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2’Al NMR in grain-aligned ternary intermetallic CeNi ,Als: A dense Kondo compound
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We report?’Al NMR studies of CeNjAls and LaNpAl in 7 T and in the range 3.5-300 K. CeNls is
dense Kondo compound that orders antiferromagnetically at 2.6 K. For two inequivalent Al sites for the Ce
compound, the nuclear quadrupolar splitting frequemgyis 0.98 and 2.52 MHz, respectively. Knight shifts
for both the sites are almost equal in magnitude and follow a linear relation with molar susceptibility in the
range 30—300 K. The transferred hyperfine coupling conskpt 1.84 kOelig, is small compared to those
in other Ce compounds. The behavior off]{for the two Al sites is widely different. For the &) site, with
one nearest-neighbor Ce ion, thieélectron spin-fluctuation process dominates over the Korringa contribution.
In particular, the Ce-#Aspin correlation nearest to @) starts to develop below 150 K. Finally near 12 K, the
fluctuation frequency of thefdspin becomes comparable to tHAlI NMR frequency, resulting in the reduction
of 1/Tq; with further lowering of temperature. For the(8) site, which sits in between two Ce near neighbors,
the relaxation process is dominated by the Korringa contribution in the range 12—300 K. It could, however,
sense the effect off4spin correlations below 12 K. The widely differeffAl nuclear relaxation mechanisms
for two inequivalent Al sites in the unit cell of CeMil indicate that the effect of the spin fluctuation due to
the Kondo effect overcomes that due to the Rudderman-Kittel-Kasuya-Yosida interaction fof2heaifd in
the range 12—-300 K. On the other hand, the behavior @ffbr the Al(1) site resembles that of CeAl
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[. INTRODUCTION recent magnetization measurement at 400 mK and magneto-
zjtriction at 1.2 K(Ref. 10 lead the authors to contend that

D_ens_e Kondo co_mpounds_have revealed compllc_a_ted anfot only the Kondo effect but also the magnetoelastic and/or
fascinating magnetic properties due to the competition be-

tween Kondo and Rudderman—Kittel—Kasuya-YosidaquadruDOIar effects should be taken into account to explain

(RKKY) interactions. In the past, many cerium compoundsthe system. A very recent electronic structure calculdtion
: ' eveals that the Al-rich compounds in the Ce-Ni-Al system

showing such a competition have been investigated. Mem" . . . g
bers in the ternary Ce-Ni-Al systémare no exception. May be considered as “polar intermetallics” because the

Among all the different phases in this phase, the AI-richFer.mi Ieyel coincides With.the separation of bonding and
portion of the intermetallighas attracted much attention a@ntibonding states of the Ni-Al framework. Thus a complex
due to its exceptional electronic and magnetic properties. Fdrature of the electronic structure demands further study.
example, CeNiA] is nonmagnetic down to 1.6 K, with the There had been only one publication involving NMR and
resistivity behavior resembling a dense Kondo syétéwith ~ nuclear quadrupole resonan@$QR) studies® of *’Al in the
Kondo temperatureT,~60 K. Moreover, the?’Al NMR powder sample of CebAl; and the focus was on the AF-
showed a signature in tref hybridization belowT,.>6 On  ordered state by NQR. However, the authors could not shed
the other hand, Cebll; is an antiferromagnetiGAF) dense  much light on the paramagnetic state because of the overlap-
Kondo compound withTy=2.6 K. The temperature depen- ping of the quadrupole-split NMR lines from different Al
dence of the resistivity shows a broad minimum aroundsites with unequal values of the quadrupole frequeneigs

