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Microscopically homogeneous magnetic structure of La_,Sr,MnO 5 beyond the range
of 0<x<0.1 observed by La NMR
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A 3% a NMR study was carried out on melt-grown samples of L&r,MnO; (0<x<0.15). The micro-
scopic magnetic structure of the parent LaMm@as identified as a homogeneous antiferromagnet at low
temperatures. Substituted compounds with0.1 demonstrate the homogeneous ferromagnetic phase. Only a
lightly doped sample witlx=0.05 shows the coexistence of NMR lines from ferromagnetic and antiferromag-
netic phased.S0163-1829)15901-0

The lanthanum manganite LaMg@s an antiferromag- [aMnO; a homogeneous canted AFM phase at low tempera-
netically correlated insulatdiMott insulatoy at all tempera-  tures. This canted structure allows us to explain the presence
tures. It is a parent material for a wide range of the mangaef FM peaks in neutron experimeritShe alternative model
nites families which are so popular now. Stoichiometricis based on the coexistence of FM and AFM phases and was
LaMnO; below the Nel temperaturély~140 K exhibits a  Proposed by Wollan and KoehléRecently the latter model
layerlike antiferromagnetic order; i.e., the ferromagneticallyVas develqpe_d b_y Nagatwho conS|dered t_hIS_phaS_,e_ coex-
coupled spins withirac planes(space group®,,,,) are anti- istence as intrinsic feature of the material with its origin to an

ferromagnetically coupled along.! The low-temperature eIectronlcd Ff:g)se separation  similar  to  hiGh-
magnetic structure for real LaMnGamples has been vari- superconductors.

; ) : NMR of 1¥9a with its reasonable gyromagnetic ratig (
omagheti VD, ot a domain mixure of the two, This gis- ~ 0146 MH2/T), moderate quadiupole mome@(0.22
9 ’ ' X102 cm™?) and 99.9% natural abundance represents a

crepancy 1S a result of the stron.g plependence of magngt‘;ﬁce local tool sensitive to both microscopic magnetic and
properties on the very small variations of the La/Mn ratio 4 o 4rynolar interactions in the material. Keeping in mind the
and of the oxygen content. ot _ very high quality of the melt-grown crystals of
Upon substitution of S for La’", holes are induced at | 5 ° sy MnO, prepared recentl§we have undertaken a de-
the Fermi level. As a result, the M_n splns_flrst tilt until the t5ijed 139 a NMR study of these samples, addressing mainly
system becomes a FM metal at high doping. The most deteijr microscopic magnetic structure at low substitutions.
tailed electronic and magnetic phase diagram for Crystals of La_,Sr,MnO; (x=0, 0.05, 0.10, 0.16were
La; xSMnO; based on macroscopic magnetic and transmelt grown by a floating zone technique as described in de-
port measurements was published in Ref. 2. It shows &ail in Ref. 2. A powder x-ray diffraction pattern showed all
canted AFM insulator foix<<0.1, FM insulator for 0.&x  the samples were single phase. Analyses of chemical com-
<0.17, and FM metal at=0.2. The colossal magnetoresis- position were carried out using an electron probe mi-
tance is typical for the latter part of the diagram which hascroanalyser, redox titration, and thermogravimetry. Crystals
attracted the main experimentaee Ref. 3, and references were also characterized by resistivity and magnetization
therein and theoreticdlinterest. The low doping part of the measurements as described in Ref. 2.
phase diagram received much less attention. 139 a NMR spectra were measured both in zero field
As to the microscopic magnetic structufespecially in  (point by point frequency sweep, 5—30 MHand in a field-
the insulating part of the diagranthere has been no com- sweep modg0-8.5 T) at fixed frequencies with a phase-
plete agreement until now. Recent neufrand NMR(Refs.  coherent spin-echo spectrometer. For the NMR experiment,
6 and 7 studies came to very different conclusions about thecrystals were powdered and two types of samples were pre-
doping range for coexistence of AFM and FM phases inpared. The first one was just a powder which was oriented
manganites. It should be noted that the question about th&long the easy direction in an external magnetic field during
real microscopic magnetic structure of this materials seemthe NMR experiment. The second sample was randomly ori-
to be of principal importance in a long discussion betweerented and fixed in paraffin.
two theoretical models. One of the models was proposed by *%.a NMR at zero external fieltH, was measured for
de Gennésand predicts for undoped and lightly doped randomly oriented powders at 4.2 K. The spectrum for
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servable for this sample but disappears completely at higher
dopings. The shift of the FM component to lower fields with
increasing doping is in a good agreement with Hhg(x)
. dependence measured at zero field La NMR in the same
samples?
The spectra obtained demonstrate the homogeneous mi-
croscopic magnetic states—AFM in LaMg@nd FM in
La; ,Sr,MnO; (x=0.1). It is most evident in Fig. 3 where
. we show the field-sweep NMR spectra in the wide field
o range. It's seen that even traces of alternative NMR lines
(FM for x=0 and AFM forx=0.1) are not observable. It
L should be noted that for the single phase spegtra0, 0.1,
0.15 we used specially experimental parameters favorable
for the alternative lindFM for x=0 and AFM forx=0.1,
0.15. This means that the admixture of the alternative phase
FIG. 1. Zero field La-NMR spectrum of randomly oriented is beyond the sensitivity of our experiment. We estimate an
LaMnO; sample at 4.2 K. Thin vertical lines show the calculated ypper limit for the AFM component in FMk=0.1, 0.15
transitions with parameters given in the text. samples as about 2%. The=0.05 sample was the only one
where a coexistence of two NMR lines was observed and the
x=0 sample is shown in Fig. 1. It consists of many peaksspectrum in Fig. 3 reflects the real relative intensity of these
and the thin vertical lines show the calculated positions follines (about 25% of AFM component
various transitions with the following set of parameters: From recent neutron data on melt-grown samples of
quadrupole frequencyy=3.8 MHz, asymmetry parameter La;_,SrMnO; (x=0.04, 0.125, 0.17 (Ref. 5 the low-
7=0.92, internal fieldH;,;= 3.5 kOe along. The low value temperature magnetic structures for these compounds are as
of Hj: [compared with 30 kOe, observed in off- follows. The material wittk=0.04 is a canted AFM with a
stoichiometric LaMn@, s (Ref. 11] implies an AFM state at small admixture of FM phase. By contrast, the=0.125
low temperature. The estimated dipolar contributiorHtg, ~ sample exhibits a large FM moment with small admixture of
is rather smal(0.7 kOg as a result of cancellation in a site of an AFM component. The sample with higher doping (
nearly cubic symmetry. A large value @f=0.92 for a very  =0.17) shows only an FM component. Our NMR results for
symmetric La surrounding is rather surprising and probablythe substituted compounds are in qualitative agreement with
means that the main part of the internal field is a result of ahose neutron data. We also observed a coexistence of AFM
transferred hyperfine interaction. The details of electric fieldand FM states, but ow=0.05 sample is mainly FMabout
gradient analyses as well as zero field La NMR results fol75% of FM componenjsand forx=0.1 we found no traces
samples with 8<x=<0.4 will be published elsewhere. of AFM components. Keeping in mind that the samples used
Figure 2 shows field-sweelf®.a NMR spectra of an ori- in Ref. 5 were not completely identical to ours this small
ented pliHy) x=0 sample for several frequencieg. For  quantitative discrepancy looks quite acceptable.
=% and Hy>H,y, vg seven transition are expected and Recently the results of a La-NMR study in ceramic
thin vertical lines indicate their calculated positions with thesamples of La manganitgincluding the parent LaMng)
same parameters as obtained from the zero field spectrumere published:” As for undoped LaMn@those data differ
The spectra for samples witk>0 shown in Fig. 3 differ completely from ours. In all the samplémcluding nomi-
drastically from that for undoped LaMnOEven very light  nally undoped LaMn@ a very broad La-NMR lingabout
doping, x=0.05, NMR spectrum broadens and shifts to10 MHz) without clear structure was detected beldyy.
smaller fields. The component of the AFM line is still ob- The authors interpreted their results as evidence of intrinsi-
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FIG. 2. Field-sweep La-NMR spectra of orientdal ;) LaMnO; sample at various frequences at 4.2 K. Thin vertical lines show the

