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Spin fluctuation nearby magnetically unstable point in Li;_,Zn,V,0,4
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Nuclear magnetic resonand®&IMR) for “Li nuclei was performed in vanadium spinel;LiZnV,0,
(0=x=0.4) from 4.2 to 300 K. The relaxation rate T4} and the linewidth for a paramagnetic metal L,
take the maximum at 50 and 20 K, respectively, whereas those#@r samples show monotonous increase
with decreasing temperature toward a spin glass order which appears at about 15 K. These qualitative differ-
ences with respect to Zn concentration were investigated in relation to a metal nearby the ferromagnetically
unstable point[S0163-182@09)05109-7

[. INTRODUCTION the susceptibility shows Curie-Weiss-like behavior, although
the system shows metal-like conductivity.The effective
Vanadium spinel Li_,Zn,V,0, has been one of the at- momentp.; is 1.5 and the Weiss constant is abetB0 K, if
tractive materials for the study of metal insulator transitionthe localized model is applied. The interpretation for the
(MIT) since the end materials Zp®, and LiV,0, are be- Curie-Weiss-like behavior depends on the models.
lieved to be an insulator with antiferromagnetic order at low A model analogous td-electron heavy fermion com-
temperature £40 K) and a paramagnetic metal with no pounds has been presenfefihe Curie-Weiss-like behavior,
magnetic orders, respectively, and the substitution of Zn fothe largey(0), and theanomalous behavior of T{ have
Li does not accompany any crystal phase transitions excefteen investigated in relation to the Kondo efféti. The
for x>0.917®Single crystals of Li\O, were synthesized by anomalous behavior of T{ has been interpreted by consid-
Rogeret al.in 1964 using a hydrothermal technique and theyering two mechanisms; one is the relaxation mechanism due
reported metal-like conductivity.Ever since, this material to the conduction electrons and the other is the relaxation
has been regarded as a metal. The order of the resistivity thegechanism due to the localizeelectrons which fluctuate
measured is about 16—10 ®pm, whereas that for the pow- by the spin-spin exchange interaction and elastic scattering
der samplésis one order larger than the single crystals. Re-with conduction electront: The application of the Kondo
cently, the metal-like conductivity has been reproduced bynodel to this system requires the existence of two kinds of
using single crystals which were synthesized by a hydrotherelectrons with localized and conductive characters intjhe
mal techniqué. It has been reported from the Seebeckstate. The double exchange mechanism has also been applied
coefficient® and far infrared absorptidithat the MIT occurs  to this systeri® and the model also implicitly requires two
in this system without any crystal transitionsxat 0.4—0.5.  types ofd electrons with localized and conductive characters.
The value is deeply related with magnetic properties since Another model is a treatment as a metal in a paramagnetic
the susceptibility at fixed temperatures above 100 K takes atate nearby the ferromagnetically unstable pHirithe ex-
maximum atx~ 0.4. As for theT dependence of the suscep- istence of the localized electron in the real space is not
tibility, no qualitative change occurs at-0.4. The tempera- necessary in this model. Although the ferromagnetic order is
ture (T) dependence of the susceptibility for &2<0.9  not realized, the system has been treated as a metal nearby
shows the upturn toward a spin glass order which appears éte unstable point because the experimental results exhibit
low temperatures below 15 K. similarities to well known ferromagnetic metals; the suscep-
Although Li;_,ZnV,0, is very interesting from the tibility obeys the Curie-Weiss-like behavior andT/is al-
viewpoint of the MIT, one of the end materials, Li®, has  most constant at high temperatures. In ferromagnetic metals
been recently recognized as an anomalous material from tHe Curie-Weiss behavior originates from fhiénear depen-
specific heatC(T) (Ref. § and nuclear spin-lattice relax- dence of the mean-square local amplitude of spin fluctuation
ation rate 1T, of 'Li.®"** A large value of the specific heat =3q(S;)/N=3 kgTZqx4/N. The values of the effective
coefficient 0) (=[C(T)/T]|t=o~420 mJ/mol¥) and Bohr magnetong.; in weakly ferromagnetic metals such as
nonlinearT dependence oE/T have been reported from the MnSi,** Zrzn,,'® and Sgln (Ref. 16 or a nearly ferromag-
specific heat measurement. The valuey¢®) is the largest net TiBe (Ref. 17 are 2.1, 1.4, 0.7, and 1.88, respectively.
in d-electron systems and is comparable with those of;UPtThe order of the susceptibility and the value pfsx in
and CeCuSi,.'? Then, this material is regarded as aLiV,0, are rather close to weakly ferromagnetic metals such
d-electron heavy fermion system. The anomalous behavioas MnSi, ZrZp, and Sgln or a nearly ferromagnetic metal
of 1/T, for ’Li has been nearly simultaneously reported by TiBe,. From the viewpoint of this model, the Curie-Weiss
several groups and almost the same results have been dbehavior for LiV,O, originates from the local amplitude of
tained. 11, shows almosf linear dependence at low tem- the spin fluctuatior§, with a dominant contribution from the
peratures below 50 K and takes a maximum at 50 K and theaniform modeg= 0, and the origin which brings the anomaly
approaches to a finite value at about 706°K! Furthermore, to y(0) and 1T, is the critical location nearby the ordered
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FIG. 1. Phase diagram of Li,Zn,V,0, extracted from Ref. 4.
The solid line is a guide for the eyes.
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state(the spin glass order in the present gaisethe phase
diagram. It should be noted that the System is not an antifer- FIG. 2. The susceptibility measured at fixed temperatures above
romagnetic metal since T{ should be proportional tqT at 100 K.
high temperatures and tAedependence of the susceptibility _ . . .
should be very weak although the staggered susceptibilit =0.9. The spin glass phase appears in a wide range of
shows the Curie-Weiss-like behavior in this c&Se. (0.2=x<0.9) at low temperatures below 15 K. The tran-

