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The Celg_Rh,In5 series exhibits a range of interesting phenomena, including heavy-fermion superconduc-
tivity, non-Fermi liquid behavior, and concomitant antiferromagnetism and superconductivity. In the low-Rh
concentration rang€0.1<x=<0.5), specific heat measurements show a broad anomaly, suggestive of gross
phase separation. We have performed x-ray absorption experiments at the, €&, and RhK-edges as a
function of Rh concentration and temperature. X-ray absorption near-edge structure measurements indicate that
cerium is close to trivalent in this system, with no measurable change with temperature from 20-300 K,
consistent with a heavy-fermion material. Extended x-ray absorption fine structure measurements as a function
of temperature from all measured edges indicate the local crystal structure of all samples is well ordered, with
no gross phase separation observed, even for samplesxwitil25 andx=0.25. These results therefore
suggest that the anomalous specific heat behavior in the 0<10.5 range have some other explanation, and
some possibilities are discussed.
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[. INTRODUCTION Celrlng is a bulk superconductor below,=0.4 K while dis-
playing a zero-resistance transition at 1.2 K. The low tem-
Strongly correlated-electron systems have been the sub-perature normal state resistivity of Celflhas a NFL tem-
ject of many recent theoretical and experimental investigaperature dependenéé&,p=po+aT>.
tions due to their striking low temperature ground state Below T, measurements of specific heat and thermal
properties: In particular the discovery of diverse and rich conductivity reveal power law dependences, consistent with
physical properties such as unconventional superknconventional —superconductivity. The temperature-
conductivity? the non-Fermi-liquid(NFL) state® and other ~composition phase diagram for CeliRhns is displayed in
heavy-fermion properties have puzzled and challenged cor=i9- 1. As can be seen from the figure, bulk superconductiv-
densed matter physicists. ity is maintained up tx=0.7, and superconductivity coexists
One class of compounds that has attracted considerabfiith long range magnetic order in the range

15,16 H i H
interest recently is that of the newly discovered Ce-based-4=X=0.7->""This coexistence over such a broad doping
heavy-fermion compounds of the form g (M range is unexpected, since a small amount of chemical dis-

. . ie., di i i i llo-
=transition metal, otherwise known as the Ce-11%%Here, order (i.e., different atomic species on a given crystallo

_ . S graphic sit¢ in Ce- or U-based compounds usually sup-
we focus on the case wheké=Ir or Rh. Since their discov- presses superconductivity. For higher Rh dopig0.7, the

ery, most experimental investigations have focused on thgoncentration dependence of the Néel temperature is anoma-
study of bulk magnetic, transport, and thermodynamiqoys: it remains essentially unchanged with Furthermore,
properties: ™ Local magnetic and electronic probes such asspecific heat data show a broad feature in the<x&0.5
muon spin rotation(uSR), nuclear magnetic resonance range which moves to higher temperatures with increasing
(NMR),** and most recently, nuclear quadrupole resonanc&h concentration& This broadening was originally thought
(NQR)*? have revealed additional microscopic details suchto be due to inhomogeneous superconductivity caused by a
as the coexistence of long range magnetism and supercostrain field induced by crystallographic defettd.ow tem-
ductivity and the anisotropic nature of the superconductingerature ac susceptibility data also show a similar anomaly.
energy gap in Celt,Rhins. A thorough and complete un- The end member of the series, CeRhlis a heavy-fermion
derstanding of the microscopic origin for these intriguingantiferromagnet which becomes a superconductor at pres-
physical properties, however, is still far from complete. sures abové®.=1.6 GP& Neutron diffraction revealed that
The Ce-based compounds @ks crystallize in the the magnetic structure is incommensurate alongdlais
HoCoGa-type tetragonal structure, space groBp/mmm  with the moment residing on the Ce i8iirom an electronic
in which layers of Celg and MIn, are stacked alternately structure point of view, the hybridization between the con-
along thec-axis. The cell constanta andc are 4.674 and duction electrons and the Cé-électrons in Celrlgis found
7.501 A for Celrln, and 4.656 and 7.542 A for CeRRBIn to be slightly stronger than that in CeRb# deHaas—van
respectively, according to the x-ray and neutron diffractionAlphen (dHvA) effect measurements in CeRplmcluding
studiest® Though both compounds adopt the same crystaieasurements down to 30 mK have shown that the
structure and display heavy-fermion behavior, CeRigran  4f-electrons are almost entirely localized in CeR}Hir?!
antiferromagnet with Néel temperatufg=3.8 K; whereas, For Celrln, while low temperaturédT=25 mK) dHVA data
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ST T T T samples were found to crystallize in the primitive tetragonal
ai T, ] HoCoGa-type structuré?30
I o  pteed Rh K-edge and Ce and lIr,-edge absorption spectra
3k ,,/" 4 were recorded in transmission mode at beamlines 2-3, 4-1,
é : ' AFM ; and 11-2 of the Stanford Synchrotron Radiation Laboratory
2F . (SSRL. Beamlines 4-1 and 11-2 were equipped with a
I 1 double-crystal §220) monochromator; beamline 2-3 was
1 X e 1 equipped with a double-crystal (3iL1) monochromator. The
N G N monochromators were detuned in order to minimize the har-
0 02 04 06 08 1 monic contamination of the synchrotron radiation Kiredge
x data were also obtained, although the fit results are not con-

