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We present results of a systematic study of the isoelectronic Kondo-lattice compouiiil_CHi,),Ge,
and CeNj(Ge, _,Si,), . With increasing« andy the hybridization of the localizedf4moments with the band
states increases. Consequently the magnetic order of the Pd-rich compounds becomes suppressed, yielding a
heavy-fermion behavior in CepNBe,, and an intermediate valence state in Si-rich alloys. The electrical resis-
tivity, magnetic susceptibility, and specific heat were investigated for temperature3 €.300 K. The anti-
ferromagnetic order of localized spins in @€, _,Ni,),Ge, diminishes forx=0.9 and intermediate valent
behavior evolves foy=0.3. We find significant deviations from Fermi-liquid behavior in a broad concentra-
tion range, which extends from= 0.9 into the intermediate valence reginye=0.4). The results are compared
with model predictions for magnetic systems close to a quantum critical point and for systems with frozen-in
magnetic disorde(Griffiths phasg And although we find qualitatively the fingerprints of a quantum critical
point, resistivity and heat capacity cannot be explained coherently within the same model.
[S0163-182699)00219-3

I. INTRODUCTION The aim of this work is to change, via isoelectronic
chemical substitutions, the hybridization strength and to pass

The ground-state properties of heavy-fermion systemsontinuously from a system with LMM to the IV regime,
(HFS are crucially determined by the competition of the paying special attention to the critical concentration where
Kondo- and the Ruderman-Kittel-Kasuya-YositRKKY )- magnetism is completely suppressed. For this investigation
energy scales? The formation of local Kondo singlets de- we chose the ternary alloys @&, _,Ni),Ge, and
pends exponentially on the exchange interactiynTy CeNi(Ge, _Siy),, which crystallize in the ThGSi, struc-
«exp(NgJ), while the formation of long-range order of lo- ture. CeP¢gGe, is a local-moment magnet with an antiferro-
calized magnetic moments depends quadratically Jon magnetic(AFM) phase transition temperature Df=5.1 K.
Trery = (NEJ)2.2 NRJ is a dimensionless effective exchange- The size of the ordered momenis=1.79ug, shows that
coupling constant between local magnetic moments and comoment compensation plays a minor réteCeNi,Ge, is a
duction electrons with densityg at the Fermi level. At small nonmagnetic HFS with a characteristic Kondo-lattice tem-
values ofNRJ local-moment magnetisftMM ) is dominat-  peratureT* =40 K, characterized by a specific-heat coeffi-
ing. For large values intermediate-valen@¥) phenomena cient y=350 mJ/mole K.1*'® The phase diagram of the
are expected. It is just at the borderline from the IV regime toCe(Pd, _,Ni,),Ge, system was recently also studied by
LMM where heavy-fermion(HF) behavior is expected, in- Fukuharaet all’ Finally, CeNjSi, is an IV system with a
cluding HF superconductivity and HF-band magnetism. characteristic temperature in the order of 606#Ry chemi-

In recent years this transition region from magnetic ordercal substitution the volume decreases from approximately
to a nonmagnetic ground state has found renewed intere$90 A3 (95 A3 volume per one Ce ignfrom the magnetic
due to the appearance of non-Fermi-liqFL) phenom-  CePgGe, by almost 20% to 155 & (78 A 3/Ce) in inter-
ena.(for a recent review, see Ref).4The characteristics of mediate valent CeN8i,, thereby increasing the hybridiza-
NFL behavior are an electrical resistivity that can be de-tion strength considerably.
scribed byp=py+A’T" with n<2 (the exponenh=2 is We performed systematic magnetic susceptibility, electri-
characteristic for electron-electron interactions in the frameeal resistivity, and specific-heat experiments for temperatures
work of the Fermi-liquid theory a temperature-dependent 0.1-400 K and in magnetic fields up to 160 kOe. Besides an
magnetic susceptibility forT—0 K, in contrast to a investigation of the systematic evolution of the calorimetric,
temperature-independent Pauli-spin susceptibility and anagnetic, and transport properties with increasing hybridiza-
specific-heat coefficient of the specific heat which usuallytion, we wanted to focus especially on the transition region
reveals roughly a logarithmic divergence when approachingrom LMM to Kondo behavior searching for NFL effects. A
the lowest temperatures. Theoretically NFL behavior hagletailed report on the field dependent properties of these al-
been described within multichannel Kondo modéland us-  loys will be given in a forthcoming paper.
ing a concept of a distribution of Kondo temperatutéghe
appearance of NFL behavior has also been predicted in th

