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The electron-doped magnetic nanoparticles of Ca,;_ Y, MnO; (x = 0, 0.05, 0.10, 0.15, 0.20,
and 0.30) manganite with an average particle size of 50 nm are analyzed and discussed in rela-
tion to their bulk counterparts. Nanoparticle samples show dominant anti-ferromagnetic or-
dering with a significant increase of coercivity, with the maximum value of 0.9 T for x = 0.
Particle size reduction in Ca,;_.Y,MnOj retains the bulk-like magnetic behavior of samples
having up to 15% of Y3+, with the small ferromagnetic contribution from disordered surface
spins. Suppression of charge ordering state and enhancement of saturation magnetization
were found in samples with higher Y3+ concentration (x = 0.2, 0.3), indicating high ferro-

magnetic contribution in these samples.
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INTRODUCTION

The application potentials of materials known as
rare earth (RE) manganites are multiple, ranging from
magnetic data storage technology to cathode materials in
high temperature solid oxide fuel cells [1, 2]. Less known
is that manganites have recently came under consider-
ations as bolometric radiation detectors, where they can
be used as sensors for various forms of radiation from in-
frared to high energy synchrotron radiation [3, 4], and as
a shielding blocks from low frequency electromagnetic
interference in sensitive measuring devices [5].
Bolometric application of manganites is based on a
strong coupling between magnetic ordering and conduc-
tance that becomes steeply sensitive to temperature
change near the phase transition point. Their main ad-
vantage over standard bolometric sensors is in the possi-
bility to tailor magneto resistive properties by manipulat-
ing their chemical composition, thus enabling their use in
a wide temperature range, from above room temperature
down to 70 K and lower.

Among RE Ca; , MnO; RE manganites, most of
scientific attention has been dedicated to hole-doped
or half-doped materials (x > 0.5). Nevertheless, inter-
est in electron-doped systems is also significantly en-
hanced during the last decade, due to the complex role
that doped electrons appear to have in magnetic and
transport properties, particularly within the 0 <x <0.3
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concentration range. Recent comparative research on
transport and magnetic properties of CaMnO; doped
with non-magnetic RE ions (La, Y, Ce) revealed that,
unlike conductivity, magnetic behavior is not entirely
dominated by carrier concentration, but the structure
factor also plays an important role [6]. It is, therefore,
of specific interest to investigate the influence of parti-
cle size reduction on magnetic properties of these ma-
terials. Yet, in contrast to bulk material, systematic
studies on magnetic properties of nanoparticle elec-
tron-doped manganites in a wider doping range are ex-
ceptionally scarce. Only recently, Wang and Fan [7]
have reported such study on lanthanum-doped nano-
particle Ca;_ La MnO; (0 <x <0.25).

This work represents the continuation of research
on nanoparticle Ca;_, Y MnO; (average particle size of
50 nm, 0 < x < 0.30), for which the detailed structure,
microstructure and morphology study is reported in [1]. In
contrast to nanoparticle Ca,;_LaMnO;, yttrium-doped
compounds Ca,_ Y MnO; are so far studied exclusively
in their bulk form [8-11] and, to the best of our knowledge
this is the first such study regarding magnetic properties of
their nanoparticle counterparts.

METHODS AND PROCEDURES

The preparation of Ca,_, Y MnO; samples with
nominal yttrium concentration x = 0, 0.05, 0.10, 0.15,
0.20, and 0.30 was done by modified glycine-nitrate
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method (MGNP). The detailed synthesis procedure for
these samples, their morphology and structural charac-
terization has been previously described elsewhere [1].
The samples were found to be single phase solid solu-
tions with the average crystallite size of 50 nm and large
effective surface [1].

