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CeNiSn and CeRhSb are known as heavy-fermidondo) insulators with a narrow energy gap in the
heavy-quasiparticle density of states. The gap appearance is very sensitive to the number of carriers present.
Existing studies of alloying show that replacement of Sn ions of CeNiSn by Sb leads to a formation of the
weakly ferromagnetic Kondo lattice, whereas CeRhSn has a non-Fermi-liquid ground state. In view of the
contrasting behavior of the Sb-containing and Sn-containing systems, we investigate the solid solutions
CeRhSh_,Sn,, to determine the dependence of the electronic properties on the number of the conduction
electrons and, in particular, on the gap formation in CeRhSb, as well as on the nature of the ground state across
the series. We present the structural properties, the electronic band structure, and the répiStiVitata for
CeRhSh_,Sn. The system exhibits in the Sb-rich regime a variety@f) dependencies at the low tempera-
tures, namely, an activated behavjor pg exp(Aqn/ KsT) for x=0 andx=0.1, p= T2 for x=0.2, which trans-
form into the dependences<—In T for x=0.9, andp o T¢ (wheree~ 1) for Sn-rich samples. Furthermore, the
resistivity of both the CeRhSb and the Sn-substituted alloys indicates a coherent Anderson-lattice nature of the
ground state. We also present thebX3ray photoemissioliXPS) spectra, from which we determine tfeshell
occupation. Analysis of thed3f? weight in the 3 XPS spectra, using the Gunnarsson-Schénhammer model,
suggests that the hybridizatiakys is about 150 meV across the CeRhSBn, series. The XPS valence band
spectra(high-energy probefor CeRhSh_,Sn, are related to the linear muffin tin orbital calculations. We
interpret the XPS data in terms of the band-structure calculations, wherephend the magnetic suscep-
tibility x(T) data(low-energy probesin terms of Anderson-lattice physics.
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[. INTRODUCTION band states of widtkgTyk, which plays both the role of the
coherence temperature for heavy quasiparticle states, as well
Cerium-based KondaAndersony lattice systems exhibit as characterizes the hybridization gap in case of the Kondo
unusual physical phenomena such as heavy-Fét)-lig- insulators?
uid or non-Fermi-liquid types of behavior in a metallic state A paramagnetic Kondo insulator discussed within the pe-
or a Kondo-lattice insulating type of state. Typical examplesriodic Anderson model provides an insulating state for a
of such cerium-containing Kondo insulators with a very nar-k-independent hybridization and for an even number of
row energy gap in the electronic density of stafl@®S) are  strongly correlated electrons per unit cedditionally, the
CeNiSn(Ref. 1) and CeRhSB.The nonmagnetic insulating numerical calculations show that the Kondo gap depends
state of both compounds settles down at low temperature, bgtrongly on the magnitude of hybridization between Ge 4
they become HF metals at higher temperaflireTs, when  and the transition metal states since the Ce #tand Sn or
the gap disappearsThe first qualitative picture of both HF Sb 5 mixing is small. In the case of the momentum-
metals and Kondo insulators was based on the idea that triependent hybridizatiof\V,), the gap may vanish at either
ground-state results from a competitive character of thesome points or along the lines wherg=0, providing thus a
Kondo and the Ruderman-Kittel-Kasuya-YosigRKKY)  semimetallic ground state of the system.
interactions! If the RKKY interaction predominates, various  The stability of paramagnetic vs magnetic ground state in
magnetic ground states can occur with an antiferromagnetithe Kondo-lattice limit is also strongly dependent on the
order appearing at temperatufg. If the Kondo interaction number of electrons per atom. Therefore, the energy gap in
predominates, the hybridization between the localizedCe-based Kondo insulators is very sensitive to the partial
f-electron and the &6s conduction states can lead to a for- heteroelectronic substitutidf-1? Previous alloying studies
mation of either a coherent heavy-Fermi liquid or to a gap/showed that substituting either Sb ions for Sn in CeNiSn
pseudogap formation at the Fermi energy when temperatur@ef. 13 or Sn ions for Sb in CeRhStiRef. 14 leads either
T—0 (see, e.g., Ref.)5A refined picture is based on the to a formation of weak ferromagnetic Kondo lattice or to the
Anderson-lattice model and the formation of very narrownon-Fermi-liquid ground states, respectively.
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TABLE I. Crystallographic and transport characteristics of the CeRhSh, series as a function of

