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Magnetic and specific-heat measurements are performed in three different samples of;L.gMn@h &
=0.11, 0.15, and 0.26, presenting important disorder effects, such as carrier localization, due to high amounts
of La and Mn vacancies. For the samples with 0.11 and 0.15, magnetic measurements show signatures of
a two-step transition: as the temperature is lowered, the system enters a ferromagnetic phase followed by a
disorder-induced cluster-glass state. Spin-wave-like contributions and an unexpected large linear term are
observed in the specific heat as a function of temperature. In the sample with the highest vacancy &ontent,
=0.26, the disorder is sufficient to suppress even short-range ferromagnetic order and yield a spin-glass-like
state.[S0163-182609)12041-1]

[. INTRODUCTION the lattice® The actual crystallographic formula is better
written as La_,Mn;_,0O3. By varying the oxygen stoichi-
Hole-doped perovskite-type manganese oxides have abmetry the resulting compounds display a wide variety of
tracted considerable interest in recent years, motivated by th&ructural and magnetic phases, previously studied by x rays
observation of colossal magnetoresistaf@®IR) in numer-  and neutron scatterirfty, as well as magnetic and transport
ous related compounds, and the great variety of magnetimeasurements® It is well known that the low-temperature
and transport properties in this class of materialmong  magnetic phase of nonstoichiometric LaMQ changes
the La-based systems, the ground state of the stoichiometricom AF to FM for small values of5 due to the DE interac-
parent compound LaMngs insulatingA-type antiferromag- tion caused by the presence of f#inions in the sample.
netic (AF), which is attributed to a cooperative effect of or- However, unlike the cation-doped systems, the material re-
bital ordering and superexchange interactidiubstitution  mains insulating at all temperatures, and the FM transition
of a fractionx of La®" by divalent cations such as %, temperature decreases for increasing content of'Mithe
ca", or B&" causes the conversion of a proportional num-relevant fact to be considered appears to be the competing
ber of Mr®* to Mn**. At certain doping ranges (0« effect between La vacancies, enhancing theé MiMn** DE
=<0.5) this induces a metal-insulator transition and the apinteraction, and Mn vacancies which introduce considerable
pearance of a ferromagnetiEM) state. The simultaneous disorder in the lattice. For large values &the FM order is
FM and metallic transitions have been qualitatively ex-suppressed, and the low-temperature phase is better de-
plained by the double-exchang®E) model® which consid-  scribed by a spin-glass-like stat@.
ers the magnetic coupling between ¥nand Mrf* result- The competing effect between cation and manganese va-
ing from the motion of an electron between the two partiallycancies makes LaMnQ s a model system for studying mag-
filled d shells. Nevertheless, this DE mechanism does notetic interactions and disorder effects in mixed-valence man-
account for several experimental results, and it has beeganites. In order to achieve a better understanding of the
claimed that a Jahn-Teller type electron-phonon couplinglow-temperature properties of this system we have per-
plays an important role in explaining the large magnetoresisformed magnetic and specific-heat measurements in three
tive effects. different samples of nonstoichiometric LaMp(Q;. Mag-
Conversion of MA™ to Mn** can also be achieved by the netic data show signatures of a double transition: as the tem-
presence of nonstoichiometric oxygen in undopedperature is lowered, the system first orders ferromagnetically
LaMnQ;,, 5, with a nominal MA™ content of 2. For sim-  in small weakly connected clusters, and then changes to a
plicity this is the crystallographic representation used in thecluster-glass phase. Results of low-temperature specific-heat
present work and in most other studies in this system. Howmeasurements show an unexpectedly large linear coefficient
ever, it does not reflect the fact that the system containand a spin-wave contribution. This is interpreted in terms of
randomly distributed La and Mn vacancies rather than oxythe existence of disorder-induced charge localization in these
gen excess, which cannot be accommodated interstitially icompounds.
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TABLE |. Selected physical parameters and preparation condi- ' ' ' '
tions of the LaMnQ@, s samples. The actual crystallographic for- LaMnO
mula is better written as La,Mn,_,O;. The FM transition tem- 40r 3+
perature is given by ...

