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Structural, electric, magnetoresistive, and resonance properties of La,_,Na,MnO,,, sam-
ples synthesized by solid phase reactions have been studied. It is shown that the valence
state of manganese remains essentially unchanged as x increases from 0.08 to 0.16: the
positive charge reduction in lanthanum sublattice caused by the increase in sodium content
occurs due to formation of vacancies either in cation sublattices or in both cation and
anion ones. In addition to magnetically ordered phases, all the samples have been found to
contain the magnetically disordered low-conductive phase even at low temperatures (77 K),
and its amount is greater in the samples with the lower x values. The Curie temperature
(To) for La;, ,Na,MnO,,, system rises monotonically as x changes from 0.08 to 0.16. A
correlation is revealed between the characters of concentration induced changes in T, and
number of vacancies in manganese sublattice. It is shown that, as x changes, the change
character of the unit cell parameters (the diminution in both the cell volume and rhombo-
hedral distortion angle) is also directed towards an enhancement of the ferromagnetic
double exchange interaction and the TC elevation. The magnetoresistance (MR) measured
at room temperature in 15 kOe field exhibits a maximum (20 %) in the samples with x =
0.12. For the samples of this composition, MR(H) dependence is close to the linear one,
which stresses a good utilization prospect of such materials in the magnetic field measure-
ment devices.

WccnenoBaHBI CTPYKTYPHEIE, 9J€KTPUUECKNE, MATHUTOPE3UCTUBHLIE U PE30HAHCHEIE CBOM-
crBa obpasros La,_ Na MnO, +y» CUHTE3WPOBAHHBIX METOAOM TBepHodasHEIX peakiuii. [Ioka-
3aHO, UTO BAJIEHTHOE COCTOAHWE MAapraHIla MPAaKTUYECKM He M3MEHSeTCA IIPU M3MEHEeHWU X
or 0,08 mo 0,16: cHM:KeHUe IOJIOKUTEJNHLHOTO 3apsafa B HOApeIleTKe JaHTaHA IIPU yBeuue-
HUU COJEPKaHWs HATPUS COBEpINaeTcsa 3a cueT ()OPMUPOBAHUSA BAKAHCHUN B KATHUOHHBIX, WU
OJHOBPEMEHHO B KATMOHHBIX M aHUMOHHOU mojpelneTkax. O0HapyKeHO, YTO, KpOoMe MarHUTO-
YIOPSIOUEeHHBIX (ha3, Bce OOpAas3Ibl COAEPIKAT MATHUTHO HEYIIOPAJOUYEHHYIO CJIA0OIPOBOIA-
myio ¢asy make npu Hu3KHX Temmeparypax (77 K), mpuuem ee KoamuecTBO OOJIbIlle B
obpasmax ¢ MeHbIIUM 3HaueHumeMm x. Temmepartypa Kiopm (T;) B cucreme La1_XNaXMnO3+y
MOHOTOHHO Boa3pacTtaeT npu usmeHenuu x ot 0,08 go 0,16. OO0HapyKeHa KOPPEASIInS MeXKIY
BenuuuHaMu pocta T, U YMeHBINeHMA KOJMYecTBa BaKaHCHIl B IofpellleTKe MapraHia.
IToxaszaHno, uTo mpu M3MEHEHHH X XapaKTep H3MeHEeHUs IIapaMeTPOB 3JIEMEHTapHOU SuelKu
(ymeHbIIleHE 00'beMa AYEHKH W yIja poMOOsApuuecKoil medopmaliuy) TaksKe HaIIpaBJIeH Ha
ycujieHue NBOWHOTO oOMeHa u mosbimenue T,. Marauroconporusnenue (MC), usmepennoe B
mosie 15 KO mpm KOMHATHOM Temmepatype, umeer makcumym (20 %) B obpasmax ¢ x = 0,12.
Hnst o6pasioB sToro cocraa zaBucuMocTb MC(H) Giumska K JUHEHHOMW, UTO IIePCIeKTUBHO
IIJIST UCIIOJIb30BAHUSA TAKUX MATEPHAJOB B YCTPOMCTBAX A/ M3MEPEHUS MArHUTHOT'O IIOJIA.
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An intense research interest in complex
oxides based on lanthanum manganites
(La,M)MnO5 (M is a mono- or divalent ele-
ment) is associated with the discovery of
colossal magnetoresistance effect (CMR) and
good prospects of its utilization in magne-
toelectronic devices [1, 2]. The CMR in
doped manganites results from a competi-
tion between oppositely directed interac-
tions among aliovalent (differing in va-
lence) manganese ions [2]. So, so-called dou-
ble exchange, i.e. electron transfer between
Mn3* and Mn#* through the oxygen anions,
favors simultaneous appearance of ferro-
magnetism and metal-like conductivity
[1-3]. At the same time, a series of other
effects (electron-phonon interaction, antif-
erromagnetic superexchange, charge and or-
bital interactions) oppose establishment of
the ferromagnetic ordering and favor the
charge carrier localization [2]. If the double
exchange dominates over the other interac-
tions, both the paramagnetic-ferromagnetic
and insulator-metal transitions occur almost
simultaneously as the temperature de-
creases, resulting in a high sensitivity of
electric resistance to magnetic field in the
vicinity of the Curie temperature T [1-3].