lattice parameters in A Tmax Tmin
X structure a b c (K) (K)  p(T) dependence
0 e-TiNiSi  7.417 4.622 7.866 130 285 p=peexp(Ac,n/ksT) for T<6 K
0.1 e-TiNiSi  7.409 4.615 7.846 102 325 p=peexpAcon/ kgT) for T<7 K
0.2 e-TiNiSi  7.406 4.619 7.852 73 305 p=py+aT?for T<20 K
0.8 FeP 7.460 4.068 44 300 critical behaviorg=7.8 K
0.9 FeP 7.461 4.078 56 236 px—InT for T<16 K
095 FeP 7.478 4.096 60 300 p=py+aT®®for T<25K
1 FeP 7.444 4.081 100 240 p=po+aT’2for T<25 K

The compound CeRhSn exhibits a non-Fermi-liquid char{orthorhombice-TiNiSi structure, space groupnma and for
acter of the temperature dependence for low-temperatune= 0.8 (hexagonal of the B type, space group62m).
physical propertie$? which were discussed in terms of the ~ The x-ray diffraction studies also showed, however, that
Griffiths phase modéf181t has been shown that the electri- for 0.2<x< 0.8 the samples were not single-phase materials
cal resistivity change rises as a function of temperature acand consisted of CeRhSb and CeRhSn. The lattice param-
cording toAp~T¢, with the exponenkt=1, whereas both eters provided in Table | were acquired from the diffraction
the quantityC,/T related to the specific he&,, as well as  patterns analysis using tR®WDER-CELL program.
the magnetic susceptibility, vary asT™", with n=0.5 Electrical resistivity measurements were made using a

In view of the diverse behavior of CeRhSb with respect tostandard four-wire technique. The x-ray photoelectron spec-
that of CeRhSn, it is of interest to examine the solid solutiontroscopy (XPS) spectra were obtained with monochroma-
CeRhSh_,Sn,, to see the effect of the decreasing number oftized A1K , radiation at room temperature using a PHI 5700
conduction electronéwith the increasing) on the gap for- ESCA spectrometer. The spectra were measured immediately
mation in CeRhSb, as well as to trace the changes in thafter cleaving the sample in a vacuum of 10Torr. The
ground state properties across the series. It is also importaspectra were calibrated according to a prescription described
to see how a coherent Kondo-lattice state evolves with thén Ref. 17. Binding energies were referenced to the Fermi
increased substitution of Sn. Our measurements indicate thivel (e-=0).
the gap in CeRhSb is rapidly suppressed even by a small The electronic structure of the ordered compounds was
amount of Sn, though the XPS spectra continue to show satudied by the all-electron self-consistent linearized muffin-
mixed-valent behavior of the Ce ions. Furthermore, the NFLtin orbital (LMTO) method and the calculations were per-
behavior in CeRhSn is suppressed even by a small Sb sukermed using the tight-bindingTB) LMTO-4.7 codel® In the
stitution. approximate(TB-LMTO) method the crystal potential is

The aim of this work is to investigate the electronic struc-treated within the atomic sphere shape approximation
ture, the crystallographic properties, the electrical resistivity(ASA)'® with overlapping Wigner-Seit#WS) spheres cen-
and the static magnetic susceptibility of CeRh$Bn,. We  tered at atomic positions. The values of the WS sphere radii
also compare the valence-band XPS spectra with thevere determined in such a way that the sum of all atomic
electronic-structure calculations for the valence bands. Thephere volumes is equal to the volume of the unit cell. The
first part represents a discussion of the systemelectronic structures were computed for the experimental lat-
CeRhSh_,Sn, by a high-energy probe and is followed by its tice parameters listed in Table I. In both methods the local
characterization in terms of an overall single-particle elecspin density approximatio(LSDA) for the exchange corre-
tronic structure. In the second part we supplement the analylation (XC) potential was employed. In the TB-LMTO cal-
sis with the discussion of temperature dependence of the reulations the XC potential was assumed to be of the form
sistivity and the static susceptibility, that allows for a proposed by von Barth-Hedfd, and Langreth-Mehl-Hu
characterization of the system in terms of the temperature MH) generalized gradient corrections were include@ihe
dependence of the coherent Kondo gap or of a non-Fermrandomly diluted system, say CeRh$8n, o, is regarded as
liquid behavior, depending on the system composition. an effective periodic medium with one atom of Sn in ten

