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Transferred hyperfine interaction and structure in LiMn ,0, and Li,MnO ; coexisting phases:
A XRD and ‘Li NMR-MAS study
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X-ray diffraction (XRD) and 'Li NMR-MAS measurements have been performed on Li®in(lithium
cationic fractionx=0.333, Li,MnO; (x=0.667), and the intermediate composition witk 0.40. The use of
magic angle spinning produces complex manifolds of the spinning sidebands. The predominant interaction
affecting the NMR spectrum is the transferred hyperfine coup(ifigHI) between the Mn ions and the Li
spins. TFHI parameters are extracted from MAS-NMR spectra of oxides containing a large quantity of man-
ganese. We obtained a full spectral assignment for the spinel JOMtior the rocksalt LiMnO3, and for the
x=0.40 sample, which contains the rocksalt and both stoichiometric and nonstoichiometric spinel phases.
According to XRD data, the rocksalt phase contains three nonequivalent lithium sites whose NMR peaks are
shifted upfield fromx=0.667 to 0.40 because of the cell volume expansion. THeidms belonging to the
two spinel phases of=0.40 are quite mobile and give origin by motional narrowing to a single peak, which
is slightly shifted upfield with respect to that of LiMB,. [S0163-182(07)01814-9

[. INTRODUCTION impurities?? Olejniczak et al. gave a general approach to
analyze combined MAS—multiple-pulse experimelitslay-
Li-Mn-O compounds have recently gained a great deal okem and Yesinowski provided a quantitative interpretation of
attention since the LiMyD, spinel and related phases pos- the intensity pattern of the spinning sidebands in paramag-
sess peculiar transport properties, and capabilities of lithiunmetic solids, which is due to inhomogeneous interactiéns.
intercalation/deintercalation, which allow applications in Enhanced sideband intensities and substantial isotropic para-
electrochemistryand catalysig:®> We have recently studied magnetic shifts have been observedBn NMR-MAS in
by x-ray diffraction the formation of LiMgO, from the re-  rare-earth stannatés®
active system MnO/LCO;.* We characterized a monopha-  Transition metals as well as other metals oxides have
sic region(Li cationic fraction 0.333x=<0.35 in which the  been studied byLi NMR-MAS. Dalton et al. resolved tetra-
spinel compound is stable, and a second dfe86<x  hedral and octahedral Li sites in the superconducting spinel
<0.667 where two spinelgstoichiometric, phase I, and non- Liq . Ti,_,O, for y>0.1" Gangulyet al. found large shifts
stoichiometric, phase )lland L,LMnO; coexist. and broad linewidths in LiNi©. They argued that the sub-
The stoichiometry of LiMgO, (x=0.333 and Lp,MnO; stitution of Ni by Li in NiO creates holes on Nf. The sub-
(x=0.667 coexisting phases and their abundance were adstitution of Ni by Co in the solid solution LiNi ,Cq,O, has
dressed by electron-paramagnetic-resonafE®R and  been recently studied Hi and ‘Li NMR.®
x-ray-diffraction (XRD) measurements.The structures of The system Li/Mn/O has only recently been studied by
the two compounds are knoWrd.We showed that structural NMR. Kanzaki et al?® presented some shift values for
defects and stoichiometry of the phases can depend on théMn,O, and LLMnO;, that they attributed to the Knight
preparation conditions. shift. On this basis, they attributed to lithium a “density of
The peculiar physicochemical properties of the transitionstate” ~1 in LiMn,O, which, however, has been told to
metal compounds are due to the coupling of the cation eleddisplay a high electric resistance. Kumagdial?* also as-
tronic structure with the local crystal field. Nuclear magneticsigned to LiMnO, a metallic character which, however, is in
resonance may give valuable hints in understanding the relalisagreement with their own XRD and XPS results. Finally,
tionships among structure, covalency, defects and conductiMorgan et al?? studied both LiMBO, and Li,MnOj; by °Li
ity. 'Li solid-state NMR was early employed to investigate and'Li NMR. However, some of their results suggest a par-
magnetic order and superexchange interactions itially incorrect determination of the isotropic chemical shifts.
LiMnPO, .2 Shulman and Jaccarino us&tF NMR to study The magnetic properties of LiM®, have been recently in-
the relationships between covalency and long-range order inestigated by Masqueliet al?®
paramagnetic Mngz° Shulman and Knox obtained the iso-  In this paper we perform a careful XRD afti NMR-
tropic and anisotropic hyperfine interactions in KMo MAS analysis of the two cited compounds and of an inter-
More recently, NMR with magic angle spinnin®1AS) mediate compositiox=0.4). We are able to assign the ob-
has been shown to be useful in studies of paramagnetiserved peaks to magnetically nonequivalent lithium ions.
solids!! Rothwell et al. reported, for a natural mineral, the The shifts are interpreted in terms of transferred hyperfine
occurrence of spinning sidebands markedly enhanced relaateraction (TFHI) between the Mn ions and the lithium
tive to those of the corresponding diamagnetic synthetiowuclear spins. The values of the TFHI constant are deduced
compound, presumably as a result of para- or ferromagnetior the different cases.
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Il. EXPERIMENT =0.53 was performed to determine tkalependence of the