L o itiod-11 . ﬁ SAMPLE PREPARATION AND CHARACTERIZATION
vicinity of a magneticT=0 K phase transition; " which

marks a quantum-critical poit@QCP and in disordered sys- The samples were prepared by repeated arc melting of the
tems in terms of the Griffiths pha€ewnhich is a cluster appropriate quantities of the pure constituent elements in ar-
model of a spin-glass phasé. gon atmosphere. After melting, the samples were annealed at
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I I S S A Ce(Pd, _,Niy),Ge, (upper pangl and CeNj(Ge,_,Si,), (lower
0.0 0.5 10 0.5 1.0 pane). The solid lines were calculated assuming a Curie law due to
Ni - x Si-y an amount of 1% free Gé& impurities. Forx=0.9, in the upper

panel the solid line is within the symbols even at the lowest tem-
FIG. 1. Lattice parameters c, andz, volumeV, Ce transition-  peratures. The inset ifthe upper panglshowsy ! vs temperature
metal distance and Ce(Si,Ge distanced as a function of nickel for x=0, 0.7, and 0.9.
concentratiorx and silicon concentratiopn. Error bars are indicated

in z(x,y). The errors are smaller than the symbolsdpc, V, r, and Il EXPERIMENTAL RESULTS

d. The solid lines represent linear extrapolations of these parameters A. Magnetic susceptibility
from the regime of a stable €& valence (6<x<0.8) into the h . S . .
intermediate valence reginfiargey). The magnetic susceptibility was studied using a supercon-

ducting quantum interference devi(@QUID) magnetometer

. . _ ~ (Quantum Desighwhich operates from 1.8—400 K in mag-
800 °C for 100 h. Microprobe and x-ray powder-diffraction netic fields up to 70 kOe and an Oxford ac susceptometer

techniques confirmed the specimens to be single phase and\mich allows measurements from 1.4—-300 K in fields up to
crystallize in the proper body-centered tetragonal T8&r 160 kOe. The dc susceptibility;q.=M/H, of a representa-
structure. tive number of compounds is shown in Fig. 2. These mea-
The lattice constanta andc, as well as the volum¥ and  surements were performed in the SQUID magnetometer in
the distance of the Ce ion from the transition metal, have an external field of 5 kOe. In the temperature window of the
been determined from the positions of the Bragg reflectionsic experimentsT> 1.8 K) magnetic order can be observed
of the powder pattern. The parameterswhich is a free for Ni concentrationx<<0.8. As will be seen later, magnetic
parameter in the ThG®i, structure were determined from order is fully suppressed close xe=0.9. This value will be
an analysis of the intensities of the diffraction pattern. Usingtreated as critical concentratioq in the following.
this z parameter we calculated also the distaddeom the On the Si-rich side, where the IV regime is entered and
Ce ion to the S{or Ge atoms. It has been speculated that thethe low-temperature susceptibility is low, a small upturn of
increasing hybridization is not purely a volume effect butthe susceptibility at the lowest temperature most probably is
depends crucially on the hybridization with the electron dendue to a small amount of magnetic defects. The solid line
sities of neighboring ion¥ Figure 1 shows the concentra- was calculated assuming approximately 1% of free €k 4
tion dependence of the lattice parameters, of the volume, argpins. This free-spin contribution is clearly seen in com-
of the interatomic distancesandd for all compositions. The pounds which reveal Pauli paramagnetism at low tempera-
solid lines in Fig. 1 indicate a linear extrapolativegard’'s  tures but is negligible in the Pd:Ni alloys. Fa=0.9 the
rule) from the Pd-rich to the Si-rich alloys. It becomes im- corrected susceptibilitysolid line) is within the size of the
mediately clear tha&, ¢, andz reveal significant deviations symbols of the raw data. For=<0.7 a sharp anomaly indi-
from linearity for concentrations where IV behavior is ob- cates the transition into an AFM phase at low temperatures.
served. This for a lesser degree is also true for the volumelhe magnetic structures so far have not been determined. For
But the Ce-transition metal distanceand the Ce-S{Ge)  concentrationy>0.1, a weak maximum irx(T) is a char-
distanced, both closely follow Vegard's law for all concen- acteristic signature of spifor valence fluctuations. The
trations. It is also interesting to note that the value ahdd  temperature of the maximum susceptibility can be read off as
are almost equal for all concentrations. characteristic temperatufé*.
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FIG. 3. The antiferromagnetic ordering temperatufgs (left C 10F CeNIz(Ge1-yS|y)2
scalg and the paramagnetic Curie-Weiss temperatuigs(left c¥> )
scalg in CePd,_,Ni,),Ge, as a function of Ni concentratiox >
Qal 5 ]
The inverse susceptibility is shown as the inset in Fig. 2. &
From y ! vs T we determined the paramagnetic moments ~ 05} _
and the Curie-Weiss temperaturgs All compounds reveal -~ '
a high-temperature paramagnetic moment of approximatelyl:,
(2.6=0.1)ug close to the value of the full Ce mome{2.54 Q i ]
ug). The Curie-Weiss temperature weakly depends on the
nickel concentration foix<<0.6 and strongly increases on 0.0 L . 1 . L .
further increasing x, an effect that will be discussed later in 0 100 200 300
detail and which is characteristic for IV systems. The char-
acteristic temperature$y and 6§, as a function of the Ni T (K)