To be suitable for competitive applica-
tions (magnetic field measurement devices,
magnetic sensors, reading elements for de-
vices of ultra-high density magnetic record-
ing, etc.), the CMR materials should be
highly sensitive to magnetic fields and have
Tc close to room temperature. The Curie
temperature value depends mainly on the
manganese formal charge (MnFC), i.e. on
the mean ionization state of manganese
which, for the doped manganites that con-
tain Mn only in 3+ and 4+ states, is deter-
mined by the fraction of Mn4* ions. So, an
increase in Mn#* content from 15 to 40 %
of the total manganese amount (here and
below, we imply atomic percentage) gives
rise to T, elevation from 180 to 360 K [3].
The Mn ionization state can be tuned by vari-
ation of the oxygen non-stoichiometry or by
aliovalent substitutions in cation sublattices.
To date, it is just the La3*,_ ,M2* MnOj that
is the most comprehensively studied man-
ganite system, where M2* is an alkaline-
earth element (AEE) [2-T7]. By contrast,
very few works are devoted to investigation
of the alkaline elements (AE) substitution
for lanthanum. Taking into account the dif-
ferences in both the valence states and ionic
radii between AE and AEE, additional in-
formation on the role of both the MnFC and
structural changes should be expected to re-
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sult from introduction of AE ions into lan-
thanum sublattice. Among all AE ions, the
ionic radius of sodium (Ryyq+ = 1.39A) is
closest to that of lanthanum (R 3+ =
1.361&) [8], which allows minimizing the
local structural perturbations in lanthanum
sublattice of La;_,Na,MnOgz,, system and
makes it possible to concentrate on the role
of MnFC and other factors.

The studies of La;_,Na,MnQOs3,, solid solu-
tions in [9, 10] were limited to x = 0.10 or
x =0.10 and 0.30, respectively. According
to [10], the T, of the ceramic samples is
highly sensitive to the heat treatment re-
gimes. To date, however, there is no un-
equivocal opinion about the optimal heat
treatment parameters: using the solid phase
reaction method, the single phase Na doped
manganites were obtained at temperatures
from 1290 [11] up to 1470 K [12-14], but
the materials prepared differed strongly in
properties. Among other factors, the appre-
ciable volatility of sodium at high tempera-
tures also contributes to the ambiguity
concerning boundaries of the regions for
the La; ,Na,MnOg,, solid solutions exist-
ence: x < 0.2 [15], x <£0.25 [11], x < 0.30 [10-
13]. The authors [14] succeeded in achieve-
ment of the upper limit for the single-phase
solid solution, namely, x = 0.40, by using
sintering of the powders containing excess
Na.

In most papers, La;_,Na,MnOs,, solid so-
lutions were reported to be crystallized in
the R 3¢ rhombohedral space group [10-15].
At the same time, there were reports that
the rhombohedral character of distortions
occurs only at x 0.15 for Nd,_,Na,MnO4
[16] and x > 0.065 for La;_,Na,MnOs,, [17],
whereas at lower x values, typical is the
orthorhombic structure. It was pointed out
in [18] that, as there exist vacancies at lan-
thanum or oxygen sites, the materials have
R 3c structure, high values of Ty and mag-
netoresistance, whereas at high concentra-
tion of vacancies at manganese sites, orthor-
hombic Pbnm structure and activated behav-
ior of electric resistance R (dR/dT < 0) take
place. According to [15], a decrease in the
positive charge of lanthanum sublattice, oc-
curring at substitution of Na for La, causes
no changes in the Mn2* charge state, but
enhances the occupancy degree of manga-
nese sites. It is noteworthy that in most
papers dealing with La, ,Na,MnOs,, no
data have been reported on the magnetore-
sistive response of these materials, a pa-
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rameter of particular importance for their
practical applications.