calculated transitions with the same parameters as in Fig. 1.
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— the published magnetic diagrams of this material! It

% should be also noticed that the low-temperature La-NMR
La;.,Sr,MnO; 3 spectrum of nominally undoped LaMpQeramic sample

i (see Fig. 9 in Ref. Bbeing converted in a field domain is
f=48.2MHz H rather similar to our spectrum for kgSr, (MnO; which

has 72)% of Mn*" ions due to redox titratioh.These dis-
agreements support our suspicions about oxygen and/or cat-
ion off stoichiometry of the samples used in Refs. 6 and 7.
This is quite possible since the ceramic samples suffer from
the presence of grain boundaries where the modifications of
the microscopic magnetic structure likely take place. In fact,
the resistive and magnetotransport properties of our crystals
differ considerably from those of ceramic samples, as shown
in Ref. 2.
Following Ref. 5 we would like to emphasize the very
sharp changeover of the AFM and FM components despite a
30 ‘ 40 ' 50 ‘ 60 ' 70 ' 30 ' Iin_ear variation of the hole density. Due to our NMR _dat_a
H, (kOe ) this changeover looks probably even more sharp W|_th its
central point close tax=0.05. To our mind it would be in-
FIG. 3. Field-sweep La-NMR spectra of orientedKl) teresting to study in detail the macroscopic and/or micro-
La,_,Sr,MnO; samples at 48.2 MHET=5K for x=0 and 20 K Scopic magnetic structure of the high quality;LaSrMnO;
for others. crystals in a range of substitution<<<0.1 to shed light on
) ) ) ) a more complicated phase diagram that believed earlier.
cally inhomogeneous magnetic order on a microscopic scale | conclusion, we have shown frohM%a-NMR data that
in the en;ire range §x<0.2.5 (which develops at low tem-  he magnetic structure of La,Sr,MnO; compounds mea-
perature into the intimate mixture of FM and AFM correlated gyred on high quality melt-grown crystals is microscopically
domaing and as an indication for the presence of magnetiqyomogeneous beyond the range of0<0.1. The parent
polarons. _ _ _ _ LaMnO; has an AFM structure, the Sr-substituted com-
Our data do not confirm this conclusion demonstrating arhounds are FM, the admixture of alternative phase being

existence of pure AFM (LaMng) as well as pure FMX pegligible. The very sharp changeover of the AFM and FM
=0.1) samples. We suppose that the experimental resu'%mponents was observed around0.05.
and the main physical conclusion of Refs. 6 and 7 are rel-

evant rather to certain ceramic samples than to the material This study was supported in part by a Grant-in-Aid for
itself. The ferromagnetic transition at 115 K found in their Scientific Research of the Ministry of Education, Science,
nominally undoped LaMn@sample disagrees evidently with Sports and Culture of Japan.
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