concentration are shown in Fig. 3. The critical concentration

between AFM order and a non-magnetic ground state is FIG. 4. The temperature dependence of the resistivity for a se-
close tox=0.9. Theparamagnetic Curie-Weiss temperatureries of concentrations in @ed,_,Ni,),Ge, (upper pangl and

is between 15 and 45 K for< 0.6 and increases towards 150 CeNb(Ge,_Siy), (lower panel. The resistivity has been normal-

K for pure CeNjGe,. These findings are in close agreementized at room temperature. The ir_lsgt_in the upper frame shows the
with Ref. 17. However, it is interesting to note that when GeMagnetic contribution of the resistivity for Ceftak, determined

is substituted by Si in CeRGe,, the Neel temperature in- PY subtracting the resistivity of LapGe,.

creases linearly froffy~5 K to Ty~10 K.2° Pressure stud-

- : ; by subtracting the resistivity of La . The second maxi-
ies of the Nel temperature of CeRB@&e, show a linear in- 4 d 4 PGo,

mum (located roughly at 75 K certainly is due to crystal

crease offy with increasing pressure, td8. electric-field (CEP) effects. The character of the electrical
transport changes significantly a+0.9. While the sample
B. Resistivity with a nickel concentration of=0.8 still reveals the charac-

teristics of a magnetically ordered Kondo system,Xst0.9

Th_e temperature and magnetic-field dependence of the(T) shows the typical heavy-fermion behavior with a rela-
electrical resistivity has been measured by conventional fourh

. ; tively high characteristic temperatufe.g., like UPf (Ref.
point techniques for temperatures 0:06<300 K. Repre-  51)1"\yhere the coherence maximum is already suppressed

sentative results for GBd,_,Ni,),Ge, (upper paneland  gn4 the coherence peak and the CEF peak have merged into
CeNi(Ge, ,Si), (lower panel are shown in Fig. 4. With  gne broad shoulder. That this is not an effect of disorder can
decreasing temperature and for the palladium-rich samples e clearly seen in the pure Celdie, compound which re-
single-ion Kondo minimum and a concomitant Kondo in- veals a similar behavior. In this compound the magnetic re-
crease towards low temperatures is followed by a steep deaxation rate, as observed in neutron-scattering experiments,
crease due to the magnetic phase transitions and the onsetinflicates a characteristic temperatuf&é =40 K.'>1® The
coherence effects of the Kondo lattice. With increasing Nilower panel of Fig. 4 demonstrates how the broad Kondo
concentrationx the temperature of the Kondo minimum enhancement with increasing hybridizatigimcreasing Si
shifts almost linearly fromfr=15 K (x=0) to T=30 K (x  concentratiory) is shifted to higher temperatures. CgSii,
=0.8). The low-temperature maximum decreases ffbm reveals an almost normal metallic behavior below room tem-
~5.2 K forx=0 to T~4.2 K forx=0.7 and is located just perature. The low temperatu(6.1<T<2.5 K) behavior of
above the Nel temperature. It is influenced by the suppres-the resistance is shown in Fig. 5. To show possible devia-
sion of disorder scattering due to AFM short-range order justions from a pure Fermi-liquid behavior we plotted the resis-
aboveTy. In the region wherely—0 K the maximum is tancep vs T?. Figure 5 clearly shows FL behavior of the
shifted to higher temperatures and defines the coherencesistivity only for the compound witly=0.3. Significant
maximum of the Kondo lattice which corresponds to thedeviations appear in the magnetically ordered phase (
Kondo lattice temperatur€*. The inset in Fig. 4 shows the =0.6) and for the compounds just at the borderline from
magnetic contribution to the resistivity for Cef@b, derived  magnetic order to the pure Kondo regime. An upward cur-
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FIG. 5. Low-temperature part of the resistivity in >)
Ce(Pd,_«Ni,),Ge, and CeNj(Ge,_,Si,), for some selected con- ~
centrations as a function @?. The solid lines are fits to a function —
as described in the text. 5
vature ofp vs T? indicates a temperature exponent 2 for
the antiferromagnetic compound, while fo=0.8, 0.9, 0.95 :
as well as fory=0 and 0.1 a downward curvature signals 0 200 400 600
exponentsn<2. The detailed analysis will be discussed T2 (Kz)
later. In Fig. 6 the cross section for quasiparticle-
quasiparticle scattering measured A¢T)=[p(T) - po]/T? FIG. 7. Heat capacity in GBd,_,Ni,),Ge, (upper panéland