The characterization of magnetic properties in
this work was done by Quantum Design XL-5
SQUID-based magnetometer. The magnetization was
measured in constant (DC) magnetic field and in alter-
nating (AC) magnetic field, in the temperature range
between 5 K and 300 K. DC magnetization measure-
ments were done in magnetic fields 20-1000 Oe
(1 Oe = 10* T), while AC measurements were per-
formed in alternating field of 2 Oe amplitude (in the
zero DC field) and at frequencies of v=0.1 Hz, 1 Hz,
and 1000 Hz. The magnetic hysteresis measurements
were carried out in the -5 T<H <5 T field range, at 10
K.

RESULTS AND DISCUSSION

Magnetization vs. field measurements M(H) of
nanoparticle samples recorded at 10 K (fig. 1) reveal
strong dependence of coercivity, saturation and rem-
nant magnetization on Y3* concentration. The basic
characteristic of recorded hysteresis loops is the ab-
sence of magnetic saturation up to 5 T and almost lin-
ear M(H) dependence above 3 T, which point to the
dominant anti-ferromagnetic (AFM) interaction in all
samples.

The coercivity H of nanoparticle samples (fig.
1, upper inset) shows large values compared to the
bulk counterpart, and also reveals the sharp depend-
ence on electron concentration. Though the enhance-
ment of magnetic anisotropy is frequently found in
nanoparticle materials, in the case of nanoparticle
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Figure 1. Magnetization vs. magnetic field at 7= 10 K,
with the concentration dependence of coercivity (upper
inset) and saturation magnetization M, (lower inset)*

* Magnetization is expressed in emu (electromagnetic unit)
per gram, | emu = 10° Am?

Ca;_.Y,MnO; this increment is exceptionally large,
contrary to what was observed in nanoparticle
Ca;_La MnO; [7]. The largest coercivity found in
this study was for sample with x = 0 and its value is
9000 Oe, and the smallest value of 2500 Oe was mea-
sured for x = 0.3.

The concentration dependence of saturation mag-
netization Mg(x) (fig. 1, lower inset) displays the slope
that approximately resembles the one found in bulk
Ca;_.Y MnO; or in bulk Ca;_LaMnO; compounds
[8-13]. When compared to bulk, a mild enhancement of
Mg was noticed for lower concentrations (x = 0.15).
This is similar to observations made for nanoparticle
Ca,_La MnOs; [7], and suggests that intrinsic magnetic
behavior in this concentration range is similar to that of
the bulks, but with the addition of small ferromagnetic
(FM) contribution originating from partially disordered
surface spins, which are believed to form FM clusters
[7, 12, 13]. In the bulk material FM clusters disappear at
higher doping concentration and are suppressed by
charge ordering (CO) state, observable as characteristic
peak in field cooled (FC) measurements of M (T) de-
pendence [9]. Our M (T) measurements in FC regime
demonstrate the absence of CO state in samples with x
> (.15 (fig. 2), these samples also show notable (3-4
times) larger Mg values in respect to their bulk counter-
parts. Analog suppression of CO state in nanoparticle
Ca,_La MnO; was also observed [7]. However, unlike
the Ca,;_La MnOj case, our observations show that,
while still being significantly larger than in bulks, Mg
value of nanoparticle Ca;_, Y MnO; decrease for x >
0.15. Since no CO is observed, reduction of FM contri-
bution should be caused by factors other than CO and
needs further investigation.

M (T) dependence represents another interesting
feature in the low temperature region of zero-field
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Figure 2. FC magnetization measurements vs.
temperature. For better visibility, data for x = 0.1 and
x = 0.15 are divided by 6 and 9, respectively
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cooled (ZFC) magnetization measurements. Instead of
expected blocking, freezing or spin-glass like
nanoparticle behavior below AFM transition tempera-
ture, we have observed the appearance of a broad,
field-dependent maximum around 30 K that is present
in M (T) of all samples, whereas no change in FC
curves was detected in that temperature range.