clusive as discussed in Sec. V.

Pellets of the single crystal samples were ground with a
mortar and pestle and passed through aut0sieve. The
are well explained by the fdtinerant band modéef angle  powdered material was then brushed onto adhesive tape and
resolved photoemission study at=15 K shows that the several layers were stacked together resulting in an absorp-
Ce 4-electrons are nearly localizéd.The discrepancy be- tion edge step in the range 0.5-1.0 absorption lengths. The
tween the dHVA and photoemission results has been attribsamples were then mounted in a liquid helium flow cryostat.
uted to the difference in the measured temperature rangghe temperature of the samples was varied between 20 and

The temperature at which the photoemission experimentgog K. At least two spectra were taken for each sample at
were performed, 15 K, appears to be sufficiently higher than,5.p, temperature.

the characteristic Kondo temperature below which the o0 the investigation of dilute(x<0.25 Rh-doped

f-electrons contribute to the volume of the Fermi-surface. . ! .
A number of different theoretical approaches have bee gelrins samples RIK-edge absorption data were obtained in

proposed to account for the occurrence of NFL behavior irTIu?retsceBcet n;odteh using a Ct:aTbngg?] 32-ele|ment ge”gf‘af.‘;]“e'g
f-electron materials. Some of these theories include disordeF’—e ector. Data tor the concentrate samples were obtal