A. Sample preparation lattice parameters of the coexisting compounds.

The samples were prepared by the reactive system Alfa
(99.99%9 MnO/Carlo Erba(R.P) Li,CO; from starting mix-
ture havingx=0.333, 0.40, and 0.667. Each mixture was Magnetic materials are characterized by the presence of
fired in ar 8 h at 900 °C. Fox=0.333 an additional treat- unpaired electron spins which arise frafror f electrons in
ment d 1 h at 1100 °C was performed. Both heating and unfilled shells of atoms or ions. The effective field, and then
cooling rates were 5°C min. Several other samples werghe NMR shift, will be changed by an amount that depends
prepared in the range 0.383%<0.53, and investigated only on the quantity and state of unpaired electrons at the ion site,
by XRD. and on the hyperfine interaction of the electrons with the

nucleus.
B. NMR measurements Generally speaking, three sources contribute to the hyper-

fine field: the local one, the core one, and the field due to

The NMR measurements were performed on  aconduction electron® In insulating materials only the first
AMX400WB spectro;ngter(Bruker, Karlsruhe, Germafy o terms contribute the interaction. The Hamiltonian of the
with a 9.4-T magnet'Li nucleus resonates at 155.6 MHz. hyperfine interaction in its more general form is

Both static and MAS measurements were performed with a 4

IIl. THEORETICAL BACKGROUND

mm CP-MAS probgBruker. Spinning speeds from 6 to 13 8 (L—9)-I

kHz were employed. A single-pulse sequence was used with Hy= —gg,,8,8N+ 3 sr)(1-9)+ —5—

a pulse width of 0.5us, corresponding to a tip angle of "

~30°. The FID’s were left-shifted and Fourier transformed 3(Sr)(1-1)

without line broadening. The spectra were referenced to an + r—5} 1)

external sample of 1.0 M LiCl in §O.

~The obtained spectra consist of complex spinningyhere, S, and! are electron orbital, electron spin, and
sideband manifolds. In the case of,MnO;, for example,  nclear spin operators, respectivelyjs the distance mea-
the manifold spans over several thousands ppm. Except fQfiyred from the center of the nucleus, and the other symbols
the spinel composition, we met with severe difficulties inpaye the usual meaning. The first addendum in the brackets
finding isotropic chemical shifts. The problems were mainlyis the Fermi contact term, and the last two terms represent
due(i) to the overlapping of the spinning sidebands with theyhe dipolar interactions between the nuclear spin and the
isotropic resonances andi) to the uncertainties in phasing glectron angular and spin momenta, respectively. If the or-
the spectra. To overcome these problems we performed OWjita| angular momentum is totally quenched the second term
experiments at several MAS speeds, and each spectrum WRRy be neglected.
phased following different criteria. Each spectrum belonging Tphe expectation value dfiy over the orbital parte) of
to the matrix(speeckphasing was then compared with the the total wave function is a second-rank tengomwhich
others and the best isotropic candidates were extracted on t'&%uplesl andsS. This tensor can be split into a traceless part

basis of their statistical occurrence. In the case @MOO; £ ang a diagonal paf,. The isotropic part of¢) contrib-
we obtained a good agreement with the results of Ref. 22. ias the term