In the previous pap&twe analyzed T, of pure LiV,0, sition temp_eratur@g gradually_mcreaees with increasing Zn
from the viewpoint of a metal nearby the ferromagneticallyconcentration for the metal-like region<(x<0.4 and ap-
unstable point on the basis of the self-consistent renormalroaches to a constanT{~15 K) for the nonmetallic re-
ization (SCR theory presented by Ishigaki and Morita. 9ion x=0.4. The transition temperature Increases Tas
The T dependence of T/ in a wide range from 4 up to 700 =20yx—0.09. Although the spin glass transition has not
K has been analyzed on the basis of the theory and the valu®§en observed fox=07.1_ at temperatures above 4.2 K, the
of two parameterg, andT,, which are parameters required susceptlblllty, T, _and Li-NMR linewidth increase _remark-
in the SCR theory, have been estimated as16 5 and 800  @bly with decreasing temperature. The transition is expected
K, respectively.(The meanings of them are mentioned in t0 occur even fox=0.1 at a low temperature below 4.2 K.
Sec. 1ll) Two parameters are related to the specific heat

coefficienty(0) per mole @ A. Susceptibility

The susceptibility data at fixed temperatures are shown in
Fig. 2. The maximum appears at-0.4 above 100 K. The
susceptibility data for &x<0.4 under zero field cool con-
dition are shown in Fig. 3. These data were extracted from

0)= 3NkBI !
Y(0)= = Znys. @

The value was obtained as 150 mJ/malty applying the
above-mentioned values for, and Ty. The value is the
same order with the experimental results.

In the present work we have performed NMR measure- :
ments on Lj_,Zn,V,0, in the lightly doped region &x 15 %,
=<0.4, where the system is believed to be metal-like. We also -
investigated whether the system is explained systematically
in the viewpoint of a metal nearby the ferromagnetically un-
stable point.

-3
20x10 T T T T T
g Li, Zn V,0,
O x=

% ( emu/mol )

II. EXPERIMENTAL RESULTS

0 50 100

: . : N 150 200 250 300
The phase diagram of Li,zZn,V,0, is shown in Fig. 1.