is potted as a function of temperature. Just at the criticateNi(Ge,_,Si,), (lower panel plotted asC/T vs T2. The inset in
concentration and towards low temperatur®€l) reveals a  upper panel shows the low-temperature heat capacity for a series of
divergence instead of remaining constant as expected for i concentrations &x<0.9. The inset in the lower panel compares
Fermi liquid. Figure 6 provides a clear indication of the the heat capacity of Celbe, with the reference compound
anomalous scattering observed in the NFL regime. LaNi,Ge,.

C/T vs T? are shown in Fig. 8. The CRd,_,Ni,),Ge, sys-
} ~ tem is shown in the upper panel of Fig. 7 and demonstrates

_The temperature-dependent heat capacity was determingglat with increasing x, the magnetic phase transition is
with a standard quasiadiabatic method in an OxfHe  ghifted to lower temperaturémset in upper panel of Fig)7
cryostat for temperatures 25'<25 K and using a relax- A double peak structure of the specific heat can be seen for
ation method in an OxfordHe cryostat for 0.8 T<5 K. the concentrations=0.5. This might be due to a change of
Some representative results of the heat capacity, plotted §8e magnetic structure in this regime. Other AFM systems
also reveal similar double peak structures in the specific
——rr ——— heat?®*?*Finally, for x=0.9 and 0.95 the alloys remain para-
& . magnetic down to the lowest temperatures. In G&dj the

kCe(PdHNIX)zGGZ specific-heat coefficieny still reveals a significant increase
] towardsT=0 K (Fig. 7, lower panel The inset in the lower

panel of Fig. 7 show€/T of CeNiLGe, in comparison to the
reference compound Lajbe,. With increasing hybridiza-
tion (increasingy) this low-temperature enhancement and de-
viation from Fermi-liquid behavior vanishes. Fg=0.7 a
pure Fermi-liquid behavior can be observed down to the low-
est temperatures with a constant specific-heat coefficient of
approximately 50 mJ/mole¥

The temperature dependence of the specific-heat coeffi-
cient, around the critical concentration where magnetic be-
havior is suppressed, is shown in Fig. 8. To demonstrate the
clear NFL behavior, at least in limited temperature regimes,
we plotted C/T vs log(l). By subtracting the Ilow-

FIG. 6. Quasiparticle-quasiparticle cross sectifr=[p(T) temperature heat capacity of pure Lag8le, we determined
—pol/T2 vs T for Ni concentrations close to the critical regime.  only the 4 derived contributions taC(T). A logarithmic
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FIG. 8. The 4-derived heat capacity for concentrations close to r (A)
the critical concentration in  QBd,_,Ni,),Ge, and
CeNi(Gey_Siy), plotted asC/T vs log(T). The “NFL” behavior FIG. 9. Characteristic temperaturds* and Ty vs the Ce

C/Teclog(T) is indicated as solid line for the different concentra- ransition-metal distance The solid lines are drawn to guide the
tions.[Data for CeNjGe, at low temperatures were taken from Ref. eye. The shaded area indicates the regime where NFL behavior has
15 (+) and Ref. 31 ©).] been detected.