We also tried to use a spin-echo sequence with the echo
delay time synchronized with the rotor perittf® However, 16
no significant improvements were obtained concerning the I-Fp-S=— 3 7By, andk(pa8(N)S-1| ), (2)
phasing procedure. n

where
C. XRD measurements

Diffraction data were obtained by a Philips PW 1710
powder diffractometer equipped with a Philips PW 1050 ver-
tical goniometer. Use was made of the Ku radiation
(Ka,=1.5406 A;Ka,=1.5443 A obtained by means of a andA is familiar as the hyperfine interaction tensor. If we
graphite monochromator. Patterns were collected in the arireglect the electron spin-orbit coupling, the off-diagonal el-
gular range 15%26<130° in a step scan modstep width €ments of the orthonormal expansion|¢f give the dipolar
0.02° and 0.025°, counting time 10. s term

Structural and profile parameters were obtained by the
Rietveld profile refinementRPR proceduré* The refine-

16
Fo=A=—3 7By2 |ail’|¢n(0)” ®

*
ment was performed with the programsws (Ref. 25 and I-Fy-S= _2B72| |2 aa,
WYRIET version 3.5% More detailed descriptions about Ri-
etveld refinement of multiphase systems has been reported in 3(1-r)(Ssr) 1-S
previous paper$?’ The structural model to fit the observed ><< I’ 5 13 ¢'>' )

patterns depends on the mixture composition, which deter-

mines the presence and abundance of the stoichiometric amal the case of interaction among a nucleus and electrons of
nonstoichiometric spinel and of MnO; phases. The multi- different atoms, the couplingz, for each electron is given
phase refinement of several samples in the range &833 by
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25000
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C= 3 imyB(-9)|B(R)|*+2h 7!

20000
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wherep(r)=|#(r)|? andR is the distance from the nuclear

spin to the atoms. The first term is the Fermi contact, and thez | | M i UWJLJ e e
M

15000

(arbitrary units)

second is the dipolar one, which may have both isotropic and=
anisotropic contributions. Only the anisotropic part is re- L

moved (or reducedl by MAS. The peak’s isotropic shift 5000 ] L W2
arises both from the Fermi contact tefiig(0)[>#0 at the M JL

nuclear positiofy and from the pseudocontact one. This last 0 =

term is given by the combined effects @fiuclear spin- 20 30 40 29(de ees) 9%
electron spin and (electron orbit-nuclear spjrdipolar cou- g

pling, and is nonzero only for systems where the electron 5 1 xgrp patterns for the samples-0.333(a), x=0.40(b),

tensorg is anisotropic. The pseudocontact shuﬁ{, ina  gndx= 0.667(c).
polycrystalline solid has been derived in the high-

temperature limit by McConnell and Robert$3n fluctuating at a frequency and the NMR signal is observ-
able if the conditionsA7=1 andA%r<yH, are fulfilled.

8p=—(3 0% s —1)(g20— 92 B2HoS(S+1)/KTR?, (6) T T=7Mo

whereg,, andg,ep are the splitting factors parallel and per- IV. RESULTS AND DISCUSSION

pendicular to the symmetry axis, respectively. The Fermi _ _

contact Hamiltonian can be expressed in terms of the hyper- A. The XRD information

fine coupling constant, The sample patterns were characterized by the lines ex-

Hy=%AS, ) pected for the spinel phase far values near 0.333Fig.
N Nz 1(a)], or by those expected for the ,MnO; phase for

