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Spin fluctuations in Al;V: An NMR study
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We report the results of a nuclear magnetic reson@N&4R) study of ALV at temperatures between 4 and
300 K. 5V and ?’Al Knight shifts exhibit a Curie-Weiss behavior corresponding to an effective moment
Pesr=0.32up per V, indicating intrinsic weak magnetism localized in vanadium orbitals. Thhexhibits ayT
dependence at higher temperatures, indicative of nearly antiferromagnetic behavior of itinerant electrons. We
have fit the observed behavior within the self-consistent renormalized model for itinerant magnetism, which
provides good agreement with the measurements. At about 80 K, the Knight shifts and spin-lattice relaxation
rates exhibit a crossover from Curie-Weiss magnetism to Korringa behavior. Comparing previously reported
specific heat and transport results with our NMR results, we find that the Wilson ratio and Kadowaki-Woods
relation are close to those observed for highly correlated electron compounds, despite the relatively small
enhancement of and y. [S0163-182009)16835-9

[. INTRODUCTION renormalization(SCR) theory of spin fluctuations around an
antiferromagnetic instability® is found to give good agree-
AlLV is a well-ordered intermetallic trialuminide with a ment with the observations.
DO,, crystal structuré. A previous 2’Al NMR study con-
firmed a low density of states at the Fermi level in this
material® Although the local electronic properties of ;M
appear to be similar to other D®aluminides, a number of The sample studied here was prepared by arc-melting in
interesting features have been observed in this compoundn Ar atmosphere. A portion of the resulting ingot was an-
For example, the reported resistivity measureniesttswed  nealed in vacuum by placing it on a@j; plate at 900 °C for
a T2 dependence below 80 K with the coefficieAt=5.4 12 h. No change in NMR line shapes was detected in
X104 uQ cm/K?. The T? behavior suggests that electron- samples with or without annealing. An x-ray analysis was
electron interactions dominate in this alloy. Moreover, itstaken with CuK « radiation on the powder sample. The spec-
Kadowaki-Woods  relatich [A/y?=1.6<10° xQ cm trum could be indexed according to the expected,pPO
(mole K/mJY for the reported dafd between the coefficient (Al3Ti structure, a tetragonal lattice based on a fcc close-
A of the T? resistivity term and the coefficieny of the  packed structuge The annealed ingot was ground to powder
T-linear specific-heat term, is very close to that observed ifor NMR measurements, and placed in a plastic vial with
systems showing strong many-body effects, such as theranular quartz which showed no observabte and Al
heavy fermion(HF) systems. However, the electronic heat- NMR signals.
capacity coefficient y=5.92 mJ/mole K),2 is well below Al3V contains two Al crystallographic sites, and one V
that of accepted HF materiglsMagnetic-susceptibility(y) site. Our group recently reported a study of &l NMR in
measuremenisrevealed Curie-WeiséCW) behavior corre-  Al3V, along with related aluminide intermetallics, at room
sponding to a small moment, with a Weiss temperaturéemperaturé.The central transitionr= — 3 < + 3) powder
#=—65 K indicating antiferromagnetic spin interactions. line shape was found to reflect the combination of two Al
There was no evidence for magnetic ordering, witin-  crystallographic sites, according to the BGtructure. We
creasing with decreasing temperature down to 0% K. observed a larger anisotropic Knight shift at Al site I, which
To investigate the magnetic and electronic behavior inve also found in other trialuminides. The quadrupole fre-
Al,V, we studied the temperature dependence®®™f and quenciesy,, were determined to be 1.72 and 0.375 MHz for
27AI NMR Knight shifts as well as the spin-lattice relaxation Al site | and site Il, respectively. These values are also con-
rates in this compound. The Knight shift provides a localsistent with the recent results of another stédjne largervg
measurement of the susceptibility, which is less sensitive t@nd anisotropic Knight shift occurring at site | can be related
the presence of impurities and other phases. The spin-lattide the directionality in binding which is believed to lead to
relaxation rate is sensitive to the excitation of quasiparticledrittleness in this alloy.
around the Fermi level. Moreover, the NMR Korringa rela-  For !V, the NMR line shape consists of a single central
tion can yield information about electron-electron interac-transition, along with six edge singularities corresponding to
tions. We show that the results are consistent with spin flucthe first-order quadrupole transitions for Z 5. The cen-
tuation behavior. An analysis using the self-consistentral transition line shape shows no structure because of the
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FIG. 1. T dependence of'V and 2’Al Knight shifts in Al,V.
Dotted curves are fits to the Curie-Weiss law.