increase ofC,;/T can be observed for temperatures<OB  pure paramagnetic heavy-electron ground state. As we are
<4 Kforx=0.95, 0.5<T<5 K forx=0 and 0.3XT<10K  close to a magnetic phase transitiafy&0 K atx=0.9) and

in y=0.1. However, while this NFL enhancement amountsat this concentration the alloys reveal only weak disorder we
to only 30% fory=0 andy=0.1, the specific-heat coeffi- tried to compare our results with the predictions of the tem-
cient is almost enhanced by a factor of 3 for0.95. Of  perature dependence of the resistivity, susceptibility, and
course, at present we cannot exclude the possibility thaieat capacity close to a quantum critical pdift.For a
Ce(Pd, _Ni,),Ge, still reveals magnetic order below 0.3 K. three-dimensional system with antiferromagnetic interac-
However, for three compounds we find a logarithmic in-tions, at the QCP we expect for the resistivjiyT)=po
crease at least over one decade in temperature which usuallya’ 132 and for the specific hed®/T= y,— a\/T for tem-

is taken as experimental evidence for a pure regime and N@feraturesT—0 K. At somewhat higher temperatures these

for a crossover behavior. laws show a crossover {@=x T and C/T= v} In(TYT).
In a first step we analyzed the resistivity according to
IV. ANALYSIS OF THE EXPERIMENTAL RESULTS p(T)=po+A’T". We are aware that this procedure is a mere
AND DISCUSSION parameterization, but at present it is the only available model
A. Doniach-type phase diagram function. The solid lines in Fig. 5 show some of the repre-

) . i sentative results. From this figure it is immediately clear that
First of all, from these experiments we tried to construct @ower-law behavior in the different compounds is valid in

Doniach-type phase diagram of the complete series of alloyg,syricted temperature ranges only. But that the deviations
that have been investigated in the course of this work. Werqm the FL behavior are really significant is demonstrated in

tried to determine the characteristic Kondo-lattice temperagig g where we plotted the deviations of the resistivity from
tures from the low-temperature peak in the resistivity for the,

, NN ) a T2 dependence below 2.5 K. We consistently used the
systems with weak hybridizatiofupper panel of Fig. Aand  g3me temperature range.08<T<1.5 K) to fit the resistiv-
from the maximum in the susceptibility for the strongly hy-

ity data. The parameters of the fits to all experimental results
bridized sampleglower panel of Fig. 2 Figure 9 shows the Y P P

X ) : ) usingp(T)=po+A’'T" are shown in Fig. 10. Here we plot-
results as a function of the Ce-ligand distamcevhich we ted ?hpe( tgmggrature exponentand th(g prefactoA’ aspa

treat as the relevant scaling parameter for the hybridizatioghnction of the Ce-transition metal distanceClear devia-
strengt?“’ However, it has to be clearly stated that similar tions from FL behavior appear close to the critical concen-
results would be _o_btained using the distancer even the tration. At high-Si concentrations, in the 1V regime, pure FL
volume V. !n addition, we plqtted the AFM qrderlng tem- pehavior is observed, with an exponant2 and a small
peratures in the palladium rich samples. Figure 9 CIearISbrefactorA’. In the magnetically ordered regime we found

. ; "
demonstrates thal* increases strongly just at the critical n=2.3 and again a small prefactor. The exponent is signifi-

concentration where magnetic order is suppressed. Th@antly larger than 2 is due to the scattering of charge carriers

tsha;dgd area shows the regime where NFL effects were d%’y magnetic excitations. Close to the critical regime 1.5
ected. +0.2 in accordance with the predictions of the theory of a
QCP.

In a similar way in Fig. 11 we plotted thedependence of
An important point of this work is the study of NFL phe- the specific-heat coefficieng. We did not attempt to plot

nomena close to the borderline from the magnetic order to &alues forx=0.9 andx=0.95, which definitely would lie

B. Non-Fermi-liquid behavior
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x=1. 09 x=0.5 scattering experimentS.In our case we have to assume, at
y=0 least if the theories for a QCP are applicable for our system,
that our heat-capacity experiments point towards a transition
regime with a logarithmic dependence of the specific-heat
coefficient in a limited temperature range.