1)8=0.11
Sample 1 2 3

) 0.11 0.15 0.26

X, Y 0.022, 0.054  0.029, 0.069 0.029, 0.128
Mn** (%) 23 33 52

Prep. conditions 1100 °Clair 1000 °C/air 1000 °g/O
Cryst. structure Ortho./rhomb. Rhomb. Rhomb. 0 [ S X,3 ) )

T (K) 154 142 - i T ' T
Cc E—
frequency

201 2y5=0.15

¥’ (emu/Oe mol)

3)6=0.26

II. EXPERIMENTS

The bulk samples of LaMng) ;s investigated in the
present study were thoroughly characterized in Refs. 7-9. (1)
They were prepared in polycrystalline form by a citrate tech- 1k
nique, as described elsewhér&he products were annealed 2
at 1100°C in air(sample 1, 1000 °C in air(sample 2, and .- €))
1000 °C under 200 bars ofsample 3. The determination s a3
of & was initially performed by thermogravimetric analysis. - - : :
The final materials were characterized by x-ray diffraction. 0 50 100 150
Neutron powder diffraction diagrams were also collected in T (K)
the temperature range 2—-250 K. The Rietveld method was
used to refine the crystal and magnetic structures. FIG. 1. Real and imaginary parts of the ac susceptibility of
The neutron-diffraction refinements showed that all invesl-aMnGs, ;, measured in an alternating field,.=1 Oe and fre-
tigated samples have a stoichiometric oxygen content ofiueénciesf=25, 125, and 1000 Hz. For samples wiik0.11 and
3.00+0.05. The MA* content was calculated from the va- 0.15(samples 1 and)Zhe data are shifted vertically for clarity. For
cancy concentration of La and Mn determined from the neutN® sample with5=0.26 (sample 3 the results are multiplied by 3.
tron data, and found to be in good agreement with the ther-
mogravimetric analysis. Sample 1, wi=0.11 and 23% of Vertically for clarity. The first point to note is a pronounced
Mn**, consists of a mixture of a main orthorhombic phaseFM transition, observed at 154 and 142 K for Samples 1
(64%) and a minor rhombohedral phaé&6%). Sample 2, (6=0.11) and 2 $=0.15), respectively. The values af
with §=0.15 and 33% of Mfi", and sample 3, withs  were determined from the maximum derivative jyn. For
=0.26 and 52% of Mfi", both have rhombohedral symme- sample 3, with the higher vacancy conteat<0.26), at 48
try. Samples 1 and 2 showed a FM-ordered structure at lowk we observe a much lower cusplike anomalyyify typical
temperatureswith some canting observed in samplg, 2 Of a spin-glass behavior. As mentioned in the Introduction,
whereas sample 3 showed spin-glass-like signatures. Trange evolution from FM to spin-glass features for increasing
port measuremeritsevealed that all the studied compounds0xygen content in LaMn@, ; was previously observed in
are insulating down to low temperatures, with a typicalthe literature’®
semiconductor-like behavior. Selected sample parameters are Moreover, it is most interesting to note in Fig. 1 that the
summarized in Table I. results for the two FM samples show a double-peak structure
In the present study, specific-heat results were obtainednd a frequency dependence of the imaginary compoyfent
from 4.5 to 200 K with an automated quasiadiabatic pulsefhe high-temperature peak is frequency independent,
technique. The absolute accuracy of the data, checked#hereas the position of the low-temperature peak strongly
against a copper sample, is better than 3%. The measuré¢pends on the measuring frequency. The maximung”in
samples had masses of approximately 50 mg. Detailed aghifts to higher temperatures as the frequency increases.
susceptibility and dc magnetization measurements wher&hese are clear signatures of a cluster-glass behavior, as pre-
performed in a commercial magnetomet®uantum Design  Vviously reported for other manganifeand cobaltité"*2 sys-
PPMS. The FM transition temperatures of samples 1 and 2fems. The high-temperature peak signals the onset of FM
obtained from ac susceptibility data, are also shown in Tabl@rder, whereas the low-temperature frequency-dependent
l. peak is associated with freezing of the cluster magnetic mo-
ments. In connection with the low-temperature peak'ina
frequency-dependent shoulder can be observed in the real
componenty’. Results for sample 3 also show a distinct
Figure 1 shows the ac susceptibility of LaMaQ. Real frequency dependence jy', not visible in the scale of the
and imaginary parts, respectivety and x”, were measured figure.
in zero dc field, with an alternating field,.=1 Oe and In order to probe disorder-induced features in the system,
frequencies of 25, 125, and 1000 Hz. Results for sample e have measured the field-cool¢BC) and zero-field-
are multiplied by a factor of 3. Part of the data were shiftedcooled(ZFC) magnetization of the studied samples. Figures