replaced by the Sb atoms.
Il. EXPERIMENTAL DETAILS

Polycrystalline samples of CeRhSkSn, have been pre- lll. HIGH-ENERGY PROBES
pared by arc melting of the constituent elements on a water
cooled copper hearth in a high purity argon atmosphere with
a Zr getter. Each sample was remelted several times to im- It has been controversial whether the ground state of
prove its homogenity and annealed subsequently at 800 °CeNiSn or CeRhSb is in a semiconducting or in a semime-
for 2 weeks. The samples were carefully examined by x-rayallic state with a very low carrier density of stai@0S) or
diffraction analysis and found to be single phaseXer0.2  with a V-shape pseudogap. Different experimefN$/R,22

A. Electronic band structure
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specific  heat® ultrahigh-resolution photoemission the electronic density of states of CeRhSBn, for x=0.1,
spectroscopd) have shown the appearance of a residuaD.8, and 0.9. Also shown in the figures, for comparison, are
density of states within the energy gap. Electronic bandhe XPS valence ban@/B) spectra. The DOS were convo-
structure calculations also predict the small DOS@afor  luted with the Lorentzians of half-width 0.4 eV, to account
either CeNiSn(Ref. 25 or CeRhSKHRef. 26. Obviously, the for the instrumental resolution. The total DOS were multi-
presence of a small Kondo gap in these pure compoundsiied by the corresponding cross secti8hg\ background,
cannot be characterized reliably within the band approach, asalculated by means of a Tougaard algoritfhwas sub-
discussed in the part B below. tracted from the XPS data. The overall agreement between
In Figs. Xa)-1(c), we present numerical calculations of the calculated and the measured XPS VB spectra is good.
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For the compounds of the series CeRh$Bn, with Figure 3a) shows the Ce @ XPS spectra obtained for the
x—0.9 and 0.8 the total DOS spectra decomposes into tweeries of compounds CeRhS{Sn,. Three final-state contri-
clearly separated parts. A band located in the binding energlputionsf! and 2 are clearly observed, which exhibit a spin-
(BE) range of 7-11 eV and separated by a gap~& eV  orbit splitting Aso=18.6 eV. The presence of tHi& compo-
from the valence band originates mainly from thetates of ~nent in the 8 XPS spectrum of CeRhSb and CeRhSn, marks
Sb and Sr{Figs. Xa) and Xb)]. For CeRhSpsSn, ; theses clearly the mtermedlat_e valence charactt_er of Ce attri’s.
states of Sb and Sn are separated by a gap@gV [Fig.  Gunnarsson and Schonhamm@?S) explained in Ref. 31
1(c)]. The part of the valence band which extends from 5 e\how to determme_the initidl-state properties from the Cel3
to ¢ is composed mainly of Rhdistates. The Cefastates P> Spectra, which are related to the fifiatates. In par-
become dominant of the total DOS around the Fermi Ieve['CUIarJ they discussed how experimental spectra can be used
(Fig. 1), while the distribution of the Cel states as well as '© eStimate the occupancyny and the hybridization energy

- s : . A between thef-level and the conduction states. Tie
Rhd states in the narrow vicinity of: are radically different fs . - g
for samples of the series CeRhSISn, with x=0.1 and components in the Ced3XPS spectra in Fig. @) are attrib

x=0.9 uted within the Gunnarsson-Schénhammer model to the

. . _ . f-conduction electron hybridization. The hybridization en-
In Fig. 2@ comparison of R [Fig. 28)] and Ced [Fig. g1y A which describes the hybridization part of the
2(b)] contributions to the DOS is shown for CeRR$8 1 aAnderson impurity Hamiltonia® is defined asm\V2pmae

and CeRhSp;Sn, o The DOS presented in Fig. 2 signals a \yherep,,,,is the maximum in the DOS and V is the hybrid-
local minimum(i.e., a pseudogapat e in the d bands of  jzation matrix element. It is possible to estimatg from the
CeRhSR ¢Smy 1 while the DOS signals a local maximum in ratior=1(f2)/[1(f})+1(f?)], calculated as a function af; in