single V site in ALV, and the absence of large anisotropic
shifts. The measured, is about 0.39 MHz, determined di-
rectly from the peak edge of 3 — * 3 transitions.
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Here thed-spin shift K4 contains the temperature depen-
dence, whileK, is a temperature-independent orbital term.
Ko can be attributed to the Van Vleck susceptibility af
electrons, which should have little temperature dependence
in this case.

A least-squares fit of the high-temperatitg results to a
CW x(T) expression is shown in Fig(d). The relation be-
tween the Knight shift and spin susceptibility %y
= (2lyeh)H3 x4, WhereH?, is the d-spin core-polarization
hyperfine coupling constant. In our fit we used the rep6rted
CW behavior forx(T), with P.s=0.32ug per vanadium
atom andf=—65 K, and allowedK, andHY; to vary. We
obtainedK ,=0.036%, andH{;= — 83 kG. The latter is quite
consistent with the value<{86 kG) calculated for V metal
using local-spin-density-functional theotyThus the behav-
ior of Ky, shows that a uniform spin polarization at V sites is
responsible for the observed CW behavior.

The highT K,, data can also be fit to a CW law, as
shown by the dotted curve in Fig(ld. This shift(dominated
by Al site 1) originates from a transfer hyperfine interaction
between the Al nucleus and ¥-electrons. In this cask,
=(2/ysh)HixqZ, WhereH} is the transfer hyperfine cou-
pling constant an@ (=8 for the DQ, structure is the num-
ber of the nearest-neighbor V ions “seen” by Al site Il. The
coupling is negative for Al as for V, since a decreas&iis
again seen to correspond to an increase in susceptibility.
From our fit we obtairH;= —2.4 kG, which can be attrib-
uted to an intermixing of Al and V spin states. Since the Al

Previous susceptibility measurements have been reported.qntact hyperfine field is considerably larger thei;

to satisfy a CW expressiony(T)=xo+ xq(T)=—5.7
+1280/(T—6¢) in units 10° emu/mole® x, is a
T-independent term. The negative Weiss temperatur
0=—65 K indicates antiferromagnetic spin interactions. Th
T-dependent susceptibilityy originates fromd-spin mo-
ments, and the Curie constaBt=1280x 10 ° emu K/mole
can yield an effective momeiR.s=0.32 ug per vanadium.

A. Knight shifts

The temperature dependences B¥ and 2’Al Knight
shifts, denoted a¥, and K,,, respectively, are shown in
Fig. 1. Ky, reported here is the isotropic shift, corresponding
to the peak position of the'V central transition. For the case
of 27Al, we report the shift of the peak of the central transi-
tion. ThusK,, has contributions from both Al sites, and
gives a relative measure of the isotropic Knight shifts. Little
change was observed #fAl line shape vs temperature, in-
dicating that the two sites exhibit comparable temperatur
dependent shifts. A detailed analysis of th&l isotropic
and anisotropic shifts was reported earfier.

Separating the components Kf,, we find that at high
temperatures the spin component is proportional to the o
served x(T). The decrease i, with temperature corre-
sponds to an increasing spin susceptibility because of th

negative hyperfine field associated with the core-polarizatioghi
mechanism, which typically dominates and has a negativq?h

sign in transition metals. The componentskaf are

Ku(T) =Ko+ Kqy(T). 1

e

(H;;=1.9 MG),** the present result indicates very little spin
content in Als orbits, relative to the observed spin suscepti-