The magnetic behavior as well as fea-
tures of the relationship between electric
and magnetic properties of La;_,Na,MnOs,
compounds were studied in detail in [13].
To explain the results of magnetic and elec-
tric measurements, the authors employed a
hypothesis stating that the magnetic state
of La;_,Na,MnOs,, samples is inhomogene-
ous and that three phases, namely ferro-
magnetic metallic (FM), ferromagnetic insu-
lating (FI), and nonmagnetic one, coexist
within the sample volume. However, there
is no direct confirmation of the existence of
those phases. The aim of this work is to clar-
ify the effect of both the Na doping level and
the crystal structure defectiveness on magne-
toresistive characteristics and magnetic phase
composition of La; ,Na,MnOs,, samples in
the composition range where ferromagnetic-
to-paramagnetic transition point is near
room temperature.

The samples for this investigation were
prepared by solid state reaction using ap-
propriate mixtures of extra purity grade
La,0; and Mn,O3, and reagent grade
Na,COj, dried preliminarily at 1120 K,
920 K, and 520 K, respectively. The
stoichiometric amounts of starting reagents
were mixed and homogenized for 6 to 8 h
by ball milling in distilled water. After
evaporating the residual water, the mix-
tures were dried at 380-400 K and passed
through a caprone sieve. After preliminary
annealing (1170 K, 4 h), wet homogenizing
millings were repeated. After adding aque-
ous solution of polyvinyl alcohol as the
binder, the powder was pressed into disks of
10 mm in diameter and 3—4 mm in thickness,
which were then sintered for 2 h at 1440 K.

The Mn3* and Mn#* contents were deter-
mined by titration with iodine thiosulfate
solution. Iodine in the potassium iodide so-
lution was replaced by chlorine resulting
from the dissolution of a weighed mangan-

ite sample in hydrochloric acid [20]. Na
content was determined by flame photome-
try using dissolved manganite samples. De-
tails of the X-ray and electric studies are
described in [23]. Magnetoresistance was
measured in fields up to 15 kOe and was
determined as (p — p g)/pP, where p is resis-
tivity in zero magnetic field, and pg, in the
external field H.

In this work, we have studied
La;_,Na,MnOs,, solid solutions with x = 0.08,
0.10, 0.12, 0.14, and 0.16. Chemical analy-
sis of the samples has shown that absolute
losses of sodium, Ax, increase in proportion
to x. At the same time, relative losses,
Ax/x, are almost the same for all x values
and vary within the range of 23 to 27 %.
Absolute and relative sodium losses, the
content of manganese (Mn;,,,;) being in dif-
ferent valence states (Mn3* and Mn#*), man-
ganese formal charge MnFC as well as oxy-
gen non-stoichiometry coefficient y, as re-
sulting from the chemical analysis of
La;_Na,MnOg,, samples, are presented in
Table 1. It is seen that a lowering of the
positive charge in lanthanum sublattice, oc-
curring upon substitution of Na for La,
does not result in a MnFC increase, in ac-
cordance with earlier findings [15, 19, 21].

The detailed studies of the doped man-
ganite structure where oxygen content devi-
ates from the ideal stoichiometric wvalue,
have shown that formation of manganites
having deficiency and excess of oxygen oc-
curs in different ways. So, Las_,Na,MnOg,,
manganites with a negative y value contain
vacancies in oxygen sublattice, the number
thereof is equal to y. On the contrary, oxy-
gen excess with regard to the ideal
stoichiometric value results in formation of
vacancies in cation sublattices, and thus,
for La;_,Na,MnOg,, compounds with y> 0,
(Lay_yM,Mn),_sO3 formula is more appropri-
ate [15, 24—-26]. Basing on the analysis of
the data of neutron scattering and X-ray