In a system characterized by an electron relaxation tim=0.667 [Fig. 1(c)]. For the intermediate composition
T.!>A, the nucleus will see an average hyperfine magnetix=0.40 both line sets were observéBig. 1(b)] and the

field that will give a total shift structural parameters refinement for multiphase system was

performed, taking into account also the presence of a Li-rich
spinel phase in addition to the stoichiometric spftl.

where the sign ofA will give the direction of the shift. The
time-averaged value of the electron spin in the high-

Aw=yHo= (S, (8) From the RPR analysis, the abundance and the stoichiom-
etry of the phases and the values of cell parameters were
determined according to the procedure reported in Ref. 4.
Figure 2 shows the values of cell volumes for the spinels

temperature approximation is given by [Figs. 2@ and 2b)] and for L,L,MnO; [Fig. 2c)] as a func-
~ S(S+1)H, . tion of x. Both the stoichiometri¢Fig. 2(a)] and the Li-rich
(Sy=—9lBl =7 ©)
. . . 565.0 .
The hyperfine interaction due to many magnetic ions may be
considered as additive, so the total shift will be 00w a 7
A 555.0 |- [ §
Aw=2, FI<SZ> (10 550.0 Tt b
I
&

It is interesting to make some considerations about the - 1995 7
observability of the NMR signal. Due to the large electronic >
magnetic field at the nucleus site, the Zeeman term may no
longer be the dominant one in the Hamiltonian. Further, the ¢
strong hyperfine interaction between electrons and nucleus 199.0 - et . 4
enhances the relaxation processes and broadens the NMR \'\.
line.

The concentration of magnetic ions plays a positive role
in making the NMR signal more detectable. In fact, the ex- 198.5 ! ! |
change interaction among electron spins provides for fast 03 04 05 06 07
spin flipping, which results in a much attenuated electronic x

dipolar field seen by the nucleus. For strong exchange cou-

plings of the formAvS;-S; between neighboring electron  FIG. 2. Cell volumes as a function of for (a) stoichiometric
spins, a flip-flop process involving the electrons occurs at &pinel,(b) nonstoichiometric spinel, an@) Li,MnO;. The lines are
frequency v~1/7. The nucleus “sees” an electronic field a guide to the eye.
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TABLE I. The Li-Mn average distances are calculated over all manganese belonging to the first shell of
each lithium. *, Li-Mn distances through verticgsee text +, LiocaneraMn distances.

Samples Phase (S,) A/h (cm™ Shift (ppm) Li-Mn (A)
x=0.333 Spinel(stoich) 0.575 0.3&%107* 664 12x3.417
Spinel(stoich) 0.575 0.3&%107* 658 12x3.410

Spinel (nonstoich). 0.575 0.3&10™4 658 12x<3.401

12x2.916"

X—0.40 Rocksalt(Li1) 0.4 1.30<10°4 1600 6x2.842
' Rocksalt(Li2) 0.4 0.69<10°* 848 4x2.890
4X4.04%