The data were extracted from Ref. 4. The lattice parameter
changes from 0.825 to 0.840 nm at room temperature as Zn
concentration increases fror=0 to x=1.0. The structural FIG. 3. Temperature dependence of the susceptibility measured
transition from the cubic phase to tetragonal phase is seen fainder zero field cool condition.

T (K)
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Ref. 4. The value of the susceptibility is almost the same for (K)

x=0.2 and 0.4 samples, although the valueer0.4 is a FIG. 5. Temperature dependence of the linewidth of the
little bit larger than that forx=0.2 at high temperatures 7Lj-NMR signal.

above 100 K. The cusp below 15 K corresponds to the spin-

glass transition. The susceptibility is decomposed as ) ) ) )
done. The hyperfine coupling constant is obtained g§ A

X= XoroT Xd7 Xdia» (2 Zf;\89-0EO_elu3 ft:om thhe slopeﬁg;sthe(-xl plot. Thhe values
. . of Ay Obtained by other grou are almost the same as
where the first, second, and third term are the Van Vled?hose of the present work. Similar valuesaf, and x4 are

orbital susceptibility,d-electron spin susceptibility, and the expected for Zn substituted samples since a drastic change

diamagnetic susceptibility, respectively. The decompositio . - . )
is possible by using the results 8V-NMR. The decompo- Tuarse,sngtsbseheor\l,vgbirs]e;\i/gedsln the susceptibility at high tempera

sition has been done only for pure Li®, since the
SIV-NMR signal has been observed only for pure Ly,
above 150 K. The value ofyy, is estimated as—5.66
X 10~° emu/mol from the table of the diamagnetic suscepti-
bility of Li *,Vv®*,0?~ by Selwood?>??> The orbital shift 1. Knight shift and linewidth

Ko is related with the orbital susceptibility,, as The NMR measurement was curried out under zero field
cool condition at the frequency 18.81 MHz. The temperature
Kor= (Aor/Nig) Xom= (248 /Npg(r*)) Xom:  (3) dependence of the linewidth is shown in Fig. 5. The line-
where A, and<r3> are the orbital hyperfine coupling con- width of pure LiV,0;, is below 20 G and takes a maximum at
stant and the expectation value rdffor the 3d wave func- about 20 K, while that of the Zn substituted samples shows a
tion, respectivelyN is the number of V ions per mole and is monotonous increase with decreasing temperature toward the
equal to N, (N, is the Avogadro numbgrThe above re- transition temperature. The values of the linewidth become
lation becomesK ,,=41.6y,, (emu/mol), if the value of large with the increase in Zn concentration at fix tempera-
the Hartree-Eock calculation for thed wave function is  tures. Thel dependence of the linewidth corresponds to that
used for <r73>(:3_68 a_u_)_ The hyperﬁne Coup"ng of of the Susceptlblllty in that these quantities exhibit an

Sy, A is related with the spin part of the shiftkandy, ~ @nomaly at 20 K for pure LiYO,, whereas those for the Zn
as substituted samples increase with decreasing temperature to-

ward the transition temperature. The linewidth for the pure
Ka=(Anrv/Nug) xq- 4 sample has been analyzed as the sum of two contributions;
one is the intrinsic linewidtAw which is determined by the
spin echo decay Th. The nuclear’Li-‘Li and ’Li-°V di-

B. NMR measurements

We have obtained yop=2.16<10 % emu/mol,Aq

:464|'8t KOG#B’ a.ndlf."sz O_l'_?]O%' retspetctivlely, Lr.orrr: .the polar interactions which yield nd and H dependence are
“x plotas shown in =g. 4. The constant valgewnIch IS - in¢1 1 qded inAw. The other is macroscopic field inhomoge-

obtained from the decomposition of the susceptibilify ( neities due to the demagnetization effects of powder samples
=X, Xcurie: Wherexcuyrie Is the Curie-Weiss teritbecomes  \hich is proportional to the susceptibilit§?°> The linewidth
2.3x10"* (emu/mol) and is almost the sameyag,. There AW is represented by using Gaussian approximation
remains a discrepancy of about7x107° (emu/mol) in