based modet&2* and spin-fluctuation-based theorfes? in tra_nsmission. mode. Here we would Iike to ppint out that
The disorder-based theories may be germane in particular f§|€SPité corrections to fluorescence data in ger(em| self-
the cases where Rh replaces Ir in GeRhIns. In addition, absorption and dead-time (_:orrectlﬂ),nsome differences in
the broad specific heat anomaly in the €2<0.5 range is  the observed EXAFS amplitudes compared to transmission
suggestive of disorder. To our knowledge, there have been ridata are common.
reported local structure studies or x-ray core-level absorption
measurements of thé-level occupancy on these heavy- Ill. XANES RESULTS
fermion systems. X-ray absorption spectrosc@pAS) is i _
sensitive to both the local electronic and atomic structure of CeriumLy-edge XANES data provide a measure of the
the atom being probed. For instance, information about th&ffective cerium valence+ or 4+4) and, therefore, the effec-
f-electron occupancy of the cerium atoms can be inferredive f-electron occupancy; (e.g., 1 or 0, respectively This
from the x-ray absorption near-edge StructUdeANES) Mmeasurement is typlcf';lF‘I}/32 achieved by fitting the follow-
around the ceriurk,,-edge. Structure in the energies beyondind formula to the ceriunt,-edge absorptionuq(E) data:
~10-20 eV above the absorbing edge, otherwise known as —(1_
the extended x-ray absorption fine structGEXAFS), con- Prot B) = (1= N0 B) + Nipis(B),
tains information about the radial pair-distance functionswhere u,.(E) and us.(E) are the line shapes for tHfé€ and
around the absorbing species. Therefore, in order to detethe f' configurations of cerium. Ideally, one would obtain
mine the valence of Ce, study the distribution of Rh atoms irthese functions from purely tetravalent and purely trivalent
the matrix and quantify the degree of lattice disorder andcerium intermetallic model compounds with nearly the same
explore possible links with the observed anomalies in therystal structure. Since such materials are not currently avail-
specific heat and susceptibility data, we have performedble, we use the Lk -edge XANES from either LaRhin
XAS investigations on the heavy-fermion system (for x<0.5 samplesor Lalring (for x>0.5 samplesas a
Celr,,Rh/lns (0=x=<1) at the RhK and the Ce and measure of the line shape for both valence states. Note that
Ir L;,,-edges. the u.,(E) and u3,(E) line shapes are assumed to be identi-
The rest of this paper is organized as follows. In Sec. lical apart from an overall energy shift between 8 and 10 eV,
we will describe sample preparation and XAFS measureas is common in intermediate valence intermetallic
ments. Details of the XANES and EXAFS analysis will be compounds?!3?Both lanthanum analogues were used for the
presented in Sec. lll and Sec. IV, respectively. A discussiorx=0.5 sample, and the reported error bars reflect this uncer-
of the results follows in Sec. V. Finally, conclusions of our tainty. An example of typical data and a fit is shown in Fig. 2,
investigation will be given in Sec. VI. and the fit results for all measured samples are shown in Fig.
3, including Celg as an example. All the data are consistent
Il. EXPERIMENTAL DETAILS with essentially trivalent cerium at all temperatures from 20—
Celr,_,Rh,Ing (x=0, 0.025, 0.125, 0.25, 0.5, and 1.0 300 K, as expected for heavy-fermion compounds. Our Ce-
single crystals were grown by a self-flux techniddélhe = XANES results therefore imply a rather small characteristic

FIG. 1. Temperature-composition phase diagram for
Celr,Rh/ns. These data are from Ref. 15.
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Celr_,Rhns.

FIG. 4. Representative low temperatuf20 K) transmission
EXAFS data for Celrlg, CeRhlr, and Celg sRhy slns. Data collec-
tion for the Cel,-edge is limited to 10.5 A by the presence of

The EXAFS data were analyzed using the RSXAP softthe CeL,-edge.
ware packagé33° After pre-edge subtraction, the EXAFS _ _
function y(k) was extracted from the measured absorptionthe RhK-edge dgta(.Sec. IVB) is complicated by th? need
coefficient u(k) according to y(k)=u(k)/ uo(k)~1, where for both transmission and fluorescence data. Since only

1o(K) is a smooth background function, the photoelectrontransm'SS'on data are required from thé_jr-edge for these

o1 S 12 . samples, we begin with the investigation oiLl;-edge data.
wave vgctork—ﬁ [2m(E-Eo)]™, m 1S the electron rest In this structure Ir is surrounded by eight In first near
massE is the incident energy, arig is the threshold energy. nei

; . ghbors~2.76 A away and two Ce second near neighbors
The smoothly varying backgroundy(k) was determined by 375 & away. The Fourier transforntT's) of Ir L,,-edge
fitting a 5-7 knot cubic spline function through the daig.