e%ility. Assuming the same to be true of Al orbitals, and

given the 3:1 ALV atom ratio in this material, a virtual-
bound-state picture(as originally described by Dunlop
et al®) in which vanadium moments are partially compen-
sated for by conduction-band spins residing in the aluminum
matrix, appears unlikely, since a relatively large Al spin-
polarization would be expected. Indeed, ing¥Alas in the
isostructural transition-metal trialuminides, the Al contribu-
tion to states at the Fermi level is relatively I6vgo that a
single-band picture based ahorbits is more appropriate.
While the high-temperature shifts are consistent with the
observed bulk susceptibilifybelow about 80 KKy, andK 4,
become nearly independent Bf whereasy(T) continues to
increase with decreasing temperature. This behavior could
result from an orbital contribution tg(T), giving an effec-
tive change in the hyperfine coupling behavior at low tem-
peratures, as observed in heavy fermion matetfatdéow-
ever, hybridization would be expected to quench the orbital
moment for thigd-electron system. Another possibility is that
the applied magnetic field in this experiment quenches the
critical spin fluctuations. This will be examined in more de-
tail below in Sec. Ill.
N Removing the orbital contribution to the vanadium Knight
ft, by subtractind<,=0.036% as obtained above, we find
at thed-spin contribution toy(T) at low temperatures is
Ky=—0.083%. FromKy=(2/v./i)H% x4, the T-independ-
ent Pauli susceptibility is thus deduced to be>51® > emu/
mole, using the valuéi,= —83 kG, calculated above.
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FIG. 2. T dependence ofV 1/T;’s. Open triangles and open For D, symmetry, which is the V-site symmetry in

circles represent the total relaxation rate anddispin component, Al V. a general expression for the orbital relaxation raté is
separated as described in the text. The dashed lines indicate a Ko- 3"’ 9 P

rringa relaxation mechanism below 80 K. The inset shows a linear
plot of the lowT dspin relaxation rates with (T4T)q (T o =A(HP)2{sir? 6(4ng, Ng, + n)
=0.347 s1K L ’
+[2—sir? 01Ing (3na, +1g, +1g, )}, (2)
B. Spin-lattice relaxation rates

h q q ¢ th in-latti | whereA=2hkgTy2, H2I® is the orbital hyperfine field per
e temperature dependences of the spin-lattice re ax-B' and ¢ is the angle between the applied field and the

ation times T;'s) were measured using the pulse saturatio xis. The four termsie , N, , g, andng  are Fermi-
recovery method in th& range of 4—300 K. We recorded the - 9 19 19 29 .
Ilevel densities of states corresponding to the irreducible rep-

signal strength by integrating the spin-echo fast Fourie ) .
trgnsform. Tﬁe sar)rlwe tec%miqu?a has b:en applied to the senjgSentations of th®,, group, defined so that the total den-

metallic FgVAI system®® 5V T,’s were measured at the Sity of states 'Snf’(EF)znAngr.nBlgjLnBzgjL.ang' Of.these
central transition, while in order to separate the two sites wdOUr representations, contains g‘f{)Od orbitals, while the
found the 27Al T, for each site by centering the resonance®ters contain on?gorbltal each,;” can be estimated by
frequency at then=— 3 —2 quadrupole powder pattern USINGHR’=2pg(r %), where(r %) is the average over the
edge, where the resonance is dominated by one site onifccupiedd orbitals. Using(r 2:_1-77>< 1055 cm™?, calcu-
The 5% (1=7/2) and?’Al (1=5/2) T,'s were extracted by ated for V by Huzinageet al,*’ yields Hp} =330 k_G. For
fitting to the appropriate theoretical multiexponential recov-"d(EF) we use 0.9states/eV V atory from Fig. 6 in Ref.

ery curves for magnetic relaxation of the central transition 18, a recent first-principles electronic structure calculation
and the satellites [which can be compared to the measdrggdwhich gives 2.5

The 53V T, results are shown in Fig. 2. T4 is propor- (states/eV V aton]. While the Fermi-surface orbital mixture
, ! : 9. . 4 IS PIOPO™ i ot known, the small  observed THT)o
tional to T below approximately 80 K, which is the Korringa —0.071 51K ! is consistent with at most a few percent
behavior characteristic of nonmagnetic metals. This result . P

; mixture of doubly degeneratéy, using the parameters de-
maiches the constaity observed in the same temper.aturescribed above. We conclude that the dominant orbital at the
range. Above 80 K, T7; falls below the Korringa relation,