x" (emu/Oe mol)

. MAGNETIC MEASUREMENTS
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FIG. 2. Field-cooledFC) and zero-field-cooledZFC) dc magnetization of LaMng ;. The applied field, from bottom to top in the
figures, is 50, 200, 500, and 5000 Oe.

2(a) and 2b) display the results for samples 1 and 2, respecis consistent with thé vs T data of Fig. 2, and is attributed
tively. The low-field data were taken witH=50 Oe. A pro- to the low-field cluster-glass nature of the samples. For
nounced irreversibility is observed, again indicative of a dissample 3(52% Mrf"), the low-temperature magnetization
ordered state. In our results the irreversibility starts justdoes not saturate at our highest field, and a large hysteretic
below T, which is the typical behavior of a cluster-glass behavior is observed.t® T the measured magnetic moment
phase, whereas in reentrant-spin-glass systems irreversibilitg 2.15«g, much smaller than the predicted value of
occurs far belowr . 3.48ug. This is an additional indication of the spin-glass-

As the field increases the irreversible behavior is reducedike properties of this sample.
and is no longer present &=5000 Oe. Measurements of In order to verify the consistency of our magnetic results,
the ac susceptibility with an applied dc fiel[dot shown  we have performed the same measurements on another simi-
confirm that the frequency dependence/ndisappears with lar series of LaMn@, s samples. The cluster-glass behavior
increasing fields. These results show that the application of af the intermediate-vacancy FM samples, i.e., the frequency-
dc field tends to align the cluster moments, and stabilizes dependent ac susceptibility and the irreversibility in low-field
reversible FM ordered state. In the magnetization results fomagnetization, was confirmed to exist in this second series of
sample 3, shown in Fig.(8), the behavior is quite different. samples.
The magnetization peak is more than two orders of magni- . .
tude lower than in the other samples, and the irreversibility (1)5=0.11
persists with higher applied dc field, which confirms the
standard spin-glass features in the high-vacancy sample. The
difference between the ZFC and FC magnetizations is much
higher in the cluster-glass pha@amples 1 and)Zompared
to the spin-glass phagsample 3, reflecting the presence of
FM order within the clusters:

IsothermalM vs H curves measured at 10 K are plotted in
Fig. 3. For the FM samplegl and 2 the magnetization
saturates at fields of the order of 1-2 T. The saturation val-
ues are 3.7@g and 3.5%g for samples 1 and 2, respec-
tively. The magnetic moment expected from the spin contri-
bution isgSug, whereSis the spin of the ion, which is 3/2
for Mn** and 2 for Mr#*, and the gyromagnetic factay :
=2 in both cases. Taking into account the relative concen- 0 100 200 300
trations of Md* and Mr?* in the compounds, we get an ,
effective moment of 3.7iZg for sample 1(23% Mrf*) and 0 20 40 60 80
3.67ug for sample 2(33% Mrf™). This prediction virtually H (kOe)
coincides with the values observed experimentally, indicat-
ing that the applied field fully polarizes the FM clusters. FIG. 3. Magnetization as a function of field of LaMgQy,
Hysteresis is observed at very low fields, up to about 400 Oemeasured at 10 K. The inset shows low-field data for sample 1. The
as shown for sample 1 in the inset of Fig. 3. This hysteresiarrows indicate measurements increasing and decreasing the field.
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ol ' ' © ©°] level. However, transport measurements showed that all the
LaMnO,; dp@@od"’@c investigated samples of LaMnQ; are insulating, and the
R 5 o777 v appearance of a linear term in the specific heat must be more
“g MG VVWVW"WAAAAAA carefully interpreted. The lattice contribution is given by
E T weass . BT3. A higher-order lattice term proportional & was not
= 91 M soe®®” ] needed to fit the data in the temperature range up to 10 K.
E T The termBT®? is associated with FM spin- itati
0o ® pin-wave excitations.
S W"@ The coefficients is related to the Debye temperatutg and
La CaMnO. (a) the coefficientB to the spin-wave stiffness constabt**
or S O] The fitting parameters obtained for all samples are given
30 60 90 120 in Table Il, and the fitted curves can be seen in Fip) i a
T (K) plot of C vs T. For samples 1 and 26&0.11 and 0.15
. . . . . although the plot ofC/T vs T2 gives approximately straight
LaMnO, lines, a careful fitting procedure confirms the existence of a
600 | 352026 magneticB T2 term. The uncertainty in the coefficients is
. °(2)5=0.15 e_st|mated mostly by varying the f|_tted temperatur_e range. AII
% 51 6_0‘11 fitted curves fall within the experimental data with a maxi-
E 400t e mum dispersion smaller that 0.7% in more than 90% of
2 the points, and no systematic departures from the fitted
5 curves are observed. In sample 8<0.26) we found no
200 contribution arising from a linear ternyT. An upper esti-
mate givesy<0.8 mJ/mol K, obtained using a maximum

: : ' : X fitting temperature above 9 K. Below this range, the inclu-
sion of a linear term in the fitted expression yields negative
TX) . . .
values ofy. By allowing the magnetic contribution to vary as
FIG. 4. () From top to bottom, low-temperature specific heat, BT" we find a best fit wittn very close to the assumed value
plotted asC/T vs T2, for LaMnOs, 5 with =0.26 (circles, 0.15  Of 3/2. Nevertheless, a fitting of comparable quality can be
(down triangle§ and 0.11(up triangle$ and for Lg_,CaMnO,  obtained if one takea=2. Indeed, ar? contribution could
with x=0.11 (squaresand 0.33(diamonds. (b) Plot of Cvs Tfor ~ be expected from anisotropic spin waves, as we are not very
LaMnOs, 5; the solid lines are fitted curves, as discussed in thefar from the A-type AF regime that occurs in the stoichio-
text. metric compound.
One of the most important and unexpected results ob-
IV. SPECIFIC HEAT MEASUREMENTS tained from our low-temperature specific-heat data is the ob-

: o : . servation of a very high linear coefficiegtin samples 1 and
Figure 4a) shows the specific heat of the |nvest|gated2_ In this case, by fitting the data only with linear and cubic

samples plotted a€/T vs T2, in the temperature range of terms we obtain even higher valuesypfPossible origins of
45-15 K. For comparison, measurements on g » 9

Lag o>%1MnO,  a  feromagnetic insulator, and on thl?l’ﬁgngfl;ﬂgqg:r:”:;?Jfgusssie?wiﬁs;\?wvt\ll- increases with
Lag gL 3dMN0O;, a ferromagnetic metal, are also y P D SI9 y

displayed™ The latter has the same Kin content as in the increase of vacancy content in LaMQ. The values