) S ! . data for Celrlg and Celg sRhy sins are shown in Fig. 5. In
was determined arbl_tranly from the half-height of the main EXAFS, the peak positions are shifted from the actual pair
edge. Structural refinement of the EXAFS data was peryistances by known amounts due to the phase shift of the
formed in R-space by fitting data to theoretical standardsysioelectron at both the absorbing and backscattering at-
generated by FEFFP. Representative transmissid®space  oms. The main peak at2.6 A is therefore due to the eight
data are displayed in Fig. 4. In nearest-neighbor atoms and the peak-8t6 A is domi-
nated by the two Ce second near neighbors. It is evident
A.Ir Ly, edge from the FT’s that the two spectra are nearly identical. The
exception is the peak at4.6 A, which is an Ir-Ir pair in

IV. EXAFS RESULTS

One of the main goals of this work is to study the distri-

) . . Celrlng, but is half Ir-Rh in CelgsRhy slns.
bution Of.Rh atoms In t_he Ca__erR_thn_5 matrix. From a !ocal Single scattering and dominant multiple scattering paths
perspective such an investigation is best accomplished b

probing the coordination numbers for the Ir-Ir, Ir-Rh, Rh-Rh, %{Jp o 10 pathswere included in the fits. Data were typically
and Rh-Ir pairs in the third shell across the series. Analysis of

80
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F O ° e 3] Celrln, k
0.90 ] 5 X x=0025 0
r 2| 2 0 oon| ]
0.88 3| = I ohaos | R (&)
F = 2 & <> CeRhlng R
086 . ] FIG. 5. IrL-edge datak® weighted Fourier transformgor
0 50 100 150 200 250 300 Celring and Celg sRh, gns. Thek-range is 3.0—15.0 & All trans-
T (K) forms in this paper are Gaussian narrowed by 0:3 Ahe peak

indicated by the arrow is due to the Ir-Ir/Rh pair. Note the reduc-
FIG. 3. Cef-occupation numben¢(T) versus temperature for tion of amplitude in CelysRhy slns is attributed to partial replace-
Celr,_,Rhlns and Celn. Lines are guides to the eye. ment of Ir by Rh.
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FIG. 6. IrL,-edge Fourier transformgk® weighted for
Celrpg7:Rhy 12dns. Solid line indicates data; open circles indicate dependence of the pair-distance distribution widths is used to
theoretical fit. Data are transformed from 3.0-158 And the fit  investigate the degree of disorder around the Ir site. The
range, 1.8-6.5 A, is indicated by the dashed vertical lines. refinement assumes the same value%aind AE, (shift in
the threshold energl,) for each temperature. The values of
fit over the range 3.0—15.807A For each coordination shell 42 vs T are fit with a correlated Debye mod¥lusing a
the distances and the pair-distance distribution widtfis)  single adjustable parameter, the correlated-Debye tempera-

were allowed to vary. For the parent compound Cglthe  ture, ®.,. A small, temperature independent offset is in-
number of near neighbors was fixed to their nominal valuesg|uded to fit the data according to the relation

an overall amplitude reduction fact&, however, was al-

lowed to vary.S for all other Ir edge data was fixed to that 0?= 2p(T) + Ptio (1)

of Celrlns. For the various Rh doped samples the nominal

concentration of Rh was used to fix the relative Ir and Rhwhere 0% refers to the inherent temperature-independent

amplitudes for the Ir-1r/Rh pairs. This constraint, however,static disorder and?, refers to the thermal disorder given

was later released during the test for the presence of any Rby the correlated-Debye model. A representative plot for the

clustering. A representative lr, -edge transform and fit re- Ir-In (first shel) mean-squared relative displacemémnt) as

sult is presented in Fig. 6. The structural parameters obtaineal function of temperature is shown in Fig. 7. Also shown is

from the fit are summarized in Table |. Within the experi- the fit using Eq.(1) for that path. Within the experimental

mental errors, the results for all other samples were identicarrors, the results for all other samples are identical. The

to those of Celrlp. Note that the interatomic distances of model fits the data well with a negligibly small static dis-

Celrlns compare very well with those obtained from a pre- placement for all the samples under investigation. The values

viously reported diffraction study? which are also given in  of @ for the Ir-In pair are in the range 257-261 K indicat-

Table I. ing that all the measured samples have nearly the same stiff-
EXAFS has been widely used for obtaining information ness constant. As the results listed in Table || demonstrate,

about local disorder. In the present study the temperaturall Ir-near neighbor pair distances are well ordered even with