30 K; a -InT behavior appears down to 5K and drops=3e’qQ/20h. The broad NQR spectra beloW suggested
abruptly at 2.6 K after a broad maximum around 4 K. Thisthe presence of a complicated spin structure with spiral or
was defined as the Kondo temperatirg The magnetic sinusoidal modulation. In this paper we have reported de-
transition has been confirmed by resistivity, magnetic suscepailed /Al NMR studies in a grain-aligned sample of
tibility, and specific heat measurements. The orthorhombic€€eNpAlg in the temperature range 3.5—295 K. A very large
local symmetry leads to a strong crystal-electric-fi6EF)  anisotropy in the magnetic susceptibifityacilitates the
effect, and a very large anisotropy was observed. The consalignment of the polycrystalline sample in the presence of a
quence of a comparablg and Ty indicates a complex rela- magnetic field along thé axis. Thus the grain-aligned
tion between the Kondo effect, the RKKY interaction and thesample allows us to observe clearly resolved satellite transi-
CEF effect in CeNiAls. A neutron diffraction measuremént tions and consequently the site assignment is unique. There-
on the single crystal at 1.4 K indicated that the magnetidore, the Knight shift and the nuclear spin-lattice relaxation
structure is sine-wave modulated with a propagation vectorate(1/T,) could be determined with sufficient accuracy. We
k=(1/2,2/5,1/12. The maximum amplitude of the mag- have taken LaNiAls as a reference material, as it has the
netic moment is equal to 1.54g and its direction is tilted 8° same crystal structure as CehNis, with very close lattice
from the b axis toward thea axis. Precise determination of parameters and, apart from the Ceelectrons, similar elec-
the magnetic structure was done by Givadal® A more  tronic configurations are expected for both compourids.
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20 (deg.) axis. The big arrow shows the direction of the magnetic field ap-

plied to orient the crystallites.
FIG. 1. (Color onling Typical XRD spectra of CeMAl5 in (a)
random powder andb) grain-oriented powder obtained as men-

tioned in the text. The direction of the applied field was always kept parallel to

the b axis in the case of the oriented sample. Temperature
[l. EXPERIMENTAL variation was performed in an Oxford cryostat with an ITC
503 temperature controller in the range 3.5-295 K. The
spectrum was recorded by applying&2—-r—m/2 solid
The polycrystalline samples of CeMis and LaNbAls  echo sequence. Knight shifts were measured with respect to
were prepared by repeated arc melting of the stoichiometrighe reference positiotwg) of 2’Al resonance in a AlGl so-
amounts of the constituent elements of high purity in anyton, At high temperature, the spectra, at a fixed magnetic
Ar-arc furnace. We then annealed the ingot wrapped in thge|q \were obtained by exciting, at a large frequency range, a
tantalum foil at 1000 °C under vacuum for 7 days to mini-y.na4 part of the spectrum, and recording in each step, the
mlzedthe defelcts.nge x—Iray d'ﬁLaCt'dp.(R'E) pattern ?f the amplitude of the Fourier-transformed spin-echo signal. Be-
Fhow er Isa_mr? €o fw‘ 5,fatshs ownin 'g' C_Elf)h con lllrms low 20 K, where the lines broaden, the spectra were obtained
€ single-phase nature ot the compound. the ce pararrby exciting, at small frequency steps, a narrow part of the

eters refined by the Rietveld method using th&LPROF Lo .

. . spectrum, and recording in each step the amplitude of the
progranmt* agree very well with orthorhombic Prifils-type FF())urier-transformed spir?—echo signal P P
structure (space groupimmm), with lattice parametetsa ’

=7.021 A, b=9.604 A, ¢=3.991 A. Another part of the

finely powdered sample was then mixed with the low viscos- | TRANSFERRED HYPERFINE INTERACTION AND

ity and low magnetic susceptibility epoxPOTEK 301 in NMR SPECTRA

a cylindrical quartz tube and placed in a magnetic field of

7.04 T for 48 h for NMR measurement. A flat sample was |n a system such as CepMil 5, the Hamiltonian for &7Al

also prepared for XRD studies to test whether thexis of  nycleus with spin=5/2 in thepresence of a magnetic field
the grain-aligned sample was perpendicular to the surface qf | is written asH=H,+ HeonatHw+Hg, WhereHy is the

the plate. XRD patterns for an aligned samifteg. 1(b)]and  zeeman termH,ynq represents the magnetic coupling be-
that of the random powder of Ceil; suggest that the ma-  tween the conduction electron spin and the nuclear spin, and
jority of the grains in the aligned powder have thbiexis s temperature independent. The teHy arises due to the
parallel to each other. In the case of LaMlis, we were able jnteraction of thef electrons with the probed nuclei, via the
to orient the crystallites partially but, most importantly, the  conduction electrons, and is temperature dependent. How-
axis of the CrySta”ites, as in CEM|5, were oriented along ever, in case of |_a|\£A|5, the termHM does not arisdﬂQ is

the magnetic field. The crystal structure is drawn in Fig. 2. Inthe electric quadrupole interaction. Assuming that the princi-
the unit cell there are two inequivalent Al sites, denoted hergya| axes of the electric-field-gradietEFG) tensor and the

as Al(1) and Al(2). The Al(1) site has anmsite symmetry  magnetic shift tensor are coincident, the resonance frequency
having a multiplicity of 8. The Al2) site has a site symmetry  of a given transitionfm« m-1) is given by

of mmmwith a multiplicity of 2.