XorbT Xdia— X0, however, this value depends on the fitting

range of T where the decomposition 0X=Xo+)(<:une is AW=JAwZ+ a(XH)z. (5)
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The values ofAw and « are evaluated as 4.6 Oe and
300
0.118 (emu/moly?, respectively, for pure LiyO, at the 0 100 200
field 11.35 KOe. This relation fits the experimental results T (K)

well down to 30 K. The linewidth for the Zn doped samples, - .

however, deviates from Ed5) at low temperatures below FIG. 7. Temperature dependenc_e of dfor I__|. Solid curves
100 K if Aw is assumed to be a constant as is seen easil hich go down to zero and go up Wlth decreasing temperatures are
from Figs. 3 and 5. The larger broadening of the linewidth at_alulated from Eqs6)—(9) by applyingyo=0.00006 and 0, respec-
lower temperatures is mainly attributed to a critical slowingt'vely'

down toward the spin 79|f"‘55 phase. magnitude for pure LiYO, since “Li nuclei locate on the
The Knight shift for ‘Li shows almost the same tempera- center of tetrahedra of oxygen and are free from a electric
ture dependence with the results of the susceptibility as iguadrupole effect. The data for pure 1LV, are extracted
seen from theK-x plot in Fig. 6. The shift originates from from the previous work® The recovery curves for the zZn
transferred hyperfine interaction and is related to thesubstituted samples also fit a single exponential function for
temperature-dependent part of the susceptibijity as K nearly two orders of magnitude, however, deviate from the
«AyxqZi Where A, is the transferred hyperfine coupling single exponential function at much lower temperatures near
constant and,;(=12) is the number of the nearest neighborthe order point because of the remarkable increase of the
V ions at a Li ion site. The value &%, for pure LiV,0, has linewidth. We have plotted the data whose recovery curves
been obtained as 0.18 KQej. The effective coupling con- almost fit the single exponential function. All ofTly for the
stant Ap; per a ’Li nucleus is given asAZ=z,;A2+A2 Zn substituted samples diverge toward the transition tem-

where Ay, represents dipolar coupling. Although dflgr peratures.
dip ' f It should be noted that the susceptibility, the shift, and

pure LiV,0, is estimated by calculatindg,, Ay is obtained T
. . . 51 . are deeply related to one another for theand Zn-
S;gi;{ir:;niltgsf:%rpvtgg :grr?c?vsré?%ri]lavgltt&ég:atu\r/é ;:Jr(relpe)en- concentration dependences in the point that these quantities
. . i for pure LiV,0O, remain finite values even at low tempera-
dence with those ofLi at high temperatures. The7vglues of tures, whereas those for the Zn substituted samples increase
%{T 1 at 280 K are 19 sec and 24 msec" for ‘Li and  monotonously with decreasing temperature toward the tran-
°V, respectively. The effective coupling constant 8fi  sjtion temperature. The susceptibility and the shift are essen-
is estimated as 1.71 KOgg from the relation tja|ly determined by they=0 component in the-dependent
(UT1) i 1(LT )y = YiLAR YivAky, where the contribution  susceptibilityy(q). On the other hand, Tf is, in general,
from the orbital is expected to be small and is neglected inletermined by all modes including= 7. The experimental
(1/T4)y . A similar estimation ofA; for x#0 could be pos- fact that 1T, shows a similaf dependence with the suscep-
sible if the ®®V-NMR signal was observed. Unfortunately, tibility and the shift implies that spin fluctuation witly=0
the 51V signal forx+0 has not been observed. Howewly;  plays a significantly important role in the present system.
for x#0 is expected to be almost the same as that of purdhis fact gives one of the grounds that the system is treated
LiV ,0, sinceA,, is almost the same as shown in Fig. 6 andin a way similar to a ferromagnetic metal near the unstable
the calculated values d&g;, is almost the same as the pure point as well as the anomalous behavior of 1in pure
one. LiV,0, at low temperatures. The qualitative and quantitative
change of IF,; for Zn substitution will be discussed in the
2. Relaxation ratel/T of "Li following sections.