At this point it clearly has to be stated that in the same
temperature region where the heat capacity increases loga-
rithmically as a function of temperature, the resistivity fol-

0 A lows aT® behavior, the true asymptotic temperature depen-
dence at the QCP. In the crossover regime the resistivity is
expected to reveal a linear temperature dependence. Similar
discrepancies between specific heat and resistivity results
otL- Q- /AR = were found in CeCi8i,*° and have been reported
CeNi,Ge,.22 The following conclusions can be drawn from

° % these findings(i) The theory of a QCP is not strictly appli-
1 1 1
3.15 3.20

y=0.7 y=0.3

I I
CeNi,(Ge, Si),

20 F

p=p,+ AT

A' (uQcm/K"

cable to the systems investigated. And as the NFL behavior
| . also governs the pure compound CgBl, it is very un-
3.25 likely that disorder scenario&Griffiths phase or a distribu-
. ’ tion of Kondo temperaturg¢sould explain these resultéi)
r (A) The different experimentally accessible quantities are not
equally strongly influenced in the crossover regions which
FIG. 10. The prefactoA’ and the temperature exponenas a  follow the asymptotic laws and/or are partly obscured by
functlon ofr, the distance between the Ce and the trans't'on'met%igher-order effects.
1on. Astonishingly we find deviations from the Fermi-liquid
behavior in a broad concentration regime around GENi
above 1 J/mole K All quantities plotted in Figs. 10 and 11 in the resistivity and in the specific heat. NFL behavior is
show an extremum close tq.. However, the temperature also found in the O&€uy, _,Ni,),Ge, system for Ni concen-
exponentn of the anomalous scattering extends far into thetrations 0.8<x<13273* |n Ref. 24 it is pointed out that
IV regime. CeNibGs, is in the vicinity of a quantum critical point. They
The relevant result of the heat capacity was given in Fighave studied different high-purity polycrystalline samples
8. Here we showed the magnetic part of the heat capacityith extreme low residual resistances between @O cm
C4/T vs log(l). We find a logarithmic increase in the and 3uQ cm and they find a temperature dependence of the
specific-heat coefficient, as it is found in many systemsresistivity p—poxT", where the size of the exponent
while the theories predict a square-root dependence for &1.4 is lightly sample dependent. The sample with lowest
system with AFM interactions at lowest temperatuté. residual resistivity has the lowest valoe=1.373° A similar
E.g., in the paramount example CeCuyAu, on decreasing relationship is found in the isostructural compound
temperatures, also a logarithmic increase of the specific-he@epPgSi,.*°
coefficient has been detected, together with a linear decrease But we cannot exclude that the NFL behavior in the
of the resistivity” In this case the experimental findings doped nonstoichiometric compounds is influenced by disor-
have been explained assuming two-dimensional magnetiger effects. It has been shown that the NFL behavior in the
fluctuation$® which also have been detected in neutron-UcCuy, _,Pd, system can be calculated with a distribution of
Kondo temperatures.UCu,Pd is a chemically ordered
1 compound’’ but, nevertheless, there is evidence for disorder
=0 x=0.5 x=0 from NMR and muon spin resonance measuremetristhe
400 - T - T Kondo disorder model the temperature dependence of the
CeNiy(Ge,,Si),m Ce(Pd, Ni),Ge, resistivity is expected to be linear and while the specific-heat
coefficientC/T follows logarithmic behaviof.However, our
: ; NFL system always reveals a power-law dependence in the
o resistivity with an temperature exponamt-1.2 and a loga-
' ; rithmic increase to low temperatures the specific-heat coeffi-
: ; cient in the nonstochiometric compounds. For the pure sys-
™ § tem the specific-heat coefficient has a constant vakse350
: : ] mJ/mole K, ®which is not consistent with the predictions
° ! : u of the Kondo-disorder model and indicates that Kondo dis-
L] : : [ 1 order is not the dominant mechanism for the NFL behavior
0 . 1 . L . L&l in the pure compound.
3.15 3.20 3.25 3.30 Finally, we only mention our measurements of the sus-
r (A) ceptibility. The susceptibility increases towards low tempera-
tures, as theoretically predicted. However, we did not at-
FIG. 11. Specific-heat coefficient as a function of, the dis-  tempt to perform low-temperature measurements and also to
tance between the Ce and the transition-metal ion. carefully analyze our data. Presumably paramagnetic defects

200

v (J/mole K?)
[ |
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\,=0.84. Itis not possible to describe both the specific heat
and the susceptibility with the same value for For the
resistivity there exists no prediction up to now in the concept
of the Griffiths phase. Also for the other concentrations,
where NFL behavior is observed, it is not possible to de-
scribe the experimental data with one value Xgrtoo. We
think that the existence of a Griffiths phase is not the origin
of the NFL behavior in concentration regime around
CeNibGe,, even if it is the only scenario, which predicts a
NFL behavior in a broad concentration regime.