A. Sample preparation and characterization

B. NMR measurement v(Mmem=1) =+ V((qlu)ad+ Vgﬁ)ad"' Vani- (1)

2’Al NMR experiments were performed in a Bruker MSL
100 spectrometer with a 7.04 T superconducting magneDetails can be seen, for example, in Ref. 15.
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- B. 27AI NMR in LaNi ,Alg
FIG. 3. (Color online Some typical“’Al NMR spectra of . 7 .
CeNbAlg at 7.04 T at different temperatures. The dashed line indi- Figure 3a) shows the?’Al NMR spectra of the oriented

cates the theoretically fitted spectruta) Different transitions for ~Sample of LaNjAls at 300 K. Exactly similar spectra with
Al(1) and Al2) sites are shown. The central transitions for both theth® same amount of shift were observed down to 80 K.
sites coincide(b) and(c) The arrows(]) indicate the corresponding Structure around the central line arises because of the imper-
transitions same as 300 Kc) +3/2« +5/2 transitions for A(2)  fect orientation. As in CeNAls, we have assigned the two
are not shown. inner pairs of lines as due to the(4) site. We could detect
only the +3/2— +1/2 transition for the A(2) site. Other
transitions could not be detected at any temperature. This
may be a fact of the imperfect alignment causing line broad-
Figure 3 shows thé’Al NMR spectra of CeNiAl; at ening.vg and 5 values for both the All) and Al(2) sites are
different temperatures. The central transitions foflAland  found to close as in Ceblls. Figure %b) shows the NMR
Al(2) sites merge with each other; however, clearly resolvedpectrum due to randomly oriented powder. Structure around
two pairs of satellite transitions for these two sites were obthe central lind shown more clearly in the inset of Fig(5]
served. Considering the intensity of each line and the multireveals the characteristics pointg and v, of the second-
plicity of each Al site in the unit cell as seen in Fig. 2, we
have assigned the two innermost pairs to thélAbite; the
outermost two pairs arise because of 2l Observation of
the overlapped central transitions suggest that the Knight
shift for the two types of Al sites are close to each other.
However, clearly resolved satellite transitions indicate a sig-
nificant difference in the quadrupolar interaction parameters
between the two Al sites. On lowering the temperature the
spectra shift continuously towards the high-frequency side
with a gradual line broadening, which has been considerably
enhanced below 10 K such that the satellite lines for the
different Al sites start to superimpose partially. For example,
Fig. 4 shows only the -1/2--3/2 transition for the AlL) D S S e i T
site in the temperature range 3.6—8 K. Thus it was always T , e
possible to measure the shift andT1 /by exciting only the 752 762 772 782 782 802
desirable single resonance line with accuracy. Therefore the Frequency (MHz)
shift and the quadrupolar interaction parameters th_rqughout FIG. 5. 2Al NMR spectra of LaNjAls in the partially oriented
the Whole temperature range are determined by fitting th%owder(a), and randomly oriented powdép) at 7.04 T at 300 K.
experimental spectra using Eq). The vq for the Al(1) and  The inset in(b) shows the central part in the expanded scale. The
Al(2) sites are found to be 0.984 and 2.520 MHz wifh  typical powder pattern relevant to the second-order quadrupole in-
=0.3 and 0.075, respectively. These values are very close teraction for the Al2) site is evident by prominent poinig;, and v
those reported by Fujiwarat al!* Quadrupolar interaction as described in the text.