) ) X Fermi level has a degeneracy equal to 1.

and is more closgly proportional tdT, in the same tem.pera- With (1/T;T),,,=0.071 S 1K1, the d-spin relaxation
ture range in whichK,, shpws a Curle_-V_Ve|ss _behawor. In rates can be isolated using TWa=(LT) — (1T 1) orp ., giv-
local-moment systemsT; is characteristically independent ing the results shown in Fig. 2. The figure inset is a linear
of T, as observed in the Heusler alloyesg., InMnGa(Ref.  plot of the lowT relaxation rates with (T,T)4
15)]. 1/T, proportional to |T is the behavior shown by =0.347 1K™, from a least-squares fit to a Korringa be-
Moriya’ to correspond to itinerant-electron antiferromagnetshavior. Above 80 K, (1IT;)4 exhibits the same trend as iden-
above the Ndetemperature. tified above: (IT,)4 departs from a constari; T and be-

As is the case foK,, two terms dominate théV T;:  haves as/T at high temperatures.
(UT,)=(1/T) o+ (1/T1) 4. The first term is the orbital re- For 2’Al 1/T,’s, shown in Fig. 4, both Al sites display
laxation rate, while the second is duedspin interactions. qualitatively the sam&@ dependence as th&V 1/T,, indi-
Orbital relaxation in metals involves the overlap of orbitals cating a related mechanism for the relaxation at both Al and
of different symmetry at the Fermi level, giving generally V sites. This is due to the appearance of moments on Al
(1/T1)orp pProportional tol. To separate these terms, we usedthrough a transfer hyperfine interaction, which also strongly
a two-parameter fit above 150 K, with Th) o, linear inT,  affects K,,, as described above. At low temperatures we
and (1,)4 proportional to\T. The best-fit curve is plotted observed Korringa relaxation behavior for both site | and site
in Fig. 3, and thus we determined TiM),, I, with /T, T=4.7<10 2 and 2. 10 2 s 1K1, respec-
=0.071stK™ 1, tively.
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higher-temperature magnetic behavior in such cases came
6 § from the SCR theory developed by Moriyand otherg! At

o high temperatures the Stoner enhancement is reduced due to
o repulsive mode-mode couplirfigand this can produce a tem-
. ¢ perature dependence identical to the Curie-Weiss behavior of
localized moments. A crossover in measured susceptibility is
due to the progressive reduction of the=0 mode due to
these interactions. This model, valid at least in the weak-
interaction limit?? provides a framework for the treatment of
electron-electron interactions in metals. The SCR model has
. had considerable success, and recently additional interest has
200 300 also been directed toward applications relating to high-
superconductors’

21 T, (sec)

FIG. 4. T dependence of observedAl 1/T,’s. Open squares A. Korringa ratio

and solid diamonds represent thd l.for Al sites | and II, respec- The Korringa ratio calculated from the low-temperatifre
f,'v\;tehly(':o?gtﬁi “I';ei_mf ?jtfofgealsgrgnialéﬁIzax?i'?(n,PelOW 80_ K. and T, can provide a measure of the fluctuation spectrum.
tively o ' s » T8SPEC™ Eor Dy, symmetry, (1T;)4 can be expressed'ds
(Tog'=AHRANZ +n3 +nj +2nZ], (3
lll. DISCUSSION Hd il H A " By T By T

. _ 2 . .
The small-moment Curie-Weiss behavior and the absenc#ith A=2hkgTy; for noninteracting electrons. We demon-
of a magnetic transition observed ing¥l point to spin fluc- ~ Strated above that thg, orbitals must play a minimal role.
tuations in an interacting-band rather than localized mo- With little orbital mixing, the square bracket in E(B) be-

ments. Furthermore, théT behavior in®V T, is character- ©0Mes simplyng(E)?, and (114 thus contains no orbital
istic of antiferromagnetic correlations in a spin-ﬂuctuationm'x'n94fa0t°r_ (corresponding to thef factor for cubic
model, as described above, also indicative of itinerantMetals?). For interacting electrons, EB) is modified a&
electron character. Note that this picture differs from that of
spin fluctuations within as-d model. Indeed, it is tempting

to associate the crossover Ky, with T, the Kondo spin- (1— ay)? ’
fluctuation temperature, since the behaviolkoand T, ap- 4 Fs
pears qualitatively much like the behavior of correspondingyhere T, expresses the noninteracting case, amgl
Kondo and heavy fe”T“O” systertisSHowever, as pointed . =a0X0(q)O/XO(O) is theg-dependent susceptibility enhance-
out above, the Al matrix does not possess sufficient dens'%ent, Withay=1— xo(0)/x(0) representing thg=0 value.