TABLE I. Low temperaturg20 K) Ir L;,-edge fit results for Celripand Celp g;Rhg 1o4ns. Within the
estimated experimental errors, the results for all other samples are sRyijarefers to interatomic distances
obtained from diffraction results for CelgriRef. 13. The fit yielded an overall amplitude reduction factor
(%) value of 0.907) for Celrlns; % for all other samples was fixed at this value. The quoted errors are
estimated from differences between scans and a Monte Carlo méRedd34. Absolute errors in nearest
neighbor distances are estimated to-b@.005 A and 0.02 A for further neighbor distances. Absolute errors
in pair-distribution widtho are about 5% for near neighbor bonds and 10% for further neighbor (Befs

34).
Celrlng Celrp g7Rhy 12915

Pair Raiff N R(A) a2 (A?) N R(A) a? (A?)
Ir-In 2.756 8 2.749%) 0.00121) 8 2.7514) 0.00131)
Ir-Ce 3.751 2 3.7®) 0.00211) 2 3.7492) 0.00291)
Ir-Ir 4.674 4 4.643) 0.00147) 3.5 4.663)2 0.001Q1)b
Ir-Rh 0.5 4.663)2 0.00121)b
Ir-In 4.999 8 5.003) 0.00546) 8 5.006) 0.00472)
Ir-In 5.426 16 5.412) 0.00624) 16 5.421) 0.0062)

4r-Rh pair distance constrained to Ir-Ir pair distance.
boﬁ_Rh is constrained t(ﬁ,u”_”/,u”_Rh)alzr_lr, where theu's are the reduced masses.
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TABLE Il. Correlated-Debye model fit results for the Ir-In paie? and ©.) and third shell(R
~4.67 A coordination number fit results for CelgRh,Ins. The total coordination number was fixed to its
nominal value 4.

Ir-In Ir-Ir Rh-Rh
Sam ple Uétatic (A 2) ®cD (K) Nexpected Nfit Nexpected Nfit
Celrlng -0.00022) 261(7) 4
Celry g7:Rho godNs -0.00032) 258(7) 3.90 3.96) 0.10 0.33)
Celry g7:Rho.124Ns -0.00022) 2596) 3.50 3.65) 0.50 0.75)
Celry 7Ry 2dNs -0.00032) 260(7) 3.0 3.44) 1.0 1.25)
Celiy s RNy .5dNs -0.00022) 257(7) 2.0 2.09) 2.0 1.76)

the replacement of Rh for Ir. The other entries in the tablecomparisort® Another important feature from the FT's is
the coordination number fit results for the third shell, will be that in the lowest Rh doping ca$e=0.025 the overall am-
discussed in Sec. V. plitude is reduced compared with the rest of the series. This
reduction is reflected in the value 8f obtained from the fit
B. Rh K edge [0.747) as compared to 0.99) for the rest of the serigs
suggesting that the Rh atoms are not fully coordinated in this

The RhK-edge Fourier transformed data for CeRj¥md case

Celry sRhy glng are shown in Fig. 8. Unlike the Ir-edge case,
there is a slight decrease in the main nearest neighbor peak in
the alloys. This difference could be due to a slight difference
in either the overal[% or o2 for the Rh-In nearest neighbor Fourier transforms for Cg,-edge data and fits are
pairs. We assign this decrease to tifeparameters below. A shown in Fig 10. The theoretical spectra were calculated us-
close inspection of the peaks near 4.6 A reveals a slighihg both FEFF7(Ref. 36 and FEFF8Ref. 38 codes. The
increase of FT amplitude in CglRhyslns relative to  refinement yielded interatomic distances which are in good
CeRhIn. This result is consistent with the Ly,-edge data agreement with those obtained from diffracticsee Table
and will be discussed in Sec. V below. A fitting procedurelV); however, as is clearly seen from the figure, the quality
similar to the one described above was used in extracting thef the fit is poor, particularly in the lovR region. This type
structural parameters. With the exception of theof misfitin the lowR range is observed in Qg -edge fits to
CeRhy o2drg.979n5 case, within the experimental error, the fit all measured samples, including cubic Gelfihese results
results for all other cases are identical. The results correseem to imply that this misfit is generic to these types of
sponding to some representative Rh concentrations ar@e-In intermetallics, and so we ascribe the discrepancy be-
exhibited in Table Ill. A representative fit result for tween data and theory in part to limitations of the FEFF code
Celry 78Ry »dn5 is shown in Fig. 9. The FT was performed in calculating the effective scattering amplitudes and
over the measurekirange, 3.0-14.7 &, with k® weighting.  phases$? We would like to point out however that Ge-edge
The interatomic distances for the parent compound CeRhINnEXAFS measurements were performed on CeRhéeently
obtained from diffraction are also tabulated for at the GSECARS Beam line 13 ID-C of the Advanced Pho-
ton Source and the fit does not display the misfit described
above.