A. 2’A NMR in CeNiAls
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FIG. 6. (Color onling Variation of the Knight shiftK% with T
in +,X: CeNpAls andO: LaNi,Als. The inset shows the variation versus temperature curves, indicate a small valug-@flong
of K% with xy along theb axis. the b axis, whereas the same for tlaeand ¢ axes of the

crystal are considerably larger in magnitude with a negative

order quadrupolar split central transitiérbelonging to the  sign. Thus the value of, determined from the present NMR
Al(2) site. A rough estimation ofy, from VH_VL:%[I(I data ?n orientedH I b) pOW(_je_r_ agrees quite well with that of
+1)—%](vé/vR) gives a value close to that derived from the the single-crystal susceptibility result.

data measured in the oriented sample. IV. NUCLEAR SPIN-LATTICE RELAXATION

The magnetic spin-lattice relaxation of a nucleus with
spin1=5/2 with quadrupole splitting of the nuclear Zeeman
The temperature dependence of the Knight sthft is  levels is governed by master equatithhat predict a mul-
shown in Fig. 6. It is seen th&t increases continuously with  tiexponential behavior. In case of saturation recovery with a
the lowering of temperature down to 3.5 K. The inset of Fig.short saturation sequence, the recovery ofithe m—1 tran-

6 shows the variation df with the bulk molar susceptibility, sitions are as follows:
xwm along theb axis. Since the susceptibility of the reference 1/2— -1/2 transition:

C. Shift and the hyperfine field

compound LaNjAl5 is very small, the measured susceptibil-
ity of CeNib,Al; can be identified as being due to the wzc[o'ozg ex;é_—Zt)+0.178 ex;é_—et>
f-electron susceptibilityy!,. K is found to vary linearly with M(e°) Ty T1
xm in the range 30—300 K. As long as the contribution due — 15
to K, is negligible, following Carteet al,'’ the experimen- +0.794 ex;é )]
tal Knight shift can be written a&,=Kq+Kg;(T), which T
reduces to +3/2 +1/2 transition:
— f

Kiso= Ko+ (Hn/Npzg) xia(T), ) M(=) =M@ _ C[O_OZS o ;(—) + 0.053 ex 4_)
where K, is the shift due tos-conduction electrons and M() T T
Ks+(T) is due tos-f exchange interactiorH; is the trans- — 6t -10
ferred hyperfine fieldN is Avogadro’s number, angg is +0.025 eXFQT—> +0.446 ex;€ T )
Bohr magneton. A linear fit of this curve to E@) gives the ! L
values ofKy and Hy¢ as 0.03% and 1.842 kOgj, respec- -15) |
tively. The measuredt,; is small and close to that found in +0.446 ex;é 1 )]
CeNiAl, (Ref. 6, but cannot be explained by the dipolar N
fields of the magnetic moments of the Ce-electrons. +5/2 +£3/2 transition:

It is to be noted thaK, for LaNi,Als is found to be M(s) = M(t)

-t -3t
~0.05%. Subtracting the value &, from the measure, M C{0.0ZS ex;{_l_—> +0.214 ex;é_l_—)
the contribution to the shift due t&f exchange interaction (=) 1 1
(Ky) is estimated. Figure 7 shows the linear variation dfa/ - 6t - 10
with temperature with an intercept at —8.5 K on the tempera- +0.4 exp —— | +0.286 ex
ture axis. Though the value of the Curie-Weiss temperature
(6p) along the three crystallographic axes is not mentioned in - 13

. o +0.071 ex .
the single-crystal susceptibility resuftthe nature of the 1y

1 1

1
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' U lstsatellite (1/2 <> 3/2)  + nucleus separated by a distamcé /Ty; is therefore sensitive
L end satelliie (3/2 < 6/2) - 4 to correlation between the stochastic motions of Ce neigh-
*++\ . bors as well as to the single Ce spin-fluctuation time. A con-
08 - W | venient definition of the latter quantity for NMR is given
: N
"N by?t
>
g 06 | v < . 2 X'(0, w0)/ wg
"\-‘ + ! e —q
s - T= ; : (6)
. N
* 04 \ . x'(0.0
K The summation is over the spatial fluctuation modes with
oo b ** % 1 wave vectorg. The frequency dependence ofs very small
’ %, if the nuclear resonance frequeney is much less than the
P, characteristic fluctuation rates, i.e.,db7<<1. If the probe
o, . . Bt nuclei are each coupled to only oné in, then it can be
0.0001 0.001 0.01 0.1 shown that?
te) XIK2T 1T = 2Ny2Kg T, (7)

FIG. 8. (Color onling Nuclear magnetization recovery 1 where y is the bulk 4 susceptibility. In the more general
-M(t)/M() for ‘Al first and second satellite transitions for the case, the above equation still hofdswith = replaced by
Al(1) site in CeNjAl5 at 300 K. ' '

2 IHH?X" (0, wo)/ g
q

The constan€ and the spin-lattice relaxation ting are the Tott=
two parameters to be determined by fitting the experimental N[Hp?x(0,0)
e At 2 gen ks s coule ooy ne et
independent of], and Eq.(8) reduces to Eq(6).

perature range, the mgasurements‘l’pf/vere performed us- If the local moment fluctuation frequencwy, (771 is

N9 tge. sastell|t<|e”tr$RS|t|%ns t"hat.are vaeII _resolyed,l as mefnfnuch faster than the nuclear Larmor frequency, then the ex-
tioned in Sec. lll. Thus by allowing selective stimulation o pression for 1T;; may be expressed %s

one of the satellites, by applying a singte2 pulse, the
growth of the solid echo was monitored at variable delays. UTqy= yﬁHﬁf/wﬂ. (9
Figure 8 shows the recovery curves for the two satellite tranin eneral.on is given by two mMaior brocesses. | and
sitions for the A(1) site at 300 K. The values df, obtained 9 @ 1S g y Jor p » |- @y

from the two transitions were found to agree quite satisfac:-c" The former is caused by exchange interactions among
- . . 2 - 2
torily. It is to be noted that in Fig. 8 the decay curve for local moments and is given by, 82\]§X[J(J+1)]/(3h )

+1., 423 yansition remains below that ofSes + 2 transi- The latter is due to the spin-exchange interaction with con-
=272 ) ) 2= "—2 "€ c%uction electrons given by.¢= 7h[JN(Ep) ks T. Here,Joy
tions. Such a decay behavior confirms the predominance q A

is the superexchange coupling between Ce momentsjand

the magnetic relaxation over the quadrupolar one in thefs the spin-exchange coupling between the Ce local moments

present S%g’tem a_md justifies the use of_equations for magnetécnd conduction electrons. It is to be noted that the former
relaxation-%In this compound, 17, is given by predicts a temperature-independ@&pt while the latter gives
LTy = 1Ty + 1Ty, (3) a T-dependent’; process.
) ) o Figure 9 shows the variation of T{ with temperature for
where the first term represents the Korringa contribution duw(l) and AK2) sites in CeNjAlg along with those in
to contact interaction with conduction electrons LaNi,Al.. Interestingly it may be seen that in CeMNis, the
1Ty = w392 2AEN(ER) ke T, (4)  nature and the magnitude of T/ are different for the two Al
_ _ _ . sites throughout the temperature range 3.5-300 K, though
whereAy is the transferred hyperfine coupling aN@Er) is  there is no measurable difference in the Knight stfif. 6).
the density of electronic states at the Fermi level. Hence foOn the other hand, in the La compoufdhere only the
heavy fermion systems, T{x also provides access to the contributionT,« is present with(T,;T)"1=0.025(s K™1)] the
hybridization-enhanced density of states at the Fermi levelalues ofT, for the two sites are found to be same through-
The second term, T; arises due to thé-electron spin fluc-  out the range 80—300 K. This finding suggests that the dif-
tuations that will be transferred via RKKY interactions from ference in 1T, for the two Al sites in case CeM\l arises
local moments to the site of the NMR nucleus and is giverdue the difference in the fluctuating part of the magnetic field

(8)

by* produced by the Cefdelectron, whereas the time-averaged
B > » part of the fluctuating magnetic field, produced by the same
1T = ks T2 [Hi(@)PX(A, w0, () Ce-4 electron at the Al nuclear sites resulting in the shift of
q the resonance lines, are same for both the sites. Thus the long

where H,«(q) is the spatial Fourier transform of the trans- wavelength(q=0) part of the dynamic spin susceptibility
ferred hyperfine fieldH,«(r) between a C¥ ion and an Al  contributing to the Knight shift is same for the two Al sites
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electrons whose time scale is much faster than the Larmor
frequency,w,. As the resonance positions for the(Bl and