©
© 9
o o=

N i
o

V. CONCLUSION

We have studied the Kondo-lattice compounds
Ce(Pd, _«Niy),Ge, and CeNj(Ge, _,Si), in the whole con-
centration regime. CeR@e, is a local antiferromagnet with
an ordering temperature dfy=>5.2 K. With increasing Ni
concentrationx the hybridization between thef 4noments
and the band states in @&, _,Ni,),Ge, increases which
leads to a suppression of the magnetic orderxf@tose to
0.9. On diluting Ge by Si the hybridization strength further
increases yielding IV compounds for highconcentrations.

At the critical concentrations the characteristic temperatures
(0p: Fig. 3; T*: Fig. 9 show a strong noncontinuous in-
crease. This is the regime where crystal electric-fl€l&F
0.1 1 10 levels cease to exist as well-defined excitations. This can
clearly be detected in the resistivitfFig. 4), where the co-
T (K) herence peakT(~ 10 K) and the CEF peaKI(= 75 K) merge
into one broad hump. It is also worth mentioning that CEF

FIG. 12. logC/T), logly), and logp—po) vs log(T) for — o iiations have not been detected in C&é,.1° On doping
Ce(Pdy oNig g5 2G6. The solid lines indicate the power laws yield- . . : .
ing the best fit. It is not possible to fit susceptibility and specific- with .C.u the %{Q’S‘a’ field gtates evolve rapidly on deqreasmg
heat coefficient with one unique exponent. For the sake of clarity, berldlzatlon. In the region where the magnetism is sup-

fit with the specific-heat exponent is indicated in the temperaturé)resse_d’ we found s?gnificant _d_eviations frqm Fermi-liqui_d
dependence of the susceptibility. behavior in the electrical resistivity, the specific heat, and in

the susceptibility in a rather broad concentration regime.

hamper a precise analysis especially at very low temperaFhese deviations cannot uniquely be explained with a distri-
tures. Furthermore, a detailed analysis of the polycrystallingution of Kondo temperatures or in the scenario of a
samples is difficult due to the distinct anisotropy of the sus-Griffiths-phase singularity. Different power exponents
ceptibility, found in many HF compounds. have to be used for the specific-heat coefficient and for the

Very recently it has been proposed that most of the NFLsusceptibility. Guided by the fact that in these alloys the
results in HFS may be explained assuming the concept of guantum critical point appears close to the pure compound
Griffiths phase. The Griffiths phakeis a cluster model of a CeNiLGe, we feel that disorder plays a minor role and quan-
spin glass. Of course, in metallic system which reveal a certum critical phenomena should be observed. For tempera-
tain amount of disorder, a spin-glass phase is a natural cofidres 0.1<T< 1.5 the resistivity follows a power-law with
sequence of this quenched disorder and the RKKY interacan exponenin~1.5 in accordance with the model predic-
tion which reveals sign changes as a function of spin-spitiions. However, in a similar temperature ran@3<T=<5
separations. For a Griffiths phase the specific-heat coefficiedf) the specific-heat coefficient increases logarithmically to-
and the susceptibility are expected to reveal power lawsvards low temperatures while a square-root dependence is
C(T)/Tocx(T)ecT~1** with a unique and constant< 1in  expected. To test the predictions of the existence of a quan-
the NFL regime. tum critical point further measurements of the specific heat

In Fig. 12 we provide a test of our experimental resultsto lower temperatures are in progress.
within the concept of the Griffiths phase. Here we plotted the
logarithm of the specific-heat coefficie@/T, of the mag-
netic susceptibilityy(T), and of the resistivityp(T) — pg, as
a function of log(T) for Ce(Pd, ¢sNig.95)2G&. The lines are This research was supported by the BMBF under Contract
fits with the theoretically predicted power laws. The best fitsNo. 13N6917/Elektronische Korrelationen und Magnetis-
reveal for the specific heat-=0.7 and for the susceptibility mus.
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