LaMnQOg, s with 6=0.15. However, it is clear from the fig- of fp, in the range 370-500 K, are comparaple to those

ure that the heat capacity is considerably higher mpreviously reported in manganite perovskités:® The

LaMnO; ., as compared to the Casdoped compounds. In ot CEIRS 2 CEERee,(huallf 08 TRl SERED 109
der to interpret these results and evaluate the different con- P y ) 9

tributions to the specific heat, the low-temperature data oiggf{ggq{g ? gflncii jg;fg_eTssng: Ego?gghn?n\:ﬁgiirﬁoglgnzz
each studied sample were fitted to the expression y P '

The large value o), in sample 3, with the highest content
C=T+pBT3+BT32 (1) of Mn**, is close to that observ&tin the AF insulator
Lag 3dCa 6MNO5. This suggests that AF interactions, also
The linear coefficienty is usually attributed to charge carri- present in sample 3, may contribute to a hardening of the
ers, and is proportional to the density of states at the Fermiattice vibrations.

TABLE Il. Fitting results of the low-temperature specific heat of LaMn®. The linear coefficient is
given by y. The Debye temperatum, is obtained from the cubic coefficie@®, and the spin-wave stiffness
constantD is obtained from the magnetic terBirs’2

Sample v (mJ/mol K2) B (mJ/mol K¥) 0p (K) B (mJ/mol K2 D (meVA?)
1 (6=0.11) 23t3 0.193£0.02 369-13 2.1+0.6 7515
2 (6=0.15) 192 0.168£0.02 38715 75-1.0 32+3

3 (6=0.26) 0 0.0786:0.007 49815 21.2+0.2 16.x-0.1
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' ' ' in turn theA S values are also smaller than expected from the
ordering of the spin system. A thorough discussion related to
this “missing” entropy can be found elsewher®.

A£1)5=0.11
v(2)8=0.15
05F °(338=0.26

V. DISCUSSION

From our susceptibility and magnetization data we have
established that the FM phase of hole-doped LaMn®O
samples evolves to a cluster-glass-like state. Several other
manganite compounds present similar behavior when substi-
3 tution occurs in the manganese site. If one takes, for in-
02 St | stance, the standard CMR compouncb_l,&éao_gMnQ3, su_b-

' T (K) stitution of Mn by Co(Ref. 29 or In (Ref. 25 also gives rise
50 100 150 200 to an insulating cluster-glass phase. This suggests that the
T (K) DE interaction, mostly responsible for the metallic FM state
of doped manganites, is inhibited by random disorder in the

FIG. 5. High-temperature(30—200 K specific heat of System. The formation of FM clusters is accompanied by
LaMnOs, 5, plotted asC/T vs T. Results for samples 2 and 3 are Strong charge-localizing effects which yield an insulating
shifted downward for clarity, as indicated by the arrows. The insetstate. Nevertheless, the size of the clusters must be large
shows the temperature derivatid¢C/T)/dT vs T for samples 1 enough for theg, electrons to extend over several sites and
and 2, with the FM transition temperatures indicated. provide the observed FM interaction.