FIG. 9. (Color onling Temperature dependence of tHal spin- Al(2) sites are coincident in the whole temperature range
lattice relaxation rate for tha: Al(1), B: Al(2) sites of CeNjAlg, 3.5-300 K, they have the same valuewf Thus it seems
respectively, and®: Al(1) and 4: Al(2) sites of LaNpAls. A: that the Al2) site is not experiencing the effect of develop-
17Ty for Al(1) and[: 1/T;; for Al(2), obtained after subtracting ment of short-range magnetic correlations in the range
the 1/Tyi contribution for LaNjAl5 from experimental 1T, values 12300 K, whereas Al) is sensing the same below 150 K.
of CeNpAls. However, it starts to sense this effect below 12 K resulting in

and changes equally with temperature. The contribution dug" €nhancement of T{; without showing any peak down to
to the short wavelength components affecting the Al nuclea-> K- The almost temperature-independent behavior of
relaxation process for the two Al sites, are different both inl/Tis in case of the AR) site over the range 12-300 K
nature and magnitude throughout the whole temperaturgéuggests the dominance of tiag, term in 1/Ty;, with wey
range. > wq. Moreover the magnitude of Tf; in the measured

In order to understand this result, it is necessary to deterk/T; of the Al(2) site is less compared to the Korringa part,
mine the temperature dependence offt/for the two Al so that over a wide temperature range of 12—300 K, the
sites. For this the Korringa contribution Ty, determined in  Korringa behavior dominates in the temperature dependence
LaNi,Als, has been subtracted from the measured values aff 1/T, for the Al(2) site and therefore is almost parallel to
1/T, of CeNbAls. The variation of 1T, with temperature is  that of the 17; vs T curve of LaNpAls. This finding sug-
also shown in Fig. 9 by open triangles and open squares fQjests that for the AR) site, the effect of the fspin fluctua-
Al(1) and Al2), respectively. In the range 150-300 K, {ions due to the Kondo effect dominates over that of the
/Ty for Al(1) increases slowly with the lowering of tem- Ry interaction. The result also indicates that the corre-
perature, indicating a dominant contributionaf; in wn In |5teq spin fluctuations of the Ce ions close to thé2Asite

Eqg. (9). The rate of increment of T4 then is enhanced ap-
preciably below 150 K, suggesting the development of shortis)fgljg ?oe\t/r?éozt?;na g]rulggrig\girfft:(r:?%(\a/gtﬁ l:z)k:i\(;ci)rlﬂgrac-
range magnetic correlations between the €eléctron mo- 9

ments. Below 12 K, 1T,; decreases sharply down to 3.5 K, tiqn arour_1d the Al2) site as if thes—f hybridizatipn around
indicating the effect of the slowing down of the Cé-dlec-  this Site is greater than that around the(1jlsite. These
tron spin-fluctuation rate. The peak thus appears at a temvidely different mechanisms in the nuclear spin-lattice relax-
perature(12 K) that is much higher than the reportdg, ation processes of two inequivalent Al sites over a large tem-
=2.6 K. A similar shift in the peak position of T from Ty, perature range is a rather strange observation in a dense
by about 7 K towards the high-temperature side was als¢tondo system that exhibits magnetic ordering.
observed in the case of CeAtom 2’Al NQR studies?! Thus Figure 10 shows the temperature dependence offdr/
the shift in the peak position froff as observed in the case the two Al sites determined from the present NMR data,
of CeNiLAls could not be attributed to the effect of the ex- using Eq.(7). It is seen that for the AlL) site, 1/7=T in the
ternal magnetic field. Nevertheless, the appearance of thimnge 150—300 K. This suggests that in this temperature
maximum near the magnetic phase transition, may be attrirange the 4 local moments are noninteracting and are re-
uted to critical fluctuation on the time scale corresponding tdaxed via Korringa-type scattering with the conduction elec-
the Larmor frequency of th&Al nucleus. trons. This finding further supports the behavior off §/vs

For the Al2) site in the range 12—-300 K, TI{; is almost T curve for Al(1). In the Korringa limit, the expression for
temperature independent according to B3), as if this site  1/7is given by