Rocksalt(Li3) 0.4 0.64<107* 787 4x2.895

4X4.035

Rocksalt(Li1) 0.4 1.44<10°4 1770 6x2.842

x=0.667 RocksaltLi2) 0.4 0.71x1074 875 4x2.888
4x4.03%

Rocksalt(Li3) 0.4 0.69<10™4 850 4x2.893

4X4.034

[Fig. 2b)] spinel undergo a decrease of the cell volume for Li,MnO;. The three crystallographically independent
x=<0.40, whereas fox>0.40 the volumes remain nearly con- lithium sites in the monoclinic structurspace groupc2/m)
stant. This result agrees with the fact that a limiting compo-can be described in the following fashion.
sition is reached for both spinel phasdsSigure 2c) shows a Lil. Itis at the center of oxygen octahedra slightly dis-
slight decrease in the range 038<0.667. torted with four Li-O distances of 2.055 A and two of 2.071
The RPR method allows one to know the coordinates ofA. The octahedron is connected through the vertices with 6
the neighboring cations of lithium atoms. The number andoctahedra centered on lithium atoms and shares edges with
position of the Mn atoms neighboring to the lithium sites 12 other octahedra, 6 of which are centered on Mn. Figure 3
allow one to estimate the Li-Mn interactions that dominateshows the spatial arrangement of the 6*fMipns surround-
the NMR spectra. ing the Lil site. The Li-Mn distances range between 2.837
LiMn,O, (phase ). The lithium atoms occupy the tetra- and 2.844 A and their average value is reported in Table .
hedral sites of the structure. There are 12 neighboring octa- Li2. It is at the center of oxygen octahedra with four
hedral Mr™ and Mrf*. The distances Li-Mn are reported in long distance$2.147 A and two short one€2.009 A. This
Table I. As no inversion is found, only one type of lithium octahedron is connected through the vertices with 6 octahe-
site is present in the structure of the stoichiometric spinel. dra, 4 of which with Mn at the center, and through the edges
Li[LiyMn,_,]O, (phase I). In addition to the already with 12 octahedra, 4 of which with central Mn. The average
described tetrahedral lithium, the presence of some lithiunvalues are reported in Table I. Figure 4 shows the spatial
on the octahedral site has been determined by Rietveldrrangement of the 8 Mn polyhedra surrounding the Li2 site.
analysis. The value of is well known as a function of the Li3. It is the central ion of oxygen octahedra with two
initial compositio and is about 0.2 for the samples with distances of 2.167 A, two of 2.098 A, and two of 2.043 A,
x=0.40, that means about 10% of lithium ions on the octa-This central octahedron is connected through the vertices
hedral sites. The distances between Mn atoms and both regu-

lar and substitutional lithium are reported in Table I.
7y Oxygen
. Manganese via edges

= \ / @ Manganese via vertices .-
(1 Oxygen T ®Ln o)
@ Manganese ithium ) ‘
@ Lithium -
,/1
N
FIG. 3. Spatial arrangement of the ffhions surrounding the FIG. 4. Spatial arrangement of the Rfhions surrounding the

Lil site. Li2 site.
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Oxygen
@ Manganese via edges

@ Manganese via vertices

R @ Lithium
@ ‘
e
Ippm 10‘00 (‘)
| C ! FIG. 6. Static(upper paft and MAS (lower par ‘Li NMR

spectra of samplg=0.333.

be further shifted towards high field by an increase of the
FIG. 5. Spatial arrangement of the #nions surrounding the  rotation speed.
Li3 site. The stoichiometric spinel contains the same quantity of
Mn®" and Mrf". At room temperature, and for a magnetic
with 6 octahedra, 4 of which with Mn at the centeistances field of 9.4 T, we obtain from Eq(9) a value(S,)=0.575.
from Li3: 4.007 and 4.060 Aand shares edges with 12 The TFHI constant, in units ofi, is A=0.38x10 4 cm .
octahedra, 4 of which centered on Mdistances from Li3:  This value refers, at a first approximation, to the manganese
2.875 and 2.909 A The average values are reported in Tableions belonging to the first shell around each equivalent
I. Figure 5 shows the spatial arrangement of the eight Mnithium ion, from which they are separated by two bonds.
polyhedra surrounding the Li3 ion. It can be noted that aThe contribution of outer manganese atoms may be ne-
strict similarity exists concerning the neighborhood of Li2 glected. In fact, Beshaét al. showed that in a magnetically
and Li3 sites. However, greater Li-Mn distances can be obeliluted system the contribution of manganese ions belonging
served between Li3 and the Mn of the octahedra sharing th the second she(four bonds awayis tenfold reduced?
edges. In a paramagnetic system at room temperature it is rea-
The three lithium sites are distinguishable for what con-sonable to think that each manganese ion interacts indepen-
cerns the shell of nearest-neighbor Mrions and the respec- dently with Li*. Consequently, the hyperfine interaction is
tive distances Li-Mn, and can likely undergo three differentadditive and it is possible to assign a “mean shift” €56
levels of hyperfine interaction with observable effects inppm to each manganese ion. Some NMR quantities are re-

NMR spectra. ported in Table I.
Similar considerations can be also done when the
Li,MnO; phase coexists with the spinel ones=0.40: in 2. Sample x=0.667 (LLMnO»)

this case the distances Li-Mn for the three lithium sites are
altogether more extended than that found in the pur
Li,MnQ;, in agreement with the cell volume expansion ob-
served for decreasing, as shown in Fig. @).