The most striking feature of the specific-heat data for

The magnitude of theBT®? term is also of relevance, samples 1 and 2 is the appearance of an unexpectedly large
providing information on the spin-wave excitations in the linear term, in excess of 19 mJ/mofKalthough the system
compounds. The value of the spin-wave stiffness constarts whole is an insulator with respect to transport properties.
determined for Sample =75 meV &, is approximately It is most important to understand the origin of this anoma-
half of that obtained for LgCa MnO; (D=170 meV &) lous contribution. Compared with the increasing number of
(Ref. 19 and La ;S MnO; (D=154 meV &),?° both in  publications on doped manganite perovskite samples, rela-
the FM metallic phase. The value @ =32 meV & in tively few reports on heat capacity have been presented.
sample 2 is of the same order as in the FM insulatol.ow-temperature data for LaMnOdoped with Ca>*>*®
Lay {Cay ;MNO; (D =40 meV A2) 23 whose insulating char- Sr.'®!"and Ba>'®all in the metallic FM phase, observed a
acter is also interpreted as a disorder effect. This is consistedpecific-heat linear terny in the range of 5-7 mJ/molk
with the fact that increasing disorder should give rise toassociated with conduction electrons. However, few previous
lower values oD, i.e.,"softer” spin waves, as it is expected investigations have reported highvalues in insulating man-
to reduce the strength of the ferromagnetic coupling. Theganite  samples: in the electron-doped system
observation of a magnet®T32 contribution in sample 3, for  Lay :Ca-Mn,0,,%° the authors found/=41 mJ/mol ¥, and
which a spin-glass phase is observed, will be addressed in Ndy 7St 3MnO3,% a value ofy=25 mJ/mol ¥ was ob-
the next section. served. A detailed explanation for this contribution has not

For completeness, Fig. 5 displays the high-temperaturbeen put forward. As already mentioned, our magnetic re-
(30—200 K specific heat of the investigated LaMgQ,  sults clearly allow us to infer that ferromagnetic order in
samples, plotted &8/T vs T. Results for samples 2 and 3 are LaMnOs., 5 develops in regions of limited sizé&lusters,
shifted downward for clarity. Sample 1 shows a smallwhose magnetic moments undergo a spin-glass-like transi-
anomaly associated with the FM transition at 152 K, coin-tion. We will argue now that our heat capacity results are
ciding with the transition temperature obtained from the acconsistent with this picture.
susceptibility. No anomaly is observed in the results for The stoichiometric compound LaMRQ(6=0) has an
samples 2 and 3. The inset shows the temperature derivati@thorhombic crystal structufé which is a distorted form of
d(C/T)/dT for samples 1 and 2. The FM transition in the cubic perovskite structure. The ideal cubic system would
sample 2 is visible in the derivative plot at 143 K, againhave a FM metallic character, with the Fermi energy lying in
coinciding with the susceptibility measurements. Phase trarthe middle of thee, band? The splitting of theey bands,
sitions with a large temperature width often show nodue to the Jahn-Teller distortion, leads to a small gap
specific-heat anomaly, as reportédn the FM insulator (1.5 eV) between the Me: and e? bands. This stabilizes
Lag gCa 10MNO3. For sample 3, a specific-heat anomaly isthe A-type AF order and makes the system a Mott insulator.
not observed even in the derivative plobt shown, as ex- As we dope with holes, Mii ions are created, the perov-
pected for a spin glass. For sample 1, the entropy associatatfite distortion decreases, and the Fermi level drops down
with the FM transition, which can be obtained frodS into the lowest half of the split band. Thus the system be-
=[(CIT)dT, is AS=0.21+0.02 J/mol K. The subtracted comes metallic, with the DE mechanism being responsible
lattice contribution is estimated by excluding the peak regiorfor charge transfer among Mn ions and the consequent po-
from the data, and fitting the remaining data with a sum oflarization of thet,, spins that yield ferromagnetic order.
three Einstein optical modes. The value o8 is about an  However, in nonstoichiometric LaMnQ 5, the disorder in-
order of magnitude smaller than reported on Ca-dopedroduced by random La and Mn vacancies may cause local-
sample$>2! and on other manganite compourfé$®where ization of the electron states close to the band edges. In con-

C/T (J/molK?)
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trast to what happens in the cation-substituted compoundsgoupling, the latter arising from the high Kih content. It is
the disordering effect of Mn vacancies is strong enough fosomewhat puzzling, though, that the dominant contribution
localization to be effective even at high concentrations ofo the specific heat is a term proportional 82, which is
Mn“*. It is worth mentioning that electron localization also usually attributed to spin waves in a long-range FM system.
occurs in metallic manganite compounds. It has beemMowever, according to computer simulations by Walker and
argued® that thee, electrons may be localized in large wave \Walsted?® on a model spin glass, the low-energy excitations
packets due to potential fluctuations arising from cation subare collective modes, even though the local magnetic mo-
stitution and, additionally, by spin-dependent fluctuationsments do not show long range order. Thus, some power-law
due to local deviations from FM order. In LaMgQ; the  behavior of the specific heat with temperature can be ex-
missing Mn ions enhance these random fluctuations, favopected. Linear and quadratic terms are obtained in Ref. 35
ing charge localizatiof? This is more or less related to the for a model metallic spin glass with RKKY interactions, but
Anderson-localization mechanisthand has been previously the actual value of the exponent depends on details of the
interpreted in such term$;** although here interaction ef- distribution of low-lying excitations, and a value of 3/2 can-
fects play a major role. not be ruled out. Alternatively, a slightly poorer fitting of our

It is reasonable to assume that at low vacancy concentratata can be obtained with a nonzero linear term plus a qua-
tion the localization length may be fairly large. Charge car-dratic one. This would bring the results for sample 3 to a
riers can thus hop between a number of Mn ions, whictcloser agreement with Ref. 35, also implying that part of the
actually defines the FM clusters. The electron mobility insidélarge linear coefficient of the specific heat in all samples
the clusters ensures the effectiveness of the DE interactiomight be due to spin fluctuations in the spin-glass or cluster-
giving rise to the observed FM behavior. Furthermore, if theglass regime.
FM regions are not too small, regular spin waves can be
excited inside them, yielding the observ&d? contribution
to the specific heat. This is consistent with the values ob-
tained for the spin wave stiffness in these compounds. In this In this work we have presented measurements of ac sus-
scenario, the electron levels, although localized, are noteptibility, dc magnetization, and specific heat in a series of
largely spaced in energy, allowing for thermal excitationsLaMnO;, s samples with larges values and, therefore, a
that contribute with a linear term to the specific heat as @igh degree of disorder. The aim is to provide a better un-
function of temperature. It remains to be understood why thelerstanding of the role of La and Mn vacancies in the prop-
coefficient of the specific-heat linear term is so large in ourerties of mixed-valence manganites. From our analysis we
results, as compared to other perovskite systems. A numbenay draw two main conclusion§) magnetic measurements
of mass-enhancement mechanisms may be envisaged, lishowed that the previously known FM insulating phase of
magnetic polarons, lattice polarons related to the dynamicahese compounds displays a disorder-induced cluster-glass-
Jan-Teller effect, or Coulomb-interaction effects. However like behavior; (i) the anomalous high specific-heat linear
it is not straightforward to understand why these effectscoefficienty in this case gives evidence of a high density of
would not be equally noticeable in most doped manganitdocalized states around the Fermi level, even though the lat-
compounds. We suggest that the explanation lies in the fagér falls in a region where the states are localized. In sum-
that localization has changed the Fermi level to a region omary, charge localization is enhanced due to disorder in the
high density of states. For instance, it is possible that theystem, and the low-temperature FM insulating state consists
disorder yields an enhancement of the two-dimensional chaef randomly oriented FM clusters, which align in small ap-
acter of the bands, giving rise to a high density of statesplied fields. The carriers, though localized, may hop between
Indeed, band structure calculati®hd* on stoichiometric  several Mn sites to ensure the DE interaction responsible for
LaMnO; revealed sharp features resembling the typical logathe FM order. In the sample with the highest vacancy content
rithmic van Hove singularities of two-dimensional tight- the increased random disorder and the competition between

VI. CONCLUSIONS

binding bands. FM and AF interactions give rise to a spin-glass state.
Sample 3, with the largest vacancy content, shows quali-
tatively distinct characteristics. Nevertheless, its behavior ACKNOWLEDGMENTS
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