the d bands of CeRh§3Sny o Considering the fractional Ref. 32, when the peaks of the Cd ZPS spectra that over-
valence of Ce in CeRhSn and its hybridization energy Viap in Fig. 3 are separated. At 885 eV there is also an overlap
between thé- and conduction-electron states, which is com-of the 3d;,f! final states with the Sns3peak. The separation
pared with that of the Ce-Kondo insulator, we try to explain of the Over|apping peaks in the Cd XPS spectra was made
the reasons which could remove a hybridization gap inysing the Doniach-Surji approact#* The intensity ratio
CeRhSb when Sb is substituted by Sn. First, the spacingives for CeRhSb and CeRhSn a crude estimate of a hybrid-

between Ce atoms in CeRh8ge.ce=0.39 nm(Ref. 14 is  jzation width~150 meV. For the CeRh$hSn, compounds
very close to the Hill limit® Therefore, one expecfselec-  the hybridization energy is similar.

trons to be more localized in CeRhSn than in CeRhSbh. How- In order to determine the ground Stdt@ccupation from
ever, this pseudogap represents a precursory effect rathgfe 31 XPS spectra we use Fig. 4 of Ref. 32, where the
than a Kondo gap, as the band calculations do not includgependence of the ratit(fO)/[1(f%)+I(f})+1(f?)] on the f
f-electron correlation®’ occupation is shown foA=120 meV. Relativef® intensities
of magnitude~0.07 for CeRhSn~0.1 for CeRhSb, and
~0.05 for the remaining CeRh$hSn, compounds corre-
B. Ce & XPS spectra spond to then; values of the order 0.87, 0.83, and 0.89,
The XPS spectra of thed3core levels provide an more respectively® The Ce 3 XPS spectra, however, allow an
detailed information about thef 4hell configurations and the estimate of the occupation numbey, and of the energy
f-conduction-electron hybridization. The Ce-intermetallic within the accuracy of the order of 15%. The errors are due
compounds often show different final states depending on th® the uncertainties in the intensity ratios, which can be at-
occupation of the shell: f%, f1, andf? (see Refs. 31 and 32 tributed to the uncertainty of the spectra decomposifighe
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FIG. 3. Ce 38 XPS spectrga) and Ce 4d XPS
x=0 spectra(b) obtained for CeRhSh,Sn,. The f°,

1 x=0.1 I f1, and f2 components{(inv(a)] are separated on
the basis of the Doniach-Suéjiheory. The Sn 8
peak at 885 eV provides-2% of the total peak

. . intensity due to the &,,4f* final states. The dot-
ted line in the inseta) shows an energetic posi-

tion of the peak 834f° in the Ce @ XPS
spectra.
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background subtraction, and the surface-to-bulk r#titbas  bare hybridization magnitude as characterized by the virtual
well as to the approximations in the GS theory. Moreoverbound-state widthA;;,. Below we concentrate on the low-
according to GS, the deviation from the linearity of the in- energy probe_s, namely,_o_n the e_IectricaI resisti_vity an(_j the
tensity ratio of the final- to the ground-stafeoccupation —static magnetic susceptibility. This should provide a direct
number depends od, which is also obtained within the estimate of the Kondo coherence gagy,
same accuracy. We, however, conclude that the coupliisg In Fig. 4 we display the electrical resistivityversus tem-
strong for CeRhSb, CeRhSn, and CeRhS®n, alloys; in  Peraturel for the series CeRh$hSn,. The resistivity curve
consequence, the Ce atoms are in the mixed-valent state. TS & maximum at the temperatdig,, followed by a mini-
Kondo resonance in such a mixed-valent system then form@um atTp,. The values ofTy,, and Try, are tabulated in
the two peaks and hendat T=0) a gap/pseudogap can be Table I. These results will be discussed in detail below.
formed in the electronic density of states; this is the case of TO see the onset of the Kondo-lattice gap formation for
CeRhSb, as we shall see in detail from the low-energy medhe Sb rich systems, we have plotted in Fig&)@nd %b)
surements. both the magnetic susceptibility and the resistivity. Both
There is another evidence for an fluctuating valence of Céhe resistivity and the magnetic susceptibility of CeRhSb
ion in CeRhSk_,Sn,, as shown in Fig. @). The Ce 4 XPS  are typical for cerium valence-fluctuation compounds
spectra exhibit two peaks above 120 eV which can be adlaving a nonmagnetic ground state. The ionic two-

signed to thef® final state?041.32|n Fig. 3b), the indicated interconfigurational-fluctuation(ICF) model proposed by
splitting 5=3.1 eV has almost the same value as the spinSales and Wohllebéndetermines how much of the suscep-

orbit splitting of the La 4l states. 15

CeRhSb,_Sn_

C. Bare versus renormalized electronic structure

So far, we have interpreted our XPS spectra in terms of
LMTO band structure, which obviously does not take into
account the highf-f electronic correlations present in the
thermodynamic behavior. Therefore, this interpretation may
serve only as a qualitative characterization at best and does &
reproduce the main features of the observed spectra. In the
next section we discuss the effect of strain§ correlations

° x=0.95§1.0-
* x=0.90=%

on the low-energy properties such as the zero-field magnetic ' X=°'SOEO_05_
susceptibility and the static electrical conductivity. : X=8-?8 '
o X=U.
—x=0

IV. LOW-ENERGY PROBES

0.0

A. Electrical resistivity and static magnetic susceptibility 0 200 T4(OP(3) 600 800

In the preceding section we have discussed the electronic
structure on an eVhigh-energy scale. Those studies, as we  FIG. 4. Electrical resistivity p(T)/p(750 K) versus T of
have seen, provide only a qualitative characterization of th&€eRhSh_,Sn,. Also are showrp(T)/p(750 K) versus IfT (inse.

235112-5



LEBARSKI et al.

0.0084 .
T CeRhSb
i 2 ©.003 : : .
0.00711j £ cene| I
b 2002t £ ]
0.006- J ° L
) 0 & 0001
€ 0005 O -
£ B 2 0.000
$ 0.004+7 o
= %
0.0031 %
0.002
0.0014 ‘ .
0 100 200 300
. . . . . =
u CeFitho'QSno.1 )
08l ©° CeRnSb lﬂ .
l--l""'.--.-'_ fla
o o &
x e T L] /
g o7f P
= A
= of
E A"
= 061 o
u] "l
o a S
o ooo F N (b)
05 . T T T T ‘
0.10 0.12 0.14 0.16 0.18 0.20 0.22 0.24
1T (K"

FIG. 5. (a) Magnetic susceptibilityy for CeRhSh(open pointy
and they data subtracted with Curie temC/T causes by a fraction
n of paramagnetic Ce impuritie®=0.016. The solid line is a fit
based on the ICF model. Inset shows the susceptibjits= ¥
-nC/T as a function ofT for T<20 K. (b) Reduced resistivity
p(T)/p(750 K) on a logarithmic scale versus T for CeRhSb and
CeRhSp oSty 1.

tibility reported in Fig. %a) is intrinsic. The solid line
represents x(T)=xo+NC/T+nfx41(T), where T =T+T
fit based on this model with parametersy,=7.4
X 104 emu/mol, n=1.6X 1072, T;=250 K, andnf=0.71.
The occupation numbeny is slightly smaller than then
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FIG. 6. Electrical resistivityp(T)/p(750 K) for CeRhSh-Sn g
versus temperature. Maximum of a sharp pealp(f) which is
attributed to a critical behavior, which is locatedTat 7.8 K. The
exact nature of this behavior is not determined.

with the appearance of the Kondo gap in the spectrum at
temperaturel c=6.5 K.

To single out the transformation from the Kondo
insulator/heavy Fermi metal to a non-Fermi liquid, we have
displayed in Fig. 6 the(T) dependence for the sample with
x=0.8. We observe a rather sharp feature aroligrel7.8 K
on the background of a typical wide maximum. Below we
speculate that the narro(T) peak may be attributed to the
quantum critical properties of the NFL instability, which may
appear at a nearby concentration.

B. Physical discussion

The temperaturd@,,,, characterizes experimentally the re-
sistivity dropp(T) upon cooling. The Kondo lattices are usu-
ally discussed in terms of the two temperature scales: the
usual single-impurity Kondo scale and the coherence. The

value obtained from the XPS spectra. However, what is thdirst is responsible forT,,;,, and the latter is reflected in
most striking feature of the subtracted data is their abrupT,,.,{<Tmi») in the p(T) curves. AtTk, the usual minimum,
decrease foll <Ty, as it should be for the Kondo insulators. followed by a rise in the resistivity, is observed with the
Additionally, in Fig. a) we have singled out the magnetic decreasingrl until at T, the resistivity shows a drop with

impurity part(nC/T); the remaining partthe lower curve,
full points) dives down below the temperatufg=6.5 K, as

the decreasing temperatu(eee Fig. 4. This drop results
from a formation of a coherent Kondo lattice. Thus, at low

seen from the inset to the figure. The strong reduction of théemperature in the Kondo lattice system there is a competi-
part ;= x—nC/T below 6.5 K is in agreement with the no- tion between a tendency for the resistivity to increase due to
tion that the Kondo insulator represents a filled band ofthe Kondo effect and to its decrease because of the singlet

heavy quasiparticles. The value of the susceptibijityis

nature of the coherent ground stdéeg., see the discussion

flat above Ty and represents a strongly enhanced valueof CeAl; in Ref. 43. Theoretically, the qguantum coherence

~2.5X10°% emu/mol, i.e.
Also, the p(T) data presented in Fig.(% are typical for a

, in the range for HF systems. (i.e., the appearance of heavy quasiparticle staseassoci-
ated with the effective Kondghybridizatior) temperature

nondegenerate semiconductor with the interband activatioi, not with the temperaturé,,,, which represents a good

energy 6.6 and 0.5 K for CeRhSb and CeR}sSy 4, re-

characteristic from the experimental point of view. The low-

spectively. Again, the gap disappears at approximately théying excitations in the AndersoriKondo- lattice state ap-
same value ofl. So, bothy(T) and p(T) data are consistent pear belowTy < T, Which is
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\Y; 1 mula (18 for CeRhSb and 17 for CeRhfGithe disorder in-
Tk= S e ﬁ) (1 troduced by both polycrystallinity and alloying must be
kP screened out effectively by them. Parenthetically, one should
whereW is the bandwidth of the bare barifid-6s) states note that CeRhSb has indeed an even nunib8y of elec-
with DOS at the Fermi level equal {&@. The valueli is the  trons, so the split hybridized-band structure provides the

usual Schrieffer-Wolff exchange coupling intedfal Kondo insulating state in this situation. On the contrary, the
CeRhSn should then be metallic, as it contains odd number
I = 2\/2(1 + > (2) (17 of valence electrons. Note also that the whole discussion

& e+U bases on the assumption that tHeedectrons of cerium are

delocalized and contribute essentially to the band fillioip-
erwise, CeRhSn would be an insulator or a semimetal and
CeRhSb should be a meYalhis assumption is also not in
%isagreement with the almost integer valence of Ce, as de-
termined from the XPS spectra. It is because the high-energy
?echnique samples practically an instantaneous atomic con-

where ¢ is the bare 4 level location with respect to the
Fermi level andJ is the magnitude of the intraatomi¢-f)
Coulomb repulsion between electrons. Strictly speaking, th
value (1) of Tk, apart from having the sense of the Kondo
temperature, depends, in the lattice case, explicitly on th

temperature. Namely, foF <T we can write figuration of Ce 4 electrons. This feature can be corrobo-
s T)\2 T\4 rated by noting that the lifetime of thef &lectrons on their
TK(T)zTKJfETK(T_) +O{<T_) } (3 parent atoms, when forming the heavy-fermion state, is
K K mue=h/(kgTx) ~ 1012 s, whereas the photoemission is asso-
The principal importance of the functiofy in the ciated with the process on the time scale#/A~10%s,
Anderson-lattice case is connected with the circumstancge., faster by 3—4 orders of magnitude. In essence, on the
that it characterizes both the width of the lowest hybridizedbasis of results for the XPS technique one can talk about the
states, as well as the value of the Kondo ¢ap=2kgTx) i mixed-valent configuration of ceriurtn;<1), whereas on
the low-temperature range. In the regiMe Ty the contri-  the basis of low-energy probes one should qualify this state-
bution to the specific heat of the ty@ ~ T ?exp(~T¢/T).  ment further by regarding thefZelectrons as heavy quasi-
Also, both the resistivity and the susceptibility should exhibitparticles with an almost integer valence of Ce atoms. What is
the activated type of behavior. even more important, both ways of speaking are not in a
Let us now apply these above mean-field results to thenutual contradiction; they represent a complementary way
discussion of the experimental data. The system®f looking at the system, since in the GS analysis one deals
CeRhSh_,Sn, as is clearly seen from Table I, exhibit a va- with an atomic-state representatigdescribing 4 atomic
riety of p(T) dependences at<Tax state$ and in the Anderson-lattice approach one describes
(i) The systems CeRhSb and CeRp§dn, ; exhibit the the states very near the Fermi energy in the quasiparticle
activated behaviof(See. Fig. 8a)] p=pexp(Tk/T), with  terms(i.e., in the momentum representatjiolherefore, it is
Tk =6.6 K for the stoichiometric material arigk=0.5 K for ~ understandable that whereas the GS analysis provides a
CeRhSh ¢Sy 1. bare value of the hybridizatiofi~0.15 eV}, the value of

(ii) p(T) data for CeRhSn and CeRh3Sryos show @ T, is provided by its renormalized counterpdiv—V
non-Fermi-liquid behaviop(T) ~T¢, with €=0.92 and 0.5, =\/(1-n,)¥2~V/10]. This difference is universal feature of
respectively. o the HF systems and may result partly from the interpretation

(iii) p(T)T? for CeRhSReSry, characteristic of the of the high-energy-probe data in terms of the Anderson im-
Fermi liquid, whereag o —In T for CeRhSl ¢S ;. purity model, whereas in reality thef 4lectrons form a pe-

(iv) a singular behavior fox=0.8 sample, indicative of a rjgdic lattice.
critical behavior before NFL metallic state sets in. The hybridization gap disappears with the increasing

The result(iii) means that the NFL state transforms gradu-temperaturéS The temperature diminution of the Kondo gap
ally into the Fermi-liquid state, which eventually becomes ashould be linear iff for temperature approaching the metal-

Kondo insulator upon further adding of electrons to the systic state?¢ This theoretical prediction requires a further ex-
tem, i.e., filling the lower hybridized band of heavy quasi- gmination.

particles. In the complementary regime=0.8 we observe

an.evolutlon into the.NF.L state. The sample with0.8 re- V. CONCLUSIONS

quires further investigations of a possible presence of the

critical behavior forT=7.8 K. Unfortunately, we have been In this paper we have discussed a gradual disappearance
unable to synthesize the samples in the concentration rangd the Kondo gap for CeRh$hSn,, x<0.2 and the evolu-
0.2<x<0.8. Nonetheless, the existing samples, when exantion of the non-Fermi-liquid state fox=0.8, i.e., we have
ined further, should substantiate quantitatively the behaviopbserved a sequence of the states: Kondo insulattieavy
listed as(i)—(iv). Fermi metal — non-Fermi liquid with the increasing,

It is amazing that neither the polycrystalline nature norwhich reflects the decrease of number of electrons by one per
the atomic disorder destroy, upon substitution, this subtlehemical formula when passing from CeRhSb to CeRhSn. It
guantum coherence effects of thé gtates, achieved on the is clear that the random thermal motion will destroy this
scale of 10 K or even less. This implies, that since thessubtle quantum coherent state for temperafureT,. What
systems possess a large number of valence electrons per fig-not yet clear from this work, is the setting of the NFL state
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in the regionx— 1. It may be connected to the onset of the pounds differ from the uranium compounds. This is because
weak ferromagnetic stai&ef. 14. Namely, our preliminary in the case of U systems thfeelectron configuration is a
specific-heat measurements show the presence of a smallixture of 42 and 42 configurations. Therefore, due to the
peak atT=6K, providing the magnetic entropy change on Hund's rule couplind/ we may then have a partition into
the level of 0.0RIn 2. From this fact that the CeRhSn doped |ocalized and itinerant partse., a partial localization*® On

with Sb forms a weakly ferromagnetic Kondo-lattice statethe contrary, in the Ce compounds the 4tate delocalizes
which is already absent for=0.9, a presence of a quantum entjrely, as the de Haas—van Alphen experiment show
critical point neax=0.9 is possible, which drives the Sn-rich explicitly.® This last circumstance explains also a well-
systems into a non-Fernghon-Landay metallic state. This | own fact that the Ce compounds have no obvious mag-

is because the resistivity peak 0.8 of unknown origin netic ordering, whereas many of the U compounds do order

appears already at=7.8 K. :
In effect, in the single series of compounds, we observemagnetlcally very often.

almost all most interesting phenomena associated withfthe 4
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