As previously stated LMnO; contains three nonequiva-
ent lithium sites, one of which has multiplicity four and the
others multiplicity two. Figure 7 shows both static and MAS
spectra for this sample. Three isotropic peaks are found at
. . 850, 875, and 1770 ppm, respectively. These values are in
B. The NMR information
1. Sample x=0.333 (LiMNn,O,)

Figure 6 shows both static and MAS spectra for the spinel
LiMn,O,. The static spectrum is Gaussian in nature. MAS
rotation removes part of the electron-nucleus anisotropic in-
teractions and gives origin to a manifold centered~a0
ppm. In agreement with the crystallographic data, we found
only one isotropic peak at 664 ppm. We attribute the Gauss-
ian shape of the manifold to susceptibility broadening not
completely removed by MA&'*
Our isotropic datum is not in agreement with the value
(520 ppm reported by Morgaret al?? On the other hand,
they noted that an increase in MAS speed resulted in the
isotropic shift moving towards higher field, and attributed 7™ 55, 5000 1000 5 1000 2000
this fact to a temperature effect. Their observation may be
more simply explained by supposing an incorrect determina- FIG. 7. Static(upper pant and MAS (lower part ‘Li NMR
tion of the isotropic value. An upfield sideband, in fact, will spectra of sampl&=0.667.
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Li ,CO;.?? The diamagnetic shift of the rocksalt peaks is sim-
ply accounted for by considering that the unit-cell volume
increases when passing frox+=0.667 to 0.4, as shown in
Fig. 2(c). Again, the Fermi contact should be the dominant
factor. In fact, by fitting our data with expressighl), we
obtain a value~41 for the exponent.

We were not able to find a peak that could be surely
attributed to the substitutional lithium of spinel phase Il. The
reason can be that this population is magnetically equivalent
to one of those belonging to the rocksalt structure, or that a
lowering of the symmetrynot observed in our samplén-
troduces additional broadenings related to quadrupolar inter-
action. Itohet al®® invoked the latter explanation to justify
the decrease of static NMR intensity ysn the nonstoichio-

FIG. 8. Static(upper pant and MAS (lower part ‘Li NMR metric spinel Lj,,Ti, ,O,. However, their conclusions
spectra of sample=0.40. have been strongly criticized.

Some interesting questions arise about the multiplicity
good agreement with the data reported in Ref. 22, except fasind the chemical shift of the peak attributed to the spinel
a systematic difference of 50 ppm, which is the chemicabphases. Since the tetrahedral Li ions belonging to phases |
shift of LiCl in our magnet for a carrier frequency of 155.6 and Il are not magnetically equivalent, we would expect to
MHz. have two distinct NMR peaks with approximately the same

The peaks assignment is quite straightforward. In fact, Li2areas. The presence of a single feature can be accounted for
and Li3 have the same number of manganese atoms nearlylay invoking one of the following reason§) the two peaks
the same average distan@=e Table)l Then, the two near have very similar chemical shifts, ¢ii) a motional narrow-
peaks in the range 850—900 ppm may be assigned to Li2 arilg mechanism is actindithium ions that hop between the
Li3. The higher multiplicity of Li3 allows to assign the peak two phaseg which is characterized by a correlation time
at 850 ppm to this moiety and the one at 875 ppm to Li2. Theshorter than the inverse of the peaks angular frequency dif-
peak at 1770 ppm is assigned to Lil. We stress that it is ndierence Aw,, .
possible to obtain full quantitative information from a mani-  The former possibility can be ruled out because the peak
fold of several thousands ppm because of the distortions res shifted upfield with respect to that of the=0.333 one,
lated to the spectral width of the rf pulse. whereas we see from Table | that the average Li-Mn distance