of free electrons to support the formation of virtual bound
- . The symbol( )z means the average overspace on the
states within such a model. While separate V-batédnds )I/:ermi surface. The Korringa ratio is

could produce this behavior if one of the bands is essentiall
localized, here we analyze the situation within a single-band 2 _ -1
L ) . K°T,T/S=[K ,
model, showing good agreement with the observations. 1T/S=[K(a)] ®
Moriya’ gives a momentum-space view of the fluctuationyith S=#l4mkg(ye! vy)?, and where
of localized and itinerant moments. In this picture, moments

[(Tl)dT]_l:[(Tlo)dT]_l< (4

localized in space have a fluctuation spectrum almost inde- (1— ay)?
pendent ofg. Hence theg-dependent susceptibility,, is K(a)= — ] . (6)
nearly constant, and the average amplitude of the local spin (1= s

fluctuation,(S?), is fixed atS(S+ 1). This situation leads to
a T-independenfT; for local-moment systems. In contrast,  Using the lowT values (1T;T)4=0.347 s*K™*, and
itinerant-electron magnets are viewed as having an instabilitiq= —0.083%, we obtairkK(«)=1.9 in ALV (a Korringa
in the spin spectrum which is nearly localized gn This  ratio of 0.5. For comparisoni(«) was found to be 0.032 in
instability occurs afg=0 for cases of ferromagnetic order, TiBe,, 2% and 0.42 in CoTi(Ref. 26; small values oK (a)
while for antiferromagnetic(or nearly antiferromagnetic can be viewed as indicating a narrow peak of enhangcgd
metals,y, peaks at a wave vect@+0. The latter situation localized atq=0. K(«)>1, as observed in AY, can be
is driven by band-structure features such as nesting whicproduced by an enhanced susceptibility which peaks away
give peaks in the-dependent susceptibility. An example of from q=0, so that the denominator in E) outweighs the
the nearly ferromagnetic case is TiBéts Knight shift ex- numerator. This would indicate a tendency toward antiferro-
hibits Curie-Weiss behavior at high temperatures, but satumagnetic orderingat q#0). While the caseK(a)>1 is
rates at low temperatures with no magnetic ofdaimilarto  uncommon(usually the Knight shift is more strongly ex-
the results observed in Af. change enhanced thanTl), similar behavior has been ob-
The saturated low-temperature susceptibility in TiBan  served in the recently proposetielectron heavy fermion
be understood as a temperature-independent enhanced Paylstem Li,O, for which K(a)=1.42" In that case, the
susceptibility. Significant progress in understanding theanomalies in’Li NMR were analyzed in terms of spin fluc-
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tuations near a magnetic instability within the SCR theory 80
(although in a nearly-ferromagnetic mop#l
60
B. SCR model parameters

In the SCR model, a set of parameteygy(y,, Tg, and "o 40-
T,) have been introduced as a relative measure of the mag- - -
netic instability inq spacé”?® These parameters, based on a S 20.
spherical Brillouin-zone approximation, provide a means to
assess quantitatively the spin-fluctuation behavigrandT 5
give (in temperature unijsthe width of the susceptibility 00 100 >80 300
peak, in energy and iq space, respectively, whilg, andy; Temperature (K)
are dimensionless parameters measuring the nearness to a
magnetic transitionTy, T, andyg can be related to th€ FIG. 5. Temperature dependence®$¥ (1/T,)4 (circles, com-