The relaxation time was measured by using a usual
pulsed-NMR spectrometer. The results off Lfor the Zn
substituted samples are shown in Fig. 7. The recovery curve Here we briefly mention the SCR theory nearby the fer-
fits a single exponential function for nearly two orders of romagnetically unstable point presented by Ishigaki and

Ill. ANALYSIS
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Moriya'® since we mentioned the formula in the previous 500 . , . , . ,
work,° and then we compare with the experimental results
for the Zn substituted samples in the present work, i

proportinal toX Im x(q,wy)/ @y and is given by using their 400 -
notation a&’ ¥, = -0.0003
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respectively. The parameteyré=1/2Tox), To, andT char- T (K)

apte_rlze_the Inverse Su.sceptlblllty., t_he energy width, and the FIG. 8. The fitting of 1T, on the basis of the SCR theory nearby
distribution of the static susceptibility iq space, respec- L .

. . . . ferromagnetically unstable point.

tively. The inverse of the first term in E¢7) corresponds to
Pauli paramagnetism with Stoner enhancenise¢ Eq(15)

in the following sectioh The value of y characterizes a
measure of distance from the phase boundary. The seco
term represents the mode-mode coupling of spin fluctuatio
The functiony(u) in Eq. (7) represents digamma function.
Equation(7) is the integral equation with respectdpsince .
x is equal tog/(67/vo)Y® wherev, represents the volume. A. LIV ;0,4 (x=0)

The Curie-Weiss-like behavior originates from this term  The experimental data were compared with the curves for
since this term gives rise t®-linear dependence in a wide y =0 and 6x10°° in the previous work'see Fig. 4 in Ref.
temperature range with the scale@f. The relaxation rate  10) by assuming/,=0.1. The same curves are shown in Fig.

whether the theory is applicable to the region nearby the
IT point. In the following we show the fitting process or
r‘barameters fok=0, x=0.1, andx=0.2 samples.

for “Li is expressed as 7. The curve fory,=6x10"° goes down to zero with de-
2 creasing temperature, whereas thatyg=0 diverges with
i:7_93>< 102A_WL (sec’?) 9) decreasing temperature. The same fitting curves for pure
T, Ta y(1) ' LiV ,0O, are also shown in Fig. 8. The value ©§ was cho-

where yy=16.55 MHz/KOe is used and the unit @, is sen as 800 K. We have estimated the valu@ pby assum-

. S . . ingy;=0.1 and using the calculated value #; in a pre-
tempe_ra_lture. The uniform susceptibility with the experimen vious work. The value o , is estimated as 5000 K by using
tal unit is expressed as

Ahf: 1.71 KOe[u,B :

N(gus)’
X T (D) 1o
B. Li;_,Zn,V,0, (x=0.1 and 0.3
1.49 The relative values off; and T, compared with pure
Ty (emu/mo) (1D |jv,0, are estimated by considering the Zn concentration
dependence of the susceptibility. We dendteand T, for
and is related to T/; as the Zn substituted samples aFy(X)=To/a, Ta(X)
=T,/B, respectively, wher&, and T, are the values for
i =5.32% 102Aﬁf T_X (12) pure LiV,0,. Then, the relaxation rate and the susceptibility
T To for the Zn substituted samples, T4(x) and x(x), respec-