C. Cel,, edge

80

V. DISCUSSION

[=2)
o

This report presents detailed local structure studies of the
heavy-fermion system Cgl;RhIns. Our EXAFS investiga-
tion shows that the local structure around Ir and Rh is struc-
turally well ordered. The data fit the crystallographic struc-
ture well assuming random or near random replacement of
Rh for Ir. The local interatomic distances are in good agree-
ment with previously reported diffraction results. Further-
more, our IrL,-edge temperature dependent fit results indi-
cate that microscopic disorder around Ir, if any, is very small

FIG. 8. RhK-edge datak® weighted Fourier transformgor [05aic=~0.00032) A?]. For the lowest Rh doping cade

FT magnitude
'
=)

20

RA)

static

CeRhiny and CelgsRhy dns. The k range is 3.0-14.7 &. The =0.025, the RhK-edge fit result suggests that some Rh at-

peak indicated by the arrow is due to Rh-Ir/Rh pairs. The slightoms lack the full near-neighbor coordination. It is interesting

increase of amplitude in CgleRhy <Ins is attributed to the partial to note that the superconducting transition temperature is
replacement of Rh by Ir atoms. suppressed for this concentratitnAs shown in Table lIl,
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TABLE lIl. Rh K-edge fit results for Cejr,Rhing (x=0.025, 0.25, L The data for CeRhinwere
obtained in transmission mode; data for GghRhy godns and Celg 7Ry -dns were obtained in fluores-
cence mode. Within the estimated experimental error, the results for all other samples are Rigilzare
refers to interatomic distance obtained from diffraction results for CeR{Ref. 13. The fit yielded an
overall amplitude reduction factor value of 0(9Dfor CeRhlin,. Except for Cel o74Rhy g2dNns, in which %
was found to be 0.75), all other fits used the same valueﬁfas CeRhlg.

CeRnhin Celrg.g7RMy 02915 Celrg 7Ry 29N
Pair Rit N R(A) @ A» N R(A) @A N R(A) a2 (A?)
Rh-In 2.750 8 2.73@) 0.00181) 8 2.73@2) 0.00432) 2.7391) 0.00211)
Rh-Ce 3.771 2 3.13) 0.00241) 2 3.805) 0.0086) 3.762) 0.003@2)
Rh-Ir 4

Rh-Rh 4656 4 4.6@8) 0.00382) 4.623)2 0.00142)°
Rh-In 5.006 8 5.08) 0.00683) 5.0(1) 0.0081) 5.001) 0.005%1)
Rh-In 5408 16 5.4@) 0.00392) 16 5.411) 0.0093) 16 5.422) 0.00347)

aRh-Ir pair distance constrained to Rh-Rh pair distance.
bo*th_" is constrained tdugn-ry ,uRh_”)aéh_Rh where theu's are the reduced masses.