Table 1. Absolute (Ax) and relative (Ax/x) sodium losses, content of Mn,, ., Mn3* and Mn?*,
manganese formal charge MnFC, and oxygen non-stoichiometry coefficient y resulted from chemi-

cal analysis of La1_XNaXMnO3+y samples

x Ax Ax/x Mn, 0 % | M3, % | Mn**, % MnFC y
0.08 0.0216 0.27 23.6 16.1 7.5 3.32 0.068
0.10 0.0240 0.24 23.9 16.5 7.4 3.31 0.043
0.12 0.0288 0.24 24.2 16.9 7.3 3.32 0.016
0.14 0.032 0.23 24.4 17.1 7.3 3.33 -0.006
0.16 0.039 0.24 24.6 17.7 7.6 3.31 -0.027
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diffraction, the authors of [24—26] conclude
that at y> 0, the vacancies are distributed
almost equally between the lanthanum and
manganese sublattices, and their number,
Ny, in each sublattice can be estimated as
Ny = y/(3+y). The vacancy numbers for each
of the sublattices in La;_,Na,MnOs,, calcu-
lated according to this procedure are shown
in Fig. 1. As is seen, Ny in lanthanum
sublattice is rather great (~0.04) for all x
values. In manganese sublattice, the corre-
sponding number is maximal in
Lag goNag ggMnOg,,; as x grows, Ny de-
creases and reaches zero at x = 0.14. On
the contrary, the number of vacancies in
oxygen sublattice differs from zero only
in the samples with x = 0.14 and 0.16. The
total number of vacancies (Ny;,,,;) is minimal
at 0.12 < x £ 0.14, which is shown in inset of
Fig. 1.

The x-ray diffraction studies have shown
that the synthesized materials are single-
phase ones and their structure is charac-
terized by the rhombohedrally distorted (R
§c) perovskite cell. The results of the struc-
tural parameters refinement for the sodium
doped lanthanum manganites are presented
in Table 2. The tolerance factor ¢ was deter-
mined as
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Fig. 1. Number of vacancies in lanthanum,
manganese and oxygen sublattices as a func-
tion of the nominal sodium content, x. Inset
shows total amount of vacancies in all the
sublattices.

- R, + Rg (1)
V2 (Ry, + Eo)’

where ELa’ EMn’ and EO are mean ionic radii
in lanthanum, manganese and oxygen sublat-
tices, respectively. For calculations, the follow-
ing radii values were used: Ry 3+ = 0.65A,
Rpings = 0.54A and Ry, = 1.4A [8]. The tol-

Table 2. Structural parameters of La1_xNaanO3iy manganites

x 0.08 0.10 0.12 0.14 0.16
Unit cell parameters
a(A) 5.5206(2) 5.5190(3) 5.5157(2) 5.5102(2) 5.5084(4)
c(A) 13.3416(3) 13.3414(4) 13.3436(3) 13.3400(3) 13.3393(6)
V(A3) 352.13(2) 351.93(3) 351.56(2) 350.77(2) 350.52(4)
c/a 2.4167 2.4174 2.4192 2.4210 2.4216
Positions of oxygen ions
xp/a 0.456(2) ‘ 0.454(3) ‘ 0.452(2) ‘ 0.454(2) 0.445(2)
Interatomic distances (A)
Mn-O 1.959(1) ‘ 1.960(2) 1.961(1) ‘ 1.958(1) 1.960(2)
Mn—O—Mn angle (degrees)
165.4(4) ‘ 164.8(5) 164.2(2) ‘ 164.8(4) 163.5(6)
Tolerance factor
t 0.9548 ‘ 0.9550 ‘ 0.9548 ‘ 0.9554 0.9523
Agreement factors
Rb (%) 5.26 3.86 5.48 5.33 6.86
Rf (%) 7.50 4.53 7.09 7.28 7.84

Note: Atomic positions in the R 3¢ structure: La 6a (0 0 1/4); Mn 6b (0 0 0); O 18e (xy 0 1/4).
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Fig. 2. Temperature dependences of resistiv-
ity (a) and magnetoresistance (b) for
La1_XNaXMnO3+y samples.

erance factor describes quantitatively the
deviation degree of a lattice from the ideal
perovskite one, where t = 1. As is seen from
Table 2, independent of the x value, there is
no noticeable changes in ¢, Mn-O bond
lengths and angles in Mn—-O-Mn chain, in
compliance with the chemical analysis re-
sults stating that for La; ,Na,MnOg,, sys-
tem, the changes in the manganese valence
state are negligible within the range

0.08 < x <0.16.