The effect ofy, on 1/T; appears mainly at low temperatures tively, are expressed as

and does not affect at high temperatures. The qualitative be- 2 o )
havior of 1T, depends on the sign of. The positive val- 1 )=B3ﬁ AT T and x(x)=p N(gug)

ues ofy, correspond to the paramagnetic state, whereas the T, A7 TaY(7) X 2kgTay(7)’
negative values of, correspond to the state with the ordered (13
phase. 17, diverges toward the transition temperature for
Yo<<0, whereas 1/, decreases toward zero with decreasing
temperature foy,>0. At phase boundary,=0, 1/T, di-
verges asl ~ 3. The fitting curves together with the experi-
mental data are shown in Figs. 7 and 8. The fitting is possible 1 1 _
even for x=0.4, however, there remains a question of T.X)Tx(x)/ T.(0)Tx(0)

wherer=aT/T,, and they are related with those of the pure
one as

a, (14
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where the hyperfine coupling constants for the Zn substitutedcreening of the Coulomb potential causes low density of
samples are assumed to be the same as that for the pure states at the Fermi energy in the present system. The reason
and the contribution of the orbital and diamagnetism is newhy the Zn substituted samples correspond to the negative
glected in the susceptibility. According to the SCR theory,sign ofy, could be attributed to the fact that the interaction
1/T, should be constant at high temperatures. The experi in Eq. (15 becomes larger with increasing Zn concentra-
mental results of T, Ty go up with decreasing temperature tion. The interaction is likely to increase with increasing Zn
at low temperatures, sinceTl/ increases remarkably with concentration since Zm¥D, is a Mott-type insulator. Any-
decreasing temperature nearby the transition temperatureay, the SCR theory is expected to be fundamental to the
However, 1T, Ty is likely to approach to constant values at understanding of anomalous features in LZn,V,0, (0
high temperatures, then the relation in Etd) is applicable =<x=<0.4).
for high temperatures above 200 K. The valuesaofire Although the overall features of this system are qualita-
obtained from the data above 200 K as 1.1 and 1.7xfor tively interpreted from the viewpoint of the SCR theory,
=0.1 and 0.2, respectively. The values @fare estimated there remains some quantitative discrepancies between the
together withy, from the fitting of 1T, as 1.4 and 2.55, susceptibility and II; in pure LiV,0,4. The value ofT,
whereasy, is chosen as-0.0001 and—0.0003, forx=0.1  obtained from the susceptibility should be the same as that
and 0.2, respectively. The fitting curve for the 0.2 sample obtained fromT, if the present system was a perfect ferro-
is shown in Fig. 8. The fact that the value®fncreases with magnetic metal. The value estimated from E®) is 65 000
increasing Zn concentration implies that the characteristiK. This is one order larger than that obtained frorifi,1/As
energy scale of the dynamical susceptibility becomes smallgs seen from Eqs6) and(10), the ambiguity ofAy; may be
as Zn concentration increases or the system locates close ame of the causes for the discrepancy. However, the discrep-
the MIT point. The trend seems rather reasonable since thancy encountered here is not completely explained by this
energy range of the dynamical susceptibility for an insulatorsince A, should be taken to be about four times larger than
phase is in general determined by the exchange coupling arite present estimatioA;=1.71 KOejug. The deviation
is restricted in a smaller region compared to a metal. may originate fromg(#0) dependence of(q), since 1T
is affected by allg in x(q), whereas onlyg=0 contributes
to the uniform susceptibility. The susceptibilify(q) may
extend to a much wider region ig space compared with
usual ferromagnetic metals. However, the orderd pfand
T, are rather close to those of ferromagnetic metals. In fact
e values ofT, have been obtained as 320, 565, 3600 K
whereas those of 5 are 12000, 12000, and 31000 K for
typical weak ferromagnets ZrinSgln, and NgAl,
espectively’’ Another difficulty which we have encoun-
ered is that the susceptibility calculated by using the param-
tery, obtained from the 7, fitting becomes larger than the
experimental results at low temperatures below 100 K. This
is due to the fact thay, should be taken as a larger value
than that used for T}, fitting. In the case wherg, is treated
as a constant| in Eq. (15) is regarded as a short range
interaction of 5-function type in the real space originating
from the screening effect of the Coulomb interaction. The
effects of g dependence or imperfect screening in the ex-
change interaction and Coulomb interaction, or the effect of
where xo(0) represents the uniform par€ 0) of the sus- arandom potential due to Zn substitution could be important
ceptibility xo(q) which is determined by the band structure to explain the difficulty. These factors are also related to the
and is obtained from random phase approximatiBRA), first discrepancy since these factors would affect the band
wheread represents the interaction between electrons whiclstructure, the density of states at Fermi energy, gs().
includes Coulomb interactiobd and exchange interactich  Further theoretical investigation is needed for the precise un-
The typical value of the former is usually about 2—3 eV andderstanding of this system.
the latter is 0.5—1 eV in thd-electron systems. The uniform We have suggested the importancegef0 component in
susceptibility xo(0) is determined by the density of states y(q) to understand the nature of this system for the metal-
[=2¢(eg)]. The factor - « corresponds to the Stoner en- like region. Theq=0 component is also important for the
hancement factor. The ferromagnetic order appears under thegion 0.4<x<1, since theT and Zn concentration depen-
condition 1—- «<<0. In the present system both cases with thedences of I, also correspond to those of the susceptibility.
positive and negative signs gf are realized by changing Zn The value of the susceptibility increases with decreasing