8
2

4621) 0.0031) 3 4.6332 0.00112)°
1
8

[ee]

with the exception of the low Rh doping case, the low tem-was fixed to the nominal value 4. The pair distribution
perature o2 is small, implying very little static disorder widths were held fixed in these calculations. Also, the pair
around Rh atoms. In addition, we performed a similar analy-distances were constrained in such a way that they were al-
sis of InK-edge data. However, the presence of many overlowed to vary only by one standard deviation from the nomi-
lapping near neighbor pairs inhibits obtaining reliable fit re-nally fixed pair distance resul{see Table lll. These extra
sults. Nevertheless, the observed overall trends in amplitudeonstraints were necessary to avoid correlations between
are consistent with the Ir;,-edge and RIiK-edge results. these parameters and the fitted coordination numbers. As the
Although the fit results are consistent with random re-results in Table Il demonstrate, while the error bars are rather
placement of Ir for Rh with increasing we can explore the large, we obtain coordination numbers close to what is ex-
distribution of Rh atoms in the CglyRhlns matrix more  pected from a random or near random replacement of Rh for
quantitatively. In Fig. 11 we show a closer look at the FTIr for all the samples under investigation. Thus, the solid
peaks~4.6 A for the series Cejr,RhIns. Here, one can solution Celf_RhIns appears to be a homogeneous one,
immediately note the following(a) the Ir data show a pro- with no gross phase separation. This result agrees with the
gressive decrease in amplitude with further Rh substitutiontecent *3n nuclear quadrupole resonance work on
and(b) the Rh data show a progressive increase in amplitud€elr, _,RhIns.*?
with the replacement of Rh with Ir. These trends suggest that Having ruled out gross phase separation, we now consider
Rh clustering is unlikely in this system. In order to get quan-the possibility of heterogeneous clustering of Rh. This ques-
titative information on the extent of Rh clustering, a separate
fit was performed by allowing the coordination numbers for

the Ir-Ir, Ir-Rh, Rh-Ir, and Rh-Rh pairs in the third shell to 30_ ' ' T
vary. The total coordination number for that shell, however, 20
T T T T T % i
80 B = 10
5 -
» =0
Ehall ] & T
g =-10
f a0t 1 £ 7
£ -20
201 T I l [ |
_ ] T2 3 4 s 6 7
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FIG. 10. Cel,-edge fit for Celg g7dRhg g2dNs. Solid line (—)

FIG. 9. Low temperaturé20 K) Rh K-edge Fourier transform is experimental data; dashed lie-) is theoretical fit. Transform

(k® weighted for Celry 76Rhy -dNs. Solid line indicates data; open range is 2.4—10.2 &. The magnitudéy(R)| is shown by the outer

circles indicate theoretical fit. The data are transformed betweeernvelope and the real part §R) is shown by the oscillating inner

3.0-14.7 A' and the fit range, 1.8-6.0 A, is indicated by the line. The fit range, 2.0-4.8 A, is indicated by the dotted vertical

dashed vertical lines. lines.
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TABLE IV. Low temperature(20 K) CelL,-edge fit results for F 'Ir' '_e'd éFI‘ = Ceh'[rll ML
Celr,_,RhIns. Within the estimated experimental errors, the results 2 sof ' Lo o Cel,, R o]
for all other samples are similaRy; refers to the average of the k| I-I/Rh @ zﬁo.nﬁho.lzm,
two Ce-In interatomic distance§rst near neighbgrobtained from 5) 20 : Celry R i, |
diffraction studiesRef. 13. The fit yielded arj value of 0.88. é 833888 .

10F 4 v o
Sample Ryir (A) R(A) o2 (A?) A Than
30F N

Celrin 3.288 3.2763) 0.00171) g | T = o,
Celrp sRhy slng 3.2774) 0.00151) % 20} o | Celry R o, |