=0 behavior only, whilgy, relates to the temperature depen- pared with the SCR model for spin fluctuations near an antiferro-
dence. Recently, number of different materials has been an&agnetic instability. The lower curve is calculated using the SCR

lyzed this way?2?83° parameters described in the text. The solid line is the corresponding
The parameteT , can be determined from the static uni- Korringa behavior[(1/T;T)4=0.347 s *K™*], while the dotted
form susceptibilit)‘? curve is ayT dependence from the high-temperature fit.
_ (gus)? @ 3kg
X 2keTA(LHY) g’ Y=~ g7, "o)- (11

where y=(g,uB)2/2kBTAaQXQ is (for the nearly antiferro-
magnetic casethe reduced inverse staggered susceptibility. . _ 3 4d _
Q refers to the instability wave vector, anagy=1 if there is Eq/2 (1_1;’ 1f§|3ngk:|/z /g'gzar:;m:ﬁf Kl’ow:;rfn erg?ur gli;/
significant exchange enhancement. The zero-temperatu?’elﬁ/_rﬂ_ _'0347 *1K*i This vields T _7528 K and
value fory is defined ag/,. Sincey,<1 for enhanced ma- (_0 (1)02)0'75 oS - TIIS YIelds To= andyo
terials, this term can be neglected in Ed@). We use the =~ = :

o ienpeai cors 5  nesse o e o s, 1% BISNCT, rspron of hgo octerge
ceptibility, with Kq=H¢ x/ug. This gave y=5.6x10"5 ; Y peax. Y

/mol d ived ab d th he val tem with infinite enhancement, unstable to magnetic order,
iqg:;g%i as b e_scrtlj ed above, and thus the valye would havey,=0. A small positive value of/,, as found
o A measulrsec:);/tag]:d'i' is obtained from tha .. aenerall here, implies a near instability, and the value we report im-
. 5 0 0 19 y plies that the enhancement is approximately aDits peak.
given by The additional parametey; determines the temperature
dependence of, and thereforey, in the SCR model. For an
(8)  antiferromagnetic instability this s

We substituteT ,=~13300 K in Eqg.(10), and combine with

1Ayt s [Hal” Imx” " (g, o)
T: No 7 '

Wo
whereH, is the q Fourier-component of the hyperfine cou- _ E J'l _i_
pling coglstant, andv, is the NMR frequency. In the SCR y=Yo¥ 2)1 0 doc| Inu 2u |, 12
model the dynamical susceptibility for antiferromagnets is
given a& with u=Ty(y+x?)/T, and wheray(u) is the digamma func-
tion. The temperature dependencelgffollows by replacing
7Ty (gue)? yo With y in Eq. (10). From numerical integration of EG12)
x(Q+0,0)= aQTA 27 To(y+30) —iw’ ©  Wwe find thaty,=1.4 gives very good agreement with the

measured (17,)4, as shown in Fig. 5. Also shown in Fig. 5
where x=q/qg, with g representing the relative displace- are curves corresponding to the low-temperature Korringa
ment from the instability wave vectdd, and withqgg the  behavior with (1T,T)4=0.347 s K%, and the\T depen-
Brillouin-zone wave vectofin a spherically symmetric ap- dence that characterizes the high-temperature portion of the
proximation). Inserting Eq.(9) into Eq. (8), and neglecting data. The|T curve uses the parameter extracted from the
the g dependence dfi, integration yields the lowF relax-  |east-squares fit described above, from the determination of
ation raté (1/T1) o - Thus we see that (If)4 goes smoothly from a
Korringa to a\/T behavior, following the detailed theory of
S (10) Eq. (12) quite well.

T1 8kgTaToVYo The SCR parameters determined here are typical of those
found for d-electron metals close to an instabilftyor in-

To determine the unknown parametsfs and T, con-  stance,y;=0.5 was found for the antiferromagnet,®;,
tained in Eq.(10), we can further use the specific heat, re-with To=390 K andT,=4800 K, while for the weak ferro-
ported in Ref. 3. Thd-linear coefficient of the specific heat magnet NjAl, T;=3600 K andT,=31000 K. Heavy fer-
(per atom due to spin fluctuations at low temperaturds ( mion f-electron materials have also been treated within the
<T,) is given a&’ SCR model, with significantly smaller values @ and