IV. DISCUSSION

We have analyzed the experimental results from the view
point of the SCR theory. The main features in the prese
system are summarized as metal-like conductivity, Curie
Weiss behavior, and;=const at high temperatures. These
features are similar to ferromagnetic metals. Especially, th
critical behavior which is expected nearby ferromagnetically,
unstable point is also seen in the present system. The qual
tative difference between pure Lj@, and the Zn substi-
tuted samples arises from the signygf The parametey, in
ferromagnetic metal systems is expressed as

l1-a

Xo(0) A9

Yo [a=1IXx0(0)],

concentration. Especially, the reason why pure JQV cor-
responds to the positive sign g is due to the low density
of states at Fermi energy as is expected from @§). The

temperature toward the transition temperature in a way simi-
lar to the metal-like region, however the values at fixed tem-
peratures become smaller as Zn concentration increases in

low density of state would be caused by the imperfecthis region. The value of the susceptibility takes the maxi-
screening of the Coulomb interaction. In fact it has beermum atx=0.4-0.5 in the overall range of at fixed tem-

suggested from photoemission experim&htbat imperfect

peratures above 100 K as mentioned in the Introduction,. 1/
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T I | I V. CONCLUSION
140 Li. Zn V.O We have performed nuclear magnetic resonance’kor
1-x x' 24 nuclei in vanadium spinel Li ,Zn,V,0, (0=<x=<0.4) from
120 N 4.2 to 300 K. We found that the relaxation rat& L and the
100K linewidth for x#0 samples qualitatively differ from those
~ 100 PY n for the pure LiV,O,. 1/T; and the linewidth forx#0
"o samples show a monotonous increase with decreasing tem-
2 80F — perature toward the order point appearing at about 15 K,
~ ® o whereas for pure LiYO,, a paramagnetic metal, Tl and
= 60k N the linewidth remain finite values although both show
=~ o anomalies at 50 and 20 K, respectively. These anomalous
® features in I, appearing by Zn substitution is also seen in
401 ® 1 the susceptibility, which implies that tlie= 0 mode plays an
‘ important role to understand the overall nature of this sys-
20 - tem. On the basis of these experimental fact$,; Hnd the
susceptibility were investigated from the viewpoint analo-
0 1 i I ] gous to ferromagnetic metal systems. The overall features
00 02 04 06 08 1.0 including anomalous behavior in Li,ZnV,0, (0=<x
=<0.4) were qualitatively interpreted as the critical phenom-
1-x ena nearby the ferromagnetically unstable point, although
FIG. 9. Zn concentration dependence of LAt 100 K. some modification is necessary for the quantitatively precise

agreement with the real materials.

also shows the same behavior, that is, the maximum™f 1/
appears ax=0.4—0.5 at fixed temperatures as shown in Fig.
9. The analysis presented in the previous section is not ap- We would like to thank T. Urano, Professor H. Takagi,
plied for 0.4<x<1 and other relaxation mechanisms for aand Dr. S. Kondo of ISSP, University of Tokyo for private
semiconductor or an insulator are required. communication.
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