeHHOH BaneHTHOCTbiO 
B pH,a;y Ce(Cu1_x Nix)5 

fipoBe,a;eHbi H3MepeHHH MaPHHTHOH BOCI1pHHM'Il1BOCTH, HH3KOTeMrre
paTypHOH '!aCTH y,a;enbHOH TerrnoeMKOCTH H Heyrrpyroro pacCeHHHH 
TerrnOBbiX HeHTPOHOB Ha HerrpepbiBHOM PH,IJ;e TBep,IJ;biX paCTBOpOB 
Ce( Cu 1_ x 1\li x)-5 ,a;n.a 0, 0_::: x_::; I , 0. Ha6nw,a;aeMoe yMeHbiUeHHe BocnpHHM
'IHBOCTH H y,a;enbHOH TerrnoeMKOCTH rrpH YBenH'IeHHH KOH~eHTpa~HH HH 
KenH no3BonHno c,a;enaTb BblBO,IJ;bl o xapaKTepe nepexo,a;a OT cocToH
HHH KOHUeHTPHPOBaHHOH KOH,a;O-CHCTeMhl, npH x=0,0 K COCTOHHHIO C 
rrpOMe~yTO'IHOH BaneHTHOCTbiO ITPH x=J,O. 

Pa6oTa Bbmonueua B J1a6opaTopHH ueliTpouuorr IPH3HKH OHJIH. 
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Goremychkin E.A. et al. El4-85-789 
Transition from Kondo-Lattice to Intermediate 
Valence State in Ce(CuJ-xNix)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(Cu1_x Nix )5 , 0~ x_s I. The anomalous decrease of 
the susceptibility and of the specific heat capacity with the 
nickel concentration allows one to conclude from the Kondo-
lattice system at x=O to the intermediate valence system with 
x=l. 

The investigation has been performed at the Laboratory 
~ 1 of Neutron Physics, JINR. 
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