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Nanocrystalline Lao.7Sr0.15Ca0.1sMnO3 (LSCMO) manganites were prepared by the combustion process and heated to various annealing
temperatures (Ta) to get various sized crystallites. The X-ray diffraction (XRD) patterns provided evidence that a Rhombohedral
structure with space group R3c was formed. Additionally, an increase in the size of the crystallites was observed, from 15.64 to
36.78nm, as the temperature (Ta) increased from 700°C to 1300°C. The FESEM micrographs revealed that homogeneous with porosity.
The FTIR spectra showed five absorption peaks. The Optical energy gap of LSCMO nanocrystalline is decreased from 3.51 to 3.28 eV
as annealed temperature raised, reveals that the LSCMO nanoparticles are semiconductor in nature. Room temperature Raman spectra
of LSCMO nanoparticles demonstrate a notable reliance on annealing temperature. When the Raman modes were analysed with respect
to Ta, it was observed that the Raman vibrational phonon mode below 200cm™ (A1g) and four modes (E;) in the range 200-800cm’!
displayed significant displacements and widening, which were associated with oxygen sublattice distortion. Considerable changes were
observed in both the intensity and full width half maximum (FWHM) of the five Raman modes as the annealing temperature increased.
Magnetic behaviour using M-H loop at room temperature were measured by the Vibrating sample magnetometer revealed that gradation
of saturation magnetization as the function of annealing temperature. Hence there is a remarkable crystallite size effect on optical and
magnetic properties of LSCMO nanocrystallites.
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INTRODUCTION

Colossal magnetoresistance (CMR) materials are a highly important research topic in the scientific field due to their
exceptional properties in terms of structure, optical, and magnetism when compared to ordinary magnetic materials. These
materials have a wide range of applications, including magnetic recording, flash memory technologies, hyperthermia,
bioimaging, biosensor applications, and designing of semiconductor devices. Additionally, they can be utilized to create
cooling systems that are highly efficient in terms of cooling while being environmentally friendly, producing minimal
noise, and emitting no greenhouse gases [1,2].

Lanthanum doped perovskite manganite oxides with divalent alkaline earth ion substitution display interesting
properties such as drastically change of electrical resistance with the magnetic field response, which is called as colossal
magnetoresistance (CMR) and metal to insulating behaviour [3-7]. Substituting a divalent ion into La sites causes Mn™
ions to transform into Mn*, resulting in magnetic exchange (Double Exchange) arises between Mn"> and Mn™ ions
having in different oxidation states with electronic configurations of (3d*, t5.7e!s 1, S=2) and (3d3, t*5,1e% 1, S=3/2)
respectively. The double exchange consequences the materials, whether they are ferromagnetic, antiferromagnetic or
shows spiral magnetism. The magnetic properties of perovskite manganites are significantly influenced by the
Mn+3/Mn+4 ratio, Mn-O bond length, and Mn-O-Mn bond angles, as they impact the double exchange interaction [8].
This behaviour can be altered through the introduction of suitable ions at A and B sites, resulting in a significant change
in the characteristic behaviour of these manganites [9-14]. The method of preparation, magnitude, orientation of the unit
cell, dopant, etc., all have an impact on the structural features of manganites. [15-17]. Manganite’s transport and magnetic
properties are affected by their crystalline size [18,19]. The size of the grains can be impacted by the annealing
temperature, hence raising the Ta should result in the growth of the grains. [20,21]. The MI transition in La;«SryMnOs3
can be attributed to the double exchange (DE) interaction, which explains the high bandwidth [22,25]. Similarly, the DE
mechanism explains the small bandwidth of Metal Insulator transition and colossal magneto-resistance effect in La;_.Cay
MnO3[26,27]. Perovskite-type manganites doped with lanthanum are fascinating materials with unique characteristics
that make them highly sought after. To gain a thorough understanding of the complex properties of rare-earth manganites,
it is essential to examine the interrelationship between their structural, optical, and magnetic properties. As electronic
devices become increasingly integrated and miniaturized, these perovskite manganites are being produced at the nanoscale
level. In recent years, research on perovskite manganites with nanoscale particle sizes has expanded significantly, driven
by their intriguing properties, such as a significant ratio between surface area and volume and surface effects. Different
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optical and magnetic properties are obtained by combining La;«Sr,MnO3 with La;x CaxMnQOj in the appropriate ratio.
Calcium doped Strontium — Lanthanum manganite exhibit remarkable properties as a high magnetocaloric material among
divalent ions [28]. Raman spectroscopy is a widely recognized method that employs vibrational state data to offer insights
into the chemical and structural properties of various compounds. The Raman spectra of La0.7Ca0.15Sr0.15MnO3 can
provide insight into its vibrational modes, which are related to the material's structure and properties. The spectra would
display peaks at different wavenumbers corresponding to the different vibrational modes of the material. Compared to
bulk materials, nanoscale manganites exhibit novel characteristics that vary with particle size. Among several
investigations using La;«SrxMnOs3 and La;.x CaxMnOj; only a handful had revealed coexisting Ca and Sr systems.