Fig. 2 shows temperature dependences of
resistivity and magnetoresistance for
La;_,Na,MnOs,, samples. The p(T) depend-
ence shows a maximum, its temperature,
T, , rises with increasing sodium content. In
tfll)e low temperature region (T < Tp), the
temperature coefficient of resistance ex-
ceeds zero (dp/dT > 0, metallic character of
conductivity), that is characteristic of the
ferromagnetic state of manganites. At high
temperatures (T > Tp), the conductivity is
of activation type (dp/dT < 0) which is gen-
erally observed in the paramagnetic state of
manganites [2, 3]. Analysis of the tempera-
ture dependences of magnetoresistance can
provide more precise information about
magnetic state of the samples. The peak on
the MR(T) curve is associated with a transi-
tion from para- to ferromagnetic state. An
additional contribution to magnetoresis-
tance which becomes especially evident in
low temperature region is associated with
the spin-dependent charge transfer across
the regions which are structurally and mag-
netically disordered [27—29]. In most cases,
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Fig. 3. Magnetoresistance vs field depend-
ences at 77 and 297 K.

the Curie temperature coincides with that
of the peak in MR(T) curve, and in this
work, T, was defined as the peak tempera-
ture on MR vs T dependence. A consider-
able deviation of T, from T, for the sample
with x = 0.08, as well as the double-peak
character of p(T) dependence for x = 0.10
evidence the high magnetic inhomogeneity
of these materials [30].

In Fig. 3, compared are dependences of
MR on magnetic field H for the manganites
with x = 0.08 and 0.12. At T = 77 K, MR(H)
curves exhibit a kink near H,.= 1.5 kOe,
whereas at H < H,, and H > H,,, magne-
toresistance is almost linear function of
magnetic field. In doped manganites, such
character of MR(H) behavior is an evidence
of the FM phase coexistence with other one
which is simultaneously magnetically disor-
dered and low-conductive or insulating [2,
27-29]. The latter phase is mainly concen-
trated near intergrain boundaries or vacan-
cies. At high fields (H > H,,), the main
contribution to magnetoresistance is due to
the former phase, whereas the low-field
component (LFMR) is caused by spin-polar-
ized tunneling or spin-dependent scattering
of charge carriers at the regions of reduced
conductivity and provides indirect informa-
tion on the amount and features of low-con-
ductive inclusions [27-29]. For
Lag goNag ogMnO5,,, sample, the value of
LFMR determined by extrapolating of the
MR(H) curves from a high field region to
H =0, equals 14.3 %. As x increases to
0.12, LFMR is lowered to 11.8 %, and then
remains almost constant upon further in-
crease in x. These data give additional evi-
dence that amount of the magnetically dis-
ordered phase decreases with a rise in x, in
full compliance with the results of electric
measurements (see Fig.1). At T =297 K,
the magnetoresistance measured in 15 kOe
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Fig. 4. Curie temperature as a function of the
nominal sodium content.

magnetic field shows a maximum (20 %) in
the sample with x = 0.12. For this composi-
tion, the MR vs H dependence is almost lin-
ear (see Fig. 2). Deviation of x from 0.12
gives rise to both a decrease in MR and in-
crease in nonlinearity of MR(H) curves. It is
noteworthy that, for the bulk samples of
other doped-manganite-based systems, the mag-
netoresistance at room temperature does not
exceed 8-15 % in fields up to 15 kOe [2, 23].
Accounting for a high degree of the MR(H)
linearity in Lao_gsNa0_12MnO3+Y samples, such
materials can be used in sensing elements of
magnetic field measuring devices.