As an illustration, fig. 3(a) represents the tem-
perature dependence of ZFC magnetization in differ-
ent magnetic fields for x = 0.15 sample. While ZFC
curves recorded at 20 Oe show only monotonic in-
crease up to the Néel temperature Ty, additional mag-
netization maxima below 35 K appear in stronger
fields. AC magnetization measurements were per-
formed to check the nature of this low-temperature
maximum, but no frequency dependence of the maxi-
mum position was observed up to 1000 Hz, fig. 3(b).
Thus, the nature of the field-dependent maxima in
magnetization below 35 K deserves further investiga-
tion, but we can speculate that it resembles the charac-
teristics of a canted-AF (weak-FM) rather than FM be-
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Figure 3. (a) The temperature dependence of ZFC mag-
netization in different magnetic fields for x=0.15; (b) AC
magnetization measurements for the same sample

havior, and its breadth as well as its independence on
electron concentration points to the influence of a par-
ticles’ shell region.

CONCLUSIONS

The presented results support the standpoint that
in addition to electron concentration, other factors like
structure, microstructure and sample morphology can
play a decisive role in magnetic behavior of elec-
tron-doped nanoparticle manganites. Particle size re-
duction down to 50 nm in Ca,_ .Y MnOj retains the
bulk-like magnetic behavior of samples having up to
15% of Y**, with the exception of small FM contribu-
tion from disordered surface spins. The surface effects
are also responsible for exceptionally enlarged
coercivity, which is about 4 times larger than in corre-
sponding samples of bulk material. The effects of size
reduction in samples containing 20% and 30% of Y3*
are considerably more pronounced. Strong FM contri-
bution in this samples was found through both sup-
pression of CO state and enhancement of saturation
magnetization.
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Adoankacum AJIKAT, 3oxpa TEBPEJI, Bojucaas CIIACOJEBUh,
Baagan KYCUI'EPCKMU, Cuexana BOIIKOBW, Jopan BIAHYIIIA

YTULAJ CMABEIbA BEINYMHE YECTUIA HA MATHETHE
OCOBMHE EJEKTPOHCKHN JOIIMPAHOI CajxYyMnO3

EnexTpoHcKn onupany HaHouecTHYHN MaHranuTH Ca, Y, MnO; (x = 0, 0.05, 0.10, 0.15, 0.20,
0.30) ca cpepmOM BeTMUMHOM YecTrna o SO0 nm, MCIUTHBAHY CY ca CTAHOBUINTA MarHETHUX OCOOMHA, Y
OJTHOCY Ha OCOOWMHE BOJYMWHO3HUX MaTepHjajia UCTOr cacraBa. [loka3zaHo je ma y HaHOYECTUIHUM
y30pIKMMa JOMHMHUpa aHTH(epOMarHeTHa MHTEpaklyja, y3 M3y3eTHO NoBehaHy KOEpPLUTHBHOCT KoOja
poctmke MakcumanHy BpegHocT of 9000 Oe (0.9 T) 3a mepmommpanu y3opak (x = 0). IIpu Mamum
KOHIeHTpaurjama Y3*, cMameme quMensnje yectuna Ca, Y MnO; He JOBOAHM [I0 3HAYAjHUje MPOMEHE
MarHeTu3alnyje y OJHOCYy Ha BOJYMHUHO3HM MaTepujaj, anu je mpumeheH mweH Ojarm mopact yciep
(pepomarseTHor pompuHOca paszypebeHuX CHMHCKMX MOMEHaTa Ha MOBPUIMHU 4YecTHule. 3HayajHo
noBehame MarHeTu3anyje y3 ICTOBPEMEHO ypyllaBame cTamba ypeheHor HaenekTpucawma npumeheHo je
KoA y3opaka ca BehoM KoHmeHTparmjoM eiekTpona (x = 0.2, 0.3), mrTo yka3dyje Ha jak YTHUIA]
(pepomMarueTHUX UHTEPAKIFja Y OBUM y30pIHMa.

Kmwyune peuu: eaekiipoHcku 00UUPAHU MAZHEIUTI, HAHOCTUPYKILY DA, MAZHETUHA 0COOUHA