Some information about the dominant term in the hyper-of the stoichiometric phase decreases fros0.333 to 0.40,
fine interaction may be obtained by examining the relationwhich should mean a stronger hyperfine interaction.
ships between the chemical shifts and Li-Mn distances. Be- Phase Il displays even shorter Li-Mn distances. However,
cause of the additivity of the interaction each manganesé has a~10% excess of Li ions that occupy octahedral po-
which surrounds a Lil contributes a shift of about 295 ppmsitions. The overall shift of the related NMR peak is likely to
Both Li2 and Li3 have in their first shell four Mn at less than be the sum of two competing effects: a paramagnetic one
3 A, and four at~4 A. Let us neglect the latter. If we hy- related to cell contraction, and a diamagnetic one due to the
pothesize the dipolar interaction to be the dominant one, thalecrease of the average number of manganese ions which
is surround each tetrahedral lithium

T T T T T T T
ppm 2000 1500 1000 500 0 -500

Awoe r53: (11) Awior, 1= Awgiant Awpar,ll- (12
Since the populations of the two phases are nearly nu-
we will obtain theoretical shifts of 1125 ppm for Li2 and merically equivalent, as shown by XRD, motional narrowing
1119 ppm for Li3, which demonstrates that the main contri-can give a single upfield peak only if the peak of phase Il is
bution comes for Fermi contact. We may suppose that thehifted upfield more than the one of phase I is shifted down-
major parameters affecting the interaction are covalency, hyfield. This requires the diamagnetic term in EtR) to be the
bridization, and angle bonds, in a similar fashion to that propredominant one. Under these assumptions, only one peak
posed by Spalekt al. to interpret the magnetic properties of will be observed, with isotropic shift intermediate between

diluted semiconductor¥. the ones of phases | and Il. Due to the populations equiva-
lence, the upfield shift~6 ppm of the spinel peak in the
3. Sample x=0.40 sample x=0.40 allows us to estimate a minimum value
Aw =12 ppm.

The samplex=0.40 contains both the two spinel phases
and the rocksalt compound. X-ray Rietveld refinement give . . ' . S
cbout 10% of LA, whereas he remaining S05 con- ) PTICUr, Per contct e e precorinant contibuion
tains phases | and Il in the same amount. NMR shows a b'\%orks Fi?r#]'e followin ,relationshi holds
peak at 658 ppm due to the spinel phaseand the three 9 P
peaks of the rocksalt phase which are downshifted at 787, D

l<A/—,
Awyy

We cannot simply evaluate the two addenda of @¢).

838, and 1600 ppm, respectivelyee Fig. 8 A small peak

. e (13
(2—-39% is found at~0 ppm, that is likely due to unreacted
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whereD is the lithium self-diffusion coefficient, anldis the  cation sites, the coordination type, and the distances
linear dimension of the regions over which the motional pro-Table |).

cess occurs. In our previous wérke found for phase Il a We stress that our conclusions about the motional narrow-
linear dimensionl, of the order of 100 A. Under the assump- ing process between the two spinel phases in the sample
tions we made aboutw,,, we obtain for the self-diffusion x=0.40 are just based on an assumption, although very rea-

coefficient a value of the order of I&cn? s™2, in agreement  Sonable. We cannot fully exclude, for example, that the spi-
with the findings of Sali et al3* nel cell contraction fromx=0.33 to 0.40 may cause a sign

change of the TFHI constant. Since thée' lhobility is tem-
perature activated, NMR measurements performed at low
temperature could confirm our hypotheses. These experi-
The present results point out that the transferred hyperfingents are in preparation.
coupling between Mn ions and Li spins is the interaction
dominating the NMR signal. From MAS spectra the perti-
nent parameters have been obtained in nondiluted Mn-Li ox- This work was partially funded by CSGIl. NMR measure-
ides. ments have been performed at Centro Grandi Strumenti of
The spectral assignments for all the samples agree witthe University of Pavia, with the help of Dr. Francesca Ben-
our structural data, reporting the number of nonequivalenevelli.

V. CONCLUSIONS
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