Despite the fact that MnFC is almost con-
stant, the Curie temperature increases
monotonically as x grows from 0.08 to 0.16
(Fig. 4). To understand better a reason for
such the behavior of the Na-doped mangan-
ites, we carried out NMR studies on manga-
nese nuclei. The analysis of such spectra
can give more detailed information about
the magnetic phase composition and inho-
mogeneity in La;_,Na,MnOj,,. It is known
that, when placed in magnetic field H s, a
nuclear spin performs a precession around
an axis coincident in direction with that of
H ¢t and thus, using the magnetic reso-
nance technique, it is possible to determine
the corresponding resonance frequency. For
magnetically ordered media, H,; is the sum
of external and internal magnetic fields.
The NMR spectra on manganese nuclei
measured in zero external field provide the
information on local environment and va-
lence state of magnetically ordered Mn ions
[81-34]. This results from the fact that the
nuclear spins are coupled with surrounding
electron moments through the hyperfine
field By, = (21/y)A<S>, where Yy is the gyro-
magnetic ratio having the value depending
on the nucleus type; A, the hyperfine inter-
action constant; and <S> is the mean value
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Fig. 5. NMR spectra for La1_XNaXMnO3+y sam-
ples with x = 0.08, 0.12, and 0.16.

of the ion electron spin of [31, 32]. For
Mn#* ions (S = 3/2) with the t2g3 electron
configuration, the ground state is the SF
singlet, and this results in zero spin-dipole
contribution to hyperfine interaction. In
this case, By, which is due to the Fermi
contact interaction [31-34], is practically
isotropic and gives rise to a relatively sharp
NMR line centered near 325 MHz at low
temperatures (~5 K) [31-36]. Hyperfine
field on Mn3* ions (S = 2) has a substantial
anisotropic contribution from the spin-di-
pole field of d,2 /2 or dg,%_ 2 orbital states,
and this results in a distribution of the
NMR frequencies in a wide range from 370
to 430 MHz [31-36]. For the case where a
fast movement of electron from a Mn3* ion
to the neighboring Mn** one occurs, the hy-
perfine fields on the manganese nuclei are
averaged out, with relative contribution
from Mn3* and Mn#* ions being dependent
on their concentrations. If manganese ions
are ferromagnetically ordered, the lines shift
towards a low frequency side and their inten-
sity is reduced with the temperature rise.
Fig. 5 shows NMR spectra at 77 K for
La;_,Na,MnOg,, with x = 0.08, 0.12, and
0.16. The complex shape of the spectra indi-
cates that there are several processes that
make contributions to the resultant curve.
For all the samples, the spectra are well
described by a superposition of three Gauss-
ian lines. An attempt to limit the decompo-
sition only to two lines has given unsatis-
factory results. The position of the most
intense peak F1 corresponds to the fre-
quency at which the nuclear magnetic reso-
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Fig. 6. Dependence of the F1 linewidth on x.
Inset shows resonance frequencies of the F1,
F2 and F3 lines as functions of x.

nance was observed at 77 K in other man-
ganites with MnFC 3.3 [31-36]. This evi-
dences that the peak F1 belongs to the FM
phase, for which hyperfine fields are aver-
aged out due to the fast motion of electrons
between the manganese sites. Two other
peaks can be ascribed to localized states of
the tri- and tetravalent Mn ions belonging
to the F phase, its appearance in
La,_,Na,MnOs,, samples being predicted in
[13]. For each line, both the position and
relative intensity change only slightly with
changing x, thus indicating that the proper-
ties of the magnetically ordered phases co-
existing within a sample volume are practi-
cally independent of the sodium content. As
is seen from inset in Fig. 6, for each line, a
maximum frequency deviation observed
upon x variation does not exceed 4 MHz.
These data, while agreeing well with the
chemical and X-ray structure analysis re-
sults stating that MnFC is almost inde-
pendent of the sodium content, do not ex-
plain the ascending character of the T, vs x
dependence. The only parameter that is var-
ied essentially with x is the width of the line
corresponding to the FM phase: AF; decreases
as x changes from 0.08 to 0.12 and increases
upon further rise in x (Fig. 6). The AF; vs x
dependence correlates with the behavior of
the total number of vacancies, Ny;,,,(%),
and these data show that at 77 K the FM
phase is quite well homogeneous in mangan-
ites with x = 0.12 and less homogeneous in
the rest of the samples. These changes,
however, are not so essential to be able to
explain the whole complex of the magne-
totransport properties of the Na doped man-
ganites, especially at x < 0.12.
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It was noted above that the NMR spectra
obtained in the absence of any external
magnetic field provide information only on
the properties of the magnetically ordered
phases. However, it follows from the
MR(H) dependences that already at 77 K all
the samples contain the magnetically disor-
dered low-conductive phase and the smaller
is x, the higher is its content (see Fig. 2).
Taking into account the results of both
chemical analysis and NMR studies, the
same conclusion follows from the analysis
of resistivity behavior: at constant MnFC
and insignificant parameter change of mag-
netically ordered phases, the increase in the
absolute p value at x lowering is only possi-
ble if the amount of the magnetically disor-
dered low-conductive phase increases. In
compliance with this picture is also the be-
havior of the temperature dependence of re-
sistivity evidencing the highly inhomogene-
ous magnetic state of the samples with
x<0.12.