- s Celr, . .Rh, . In,

CeRhliny 3.285 3.271) 0.00151) s oars_Torzs 751 4
I0] | pesaesiiiiitiiing,, ]
05‘.’.............5
43 44 45 46 47 48 49 5

tion is difficult to answer because if certain kinds of Rh or Ir
clustering occur, these measurements may not be sensitive RA)
enough to detect it. For instance, clusters with different Rh , 3 ) o
concentrations could exist within a single sample. The results F'G- 11. FT's ofk’(k) in the vicinity of the Ir-Ir/Rh and Rh-
for both thex=0.125 anc=0.25, for example, are consistent Rh/Ir pairs. The Ir and Rh edge transform ranges are as in Figs. 5
with the nominalx=0.25 random distribution. We are, how- and 8, respectively.
ever, able to consider near-neighbor clusters, such as if Rh
forms dimers or trimers. For instance, if all the Rh atoms are . . . .
distributed randomly for th&=0.025 sample, each Rh atom of atW_O'd'me”S'?”.a' antiferromagnet near the guantum criti-
will see 0.1 Rh neighbors. We observe @BRh neighbors cal point, whereT" is the energy scale of spin fluctuatiohs.
(see Table I which correspond to a one-standard-deviation
upper limit of 0.6 neighbors. Therefore, we can rule out more VI. CONCLUSION
than 60% of the Rh clustering into dimers for this sample.
This limit is more stringent if one considers larger clusters. \We have presented detailed x-ray absorption spectro-
We now consider the anomaly observed in the specifi®copic investigations of the heavy-fermion system
heat and ac susceptibility data in relation to our crystallo-CelnRhins (x=0, 0.025, 0.125, 0.25, 0.50, and).1
graphic results. In the study of Biancéi al,'% it is pointed ~ CeL-edge XANES measurements show that cerium is
out that crystallographic defects may be the main cause foflose to trivalent in this system, with no measurable change
the observed anomaly in the specific heat and magnetic sutith temperature from 20-300 K. The results of our XANES
ceptibility data in Cely_Rh,ns for the range 0.&£x=<0.510  investigation therefore imply that the characteristic tempera-
Our detailed local structure investigation, however, is inconiure is very small in Cejr,RhIns. Our EXAFS results show
sistent with either pair distance or chemical disorder as bein§at the local interatomic distances are in good agreement
the origin of the anomaly. On the other hand, a similar broadvith the previously reported diffraction results. In order to
feature has been observed in the La doped CeRéystem  test for the presence of any Rh clustering a fit was performed
and this feature has been attributed to the presence of shd¥y varying the coordination numbers for the Ir-Ir, Ir-Rh, Rh-
range magnetic correlatioi%41We therefore speculate that I, and Rh-Rh pairs in the third scattering shell. We find that
the anomaly observed in the CelRhIns is due to short Rh replaces Ir in a predominantly random or near random
range magnetic order. The field-dependent NFL behaviowady across the series suggesting that the solid solution
observed in this concentration rafi§esupports this CelrRhlins is a homogeneous one, with no gross phase
hypothesis. separation. This result implies that the anomaly observed in
Microscopic disorder is the main component in severathe specific heat and susceptibility d&tahould not be as-
NFL models. In the present case, we measure the heav¥ibed to Rh clustering. Based on similar observations on the
fermion system Ce|t,Rhns to be a well-ordered system. La doped CeRhig* it is speculated that the anomaly could
Since there is little disorder, it appears that disorder-basefie due to short-range magnetic correlations. Finally, our
models cannot be used to describe NFL-like behavior ifemperature-dependentlly,-edge fit results indicate little or
these systems. On the other hahdin spin-lattice relaxation NO static pair distance disorder around Ir. Consequently, in
studies have shown that the heavy-fermion superconductdhe present case, disorder-based NFL models cannot be used
Celrlns is near an antiferromagnetic-quantum critical pdint. to describe the low-temperature NFL properties. Proximity to
This would then suggest that strong spin fluctuations migh@n antiferromagnetic quantum critical point, on the other
be responsible for the observed NFL-like low temperaturdiand, suggests that strong spin fluctuations might be respon-
properties. The recent work by Nakatsejt al. supports ~ Sible.
this point of view!® These authors extracted an intersite
spin-liquid temperatureT" from the specific heat of
Ce,_,La,Colng alloys. In the dense Kondo regime beldw
the alloy is observed to exhibit NFL behavior. This finding is  The authors acknowledge Stefan Sullow for useful discus-
consistent with the observed resistivity and specific heat datsions. Work at Lawrence Berkeley National Laboratory was
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