1 3hya(Hp)®T
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Ta, 330 reflecting the smaller temperature scale and moraot be as large, as described ab¢trés was responsible for
enhanced susceptibility in those materials. the small Korringa ratip Thus the Wilson ratio can be un-
Thus the SCR model provides a consistent explanation aflerstood in terms of-dependent spin fluctuations.
the ALV NMR and specific heat: electron-electron interac- Another measure of this behavior is the Kadawaki-Woods
tions lead to a large enhancementyip, and a smaller en- relation? which relatesA (the coefficient of tha? resistivity
hancement ofy (the values quoted aboV¥ indicate ay  term) to y. The resistivity of ALV was found to follow &T?
enhancement of 2.8, comparable to what is found in paralaw quite accurately,indicative of electron-electron interac-
magnon systems That the x, enhancement occurs at an tions. Taking values from Ref. 3, one finds forsXIthat
antiferromagnetic wave vector was deduced from\ffiede- ~ A/y?=1.6x10° xQ cm(mole K/mJ§. Like Ry, this ratio
pendence of (T7;)4, and from the magnitude of the low- is often used as a measure of exotic behavidf,and the
temperature Korringa ratio. However, the Curie-Weiss bevalue found here is also very close to the value originally
havior of y in the SCR model requires the enhancement tgdentified as characteristic of heavy fermion materiald. 3
encompasg]=0 (since theq=0 term corresponds to the transition metals such as Pd exhiBity? an order of mag-
static susceptibility’ One possibility is thay, is more com- nitude smaller than the heavy fermion value, but a number of
plicated than given by this simple model, with peaks both aintermetallics such as the A15 materfalaave showrA/y?
q=0 and at an antiferromagnetic wave vector, which couldfalling on the universal curve. It has been suggeSteiat
result from the details of the band structureqA O compo-  this indicates similar many-body effects operating in these
nent to the fluctuation spectrum will also lead to suppressio®d intermetallics and in the heavy fermion materials. It is
of theq=0 part of the fluctuation spectrum by the magneticinteresting that in A)V we have an intermetallic with a small
field. Indeed, magnetic fields are known to affect weaklyenhancement of and y, whose ratio still falls on the same
ferromagnetic materidlS? (though not antiferromagnejic ~ curve. In fact, of the many materials found to fall on this
This can also explain the departure Kf, from the bulk  curve;****Al;V has the smallest values Afandy of which
susceptibility. In this case, the NMR parameters will some-we are aware.
what underestimate the susceptibility enhancement, yand
should be smallefthough still nonzerp However, a multi- IV. CONCLUSIONS
peaked structure foy, would then be required to explain the ) ) . .
NMR Korringa ratio. A similar situation may be responsible ~ In conclusion, we have studied the magnetic behavior of

for the Korringa ratio in Li\,O,.2"28 Al3V using NMR as a probe. We identified the weak Curie-
Weiss behavior as due to spin magnetism based in vanadium
C. Other comparisons d orbitals. Analysis showed the behavior to be consistent

with spin fluctuations related to incipient antiferromagnetic

For Compal’ison with other Weakly magnetic materia|S, itorder, and the SCR model provided good agreement with

is instructive to examine the Wilson ratioRyw  both the NMR results and previously reported specific-heat
= (mkg)2x/3u5y. Using the low-temperature spin suscepti- data. We propose a complex wave-vector dependengg of

bility deduced fromKy,, x=5.6x10"> emu/mole as given in order to account for the low-temperature NMR and sus-
above, andy=5.92 mJ/mole R® Ry,=0.7 is obtained(Us-  ceptibility results. In addition, we have shown that the Wil-
ing the T=0 bulk x value givesRy=1.4) We have not son ratio andA/y? are in the range of strongly interacting

corrected for electron-phonon coupling, buts likely small  electron systems, even though the enhancementisfrela-
in this nonsuperconducting material, so that the correction téively small.

v should not be large. Spin-fluctuation enhancement is stron-
ger for y than forvy in ordinary metals, giving a value &,
considerably larger than R=1 is typically observed in
heavy fermion materials, and this value is often taken as an We are grateful to D. G. Naugle and K. D. D. Rathnayaka
indication of exotic behaviot>** For fluctuations which for help with sample preparation. This work was supported
peak atQ# 0, however, the susceptibility enhancement will by Texas A&M University.
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