Returning now to Fig. 1, we can see that
in the samples with x < 0.12, the total num-
ber of vacancies increases with x and that
the most part thereof is localized in the
manganese sublattice. Taking into account
the fact that the Curie temperature of a
ferromagnet is reduced as the number of
magnetic ions in the nearest neighborhood
of a specific ion decreases [2, 13], the re-
duced T values should be expected in the
vicinity of the vacancies in manganese
sublattice. For this reason, as x decreases in
La;_,Na,MnOg,, samples with x <0.12, the
following processes are expected to occur:
the magnetic transition becomes broadened,
the amount of the magnetically disordered
phase gets increased, and, thus, the mean
T value is reduced. It is just this picture
that is observed in experiment: the concen-
tration dependences of T, and number of
vacancies in manganese sublattice correlate
well with each other. It is pertinent to note
that oxygen ions also play an important role
in exchange interactions between the man-
ganese ions. However, for the samples
under investigation, T depends slightly on
the number of the oxygen vacancies. Such
an effect may be caused by the fact that the
relative amount of the wvacancies is far
smaller in oxygen sublattice than in manga-
nese one.

A correlation between the number of va-
cancies in manganese sublattice and Curie
temperature was observed in [13] devoted to
investigation of Na-doped manganites. The
authors also pointed out that, although
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MnFC keeps constant with the increasing
sodium content, the change character of the
unit cell parameters (decreasing both the
cell volume and rhombohedral distortion
angle) is also directed towards enhancement
of the double exchange interaction and T,
elevation. For the samples studied in the
present work, the change character of the
unit cell parameters agrees with the results
of [13]. However, the size of these changes
does not exceed 0.5 % as x increases from
0.08 to 0.16. It should also be noted that at
constant MnFC, the change of the unit cell
parameters is a result of the vacancy con-
centration change, and thus that of Ny,
particularly in Mn sublattice, is thought to
be the actual origin of the strong depend-
ence of Ty on x. This idea agrees with the
data obtained on the manganites of other
systems. So, investigation of the oxygen
nonstoichiometry parameter, y, effect on T
of La0_8158r0_185MnO3+y (V O) samples has
shown that the increase in y/(3+y) ratio by
1.6 % results in T, lowering by 10 % even for
the case where T should increase due to the
change in MnFC [37].

To conclude, the structure of La; ,Na,MnOs,,
samples synthesized by the solid phase
method is characterized by rhombohedrally
distorted perovskite cell. The valence state
of Mn remains essentially unchanged as x
varies from 0.08 to 0.16: the reduction in
the positive charge of lanthanum sublattice
caused by the increase in sodium content
occurs due to the formation of vacancies
either in cation sublattice or in both cation
and anion ones. The number of vacancies in
manganese sublattice is concluded to be
ishes with increasing x and reaches zero at
x = 0.14. The number of vacancies in oxy-
gen sublattice differs from zero only in the
samples with x = 0.14 and 0.16. NMR spec-
tra on the manganese nuclei are well de-
scribed by a superposition of three lines
corresponding to different magnetically or-
dered phases. The most intense peak F1 be-
longs to the FM phase where hyperfine
fields are averaged out due to the fast mo-
tion of electrons between the neighboring
manganese sites. Concentration dependence of
this peak width correlates with the behavior
of the total amount of vacancies and exhibits
a minimum in the manganites with x = 0.12.
It is shown that the change in properties of
the magnetically ordered phases is insuffi-
cient to explain the whole complex of the
magnetotransport properties of Na doped
manganites, especially at x < 0.12.
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It follows from the MR(H) dependences
that all the samples contain a magnetically
disordered low-conductive phase and its
amount is greater in the samples with lower
x values. It is shown that the rise in abso-
lute resistivity value occurring as x in-
creases is also associated with the increase
in the amount of the magnetically disor-
dered low-conductive phase. The behavior of
the resistivity temperature dependence evi-
dences a high magnetic inhomogeneity of
the manganite samples with x <0.12. It is
concluded that inhomogeneous magnetic
state especially characteristic of the sam-
ples with smaller x values is caused by the
increased amount of vacancies in manganese
sublattice. The Curie temperature in the
Lag goNag ggMnO3,, system increases mono-
tonically as x changes from 0.08 to 0.16. A
correlation is established between the char-
acter of concentration-induced T, changes,
on the one hand, and Ny in manganese
sublattice, on the other hand. It is shown
that the change character of the unit cell
parameters (decrease in both the cell vol-
ume and rhombohedral distortion angle) is
also directed towards the enhancement of
double exchange and T elevation. The data
are presented which show that the contribu-
tion to the T, increase caused by the Ny,
change in manganese sublattice is more im-
portant than that caused by the change of
the unit cell parameters. Magnetoresistance
measured at room temperature in 15 kOe
field exhibits a maximum (20 %) in the
samples with x = 0.12. For the samples of
this composition, MR(H) dependence is
close to the linear one, which stresses good
prospects for utilization of such materials
in the magnetic field measurement devices.

This work has been supported in part by
the Science and Technological Center in
Ukraine, Project No. 3178.
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Boaus pedeKTHOCTI KPHCTAJIYHOL CTPYKTYPH Ha
MAaArHITHMH CTaH JIeTOBAHHX HATPi€eM MaHTaHITIB JaHTaHY

0O.1.Toecmonumxin, A.M.Ilozopinuii, B.B.Komos,
A.I'.Binoyc, O.1. B’'onos

JlocaimKkeHO CTPYKTYPHi, €JIeKTPUYHi, MarHiTOpe3uMCTMBHI Ta pPE30HAHCHI BJIACTUBOCTI
3pasKiB La1_XNaXMnO3+y, CHHTE30BaHMX METOIOM TBepaodasHuUX peakiiii. IlokasaHo, 110
BaJIGHTHUII CTaH MapTraHI[l0 NPAaKTUYHO He 3MiHMeThca mpu 3mini x Bim 0,08 mo 0,16:
3HUIKEHHA IIO3UTUBHOTO 3apsaAy B IiATrpaTIi JaHTaHy Opu 30iJbllIeHHI BMicTy HaTpiro Big0y-
BaETbCA 3a PAxXyHOK (opMyBaHHSA BaKaHCili y KaTiOHHHX, ab0 OJZHOYACHO y KaTiOHHUX i
aHioHHiN migrparkax. BuaBieHo, 1110, KpPiM Mar"HiTHO BIOpPAJKOBaHUX (a3, BCi 3pasKu
MiCTATHh MArHiTHO HEBIOPAIKOBaHY cJIA00ONpOBiAHY a3y HaBiTh IPU HUBBKUX TEeMIIEpaTypax
(77 K), mpuyomy ii KinbkicTh OinbIlla y 3paskax i3 MeHIIMM 3HaUeHHAM X. Temieparypa
Krwopi (Ty) y cucremi La1_XNaXMnO3+y MOHOTOHHO 3pocrtae mpu 3Mmiui x Big 0,08 mo 0,16.
BcranosieHo Kopesaniio Misxk BelnunHaMu 30iabireHHA T i 3MEHIIEHHA KITbKOCTI BaKaHCi
y migrparii maprasimio. IlokasaHo, 110 IIpu 3MiHiI X XapakTep 3MiHM IIapaMeTpiB eJeMeHTap-
HOI KoMipKU (3MeHIIIeHHs 06’eMy KOMipKH i Kyra pomGoenpuunoi medopmaririi) Takox cmps-
MOBAHUH Ha IIiJICHJIEHHA NOABiWHOrO 00MiHy i migsumenna T,. Maruiroonip (MO), Bumips-
Hu#i npu KimuaTHi#i Temmeparypi B moxai 15 kKE, mae makcumym (20 %) y 3spaskax 3
x = 0,12. Ona 3paskiB mporo ckjyaxy sanexxkHicts MO(H) O6nusbKa Oo JiHilMiHOI, IO € IIep-
CIIEKTUBHUM JIJII BUKODPHCTAHHSA TAKMX MAaTepiajiB y IPUCTPOAX IJA BUMipIOBAHHSA MarHiT-

HOT'O IIOJIA.
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