Temperature (K)
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1/7=8mkg T(IN(Eg))?/, (100  Knight shift and 1T, were measured in the range
) _ 3.5-300 K for two inequivalent aluminum sites present in
whereJ is thes—f exchange integral. The value 0N(Er) e ynit cell. For compariso?’Al NMR results of partially
determined from the slope of the dotted liig. 10 is  gligned LaNjAl; in the range 80—300 K have also been in-
0.166, suggesting a low carrier density. However, belowg|,ded. In the latter, the Knight shift is temperature indepen-
150 K, 1/r decreases continuously down to 12 K, wheregent and 17T, follows the Korringa relation normal to non-
1/Ty; again shows an increasing trend. This finding indicatesnagnetic intermetallics. Moreover, quadrupolar interaction
the .ppssmmty of the development of Cé—Spln.correIanns parameters for these two compounds are very close to each
at finite g below 150 K. Below 12 K, 1 again shows an qther confirming the isomorphous structure. Geslectronic
increasing trend down to 3.5 K. On the other hand, in the;ontribution to the hyperfine field and T/in CeNpAl5 have
case of the AR) site, 1/r increases continuously in the heen derived after subtracting the relevant contribution ob-
range 60—300 K, which could be a signature of the gradualained for LaNjAls.
enhancement of thef4spin fluctuation due to the Kondo We summarize the results of CeMi; as follows:(1) The
effect resulting in the dominance of the Korringa contribu-knight shift of the two inequivalent Al sites behave identi-
tion to the Al nuclear relaxation process over that due to thq;a"y throughout the range 3.5-300 K. The valuedpfesti-
RKKY interaction. Below this range it decreases sharplymated from shift data agrees well with that of single-crystal
down to 3.5 K, which may be the result of the developmentsysceptibility data(2) The behavior of 1Ty for the two Al
of g-dependent #spin correlations from below 60 K, sjtes are widely different. For the @) site, with one
around the Al2) site. However, the effect of the develop- pearest-neighbor Ce ion, thé dlectron-spin-fluctuation pro-
ment of such correlations are observed in the behavior ofess dominates over the Korringa contribution throughout
1/Tys of the Al(2) nuclear site, from the much lower tem- the temperature range studied. In particular, the €spin
perature of~12 K. o correlation nearest to Al) starts to develop below 150 K.
One must also consider, in rare-earth metals, the effect gfina|ly, near 12 K, the fluctuation frequency of thé gpin
CEF in the 4 moment. In CeNiAl, it is very largé and the  pecomes comparable to thtl NMR frequency resulting in
first excited state is situated 200 K above tht_a ground state Qfe reduction of 1Ty with further lowering of the tempera-
the Kramers' doublets. Therefore, the behavior of,Jexpe-  tyre. (3) For the Al2) site, which sits in between two Ce
rienced by the All) site below 150 K may also be influ- nhear neighbors, the relaxation process is dominated by the
enced by the CEF effect beside tiralependent contribution  Korringa contribution in the range 12—300 K. It could, how-
of the dynamic susceptibility. But we have to rule out thegyer sense the effect of the development of the €spin
CEF effect in the deviation of I/below~60 K experienced correlations, below 12 K, with a small enhancement of
by the Al(2) site as seen in Fig. 10. _ 1/Ty;, from where the same for the @) site starts to re-
Finally, it is to be noted that th& dependence of T, in  qyce.(4) The widely differenf’Al nuclear relaxation mecha-
CeNpAls differs appreciably from that of other Ce-based nisms for two inequivalent Al sites in the unit cell of
compounds:*2*We will take the case of CeNijlin a little  ceNj,Al, is a strange observation. It seems that the effect of
more detail, as the Ce environment is rather similar forspin fluctuation due to the Kondo effect overcomes that due
CeNiAl, (13 Al and 4 Ni; site symmetrymn®) Za”d to the RKKY interaction for the AR) site in the range
CeNpAls (14 Al and 4 Ni; site symmetrymmm.® In  15_300 K. On the other hand, the behavior oT&/for the
CeNiAl,, above 20 K, the Korringa term dominates inTL/  a|(1) site resembles to that of CeAwhich also exhibits an

for all Al sites, together with the temperature'i”dependemantiferromagnetic ordering witfi,=3.9 K (Ref. 21, similar
contribution due to the Cef4spin fluctuation(ws > wg).% In to CeNpAls, which hasTy=2.6 K.

the range 3.8—20 K, however, Tj decreases, indicating
the appearance off4pin compensation. ACKNOWLEDGMENTS
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