In this study, the combustion preparation method was employed to create La0.7Sr0.15Ca0.15Mn0O3 (LSCMO)
nanoparticles due to its affordability, convenience, and ability to produce nanocrystals at modest annealing temperatures.
Additionally, this method enables the production of LSCMO nanoparticles in large quantities, down to a few tenths of a
gram. Various analytical tools were utilized to examine the structural, optical, and magnetic properties of the LSCMO
nanoparticles, and the results showed that these nanocrystals exhibited typical properties.

EXPERIMENTAL

We prepared Lags Srg5CapsMnO; (LSCMO) nanocrystallites using high-purity nitrate precursors of
La(NO3)3.6H20, Sr(NO3),,Ca(NO3),.4H>0 and Mn(NOs),.4H,0.The nitrate compounds were dissolved in de-ionised
water based on their stoichiometry and mixed to form a precursor solution. To this solution, citric acid (CsHgO7) was
added in a 1:3 molar ratio to the total moles of nitrate ions. The solution was stirred continuously until a white precipitate
was formed. Ammonia was then gradually added neutralize the pH of 7, resulting in a thick, brown solution. The mixture
was then heated at 60°C with continuous stirring for three hours, and ethylene glycol was added. The gelation agent was
ethylene glycol, and the chelating agent was citric acid. The resulting solution was heated at 100°C until it turned into a
gel, and then heated to 300°C until it was completely burned, resulting in a free dark powder [29]. The powder was then
finely ground and divided into four parts, each of which was annealed separately at 700, 900, 1100, and 1300°C (sample
code LSCMO7, LSCMO9, LSCMO11, LSCMO13) for four hours to produce nanocrystallites of various sizes.

The crystal structure, crystallite size, and phase identification of LSCMO nanocrystalline were identified using the
X-ray powder diffraction method with CuKa (A = 1.5418A) radiation using a Rigaku (Miniflex-II) diffractometer with
0.02°step size. Field Emission Scanning Electron Microscopy (FESEM) (CARLZESIS - Ultra 55) and Energy Dispersive
Spectroscopy (EDS) (OXFORD-INCAx-act) were used to evaluate the surface morphology, nanostructure, and elemental
composition. Fourier transform infrared spectroscopy (FTIR) (SHIMADU), UV-Vis spectroscopy (SYSTRONICS
DOUBLE BEAM), and Raman spectrometry (Lab RAM HR, HORIBA, France) were used to assess the optical
characteristics. The resolution of the FTIR measurements, which ranged from 400 to 4000cm™!, was 4cm!. To acquire the
optical absorbances, ultrasonic assisted dispersing of a small quantity of sample in distilled water was performed, and the
data was captured in the range of 100-800nm. Raman spectroscopic studies were carried out using laser light of A = 532nm
as the 1% illumination source with lcm! resolution, and the slit was adjusted to obtain data in the range of 100-800nm.

RESULT AND DISCUSSION
XRD, FESEM and EDS Analysis

In Figure 1, the X-ray powder diffraction (XRD) pattern of LSCMO7, LSCMO09, LSCMO11, and LSCMO13
nanocrystallites at room temperature is presented. The JCPDS# 51-0409 and Rietveld by Full Prof software were used to
match the XRD patterns as shown in the Figure 2, confirming the formation of pure and single-phase Rhombohedral structure
with space group R3c. The intensity of the prominent peak observed at around 32.8° for LSCMO13 perovskite structure was
substantially higher than that of the other samples, which can be attributed to the large crystalline size and high electron
density.
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Figure 1. X-ray diffraction patterns of LSCMO7, Figure 2. Rietveld refinement of LSCMO13 nanocrystallite

LSCMO9, LSCMO11, and LSCMO13 nanocrystallites
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The average crystallite size (D) relates to full width half maximum of Bragg’s peaks at different annealing
temperatures were calculated using Scherrer formula (1) [30].

K2

(D) = Pcos 6

O

Where K is the shape factor which is equal to 0.9.

It was observed that average crystallite size values were increased from 15.64 to 36.78 nm as a function of TA which
were shown in Figure 3. The structural parameters and crystallite sizes are depicted in Table 1.

FESEM images of the prepared LSCMO7, LSCMO9, LSCMO11, and LSCMO13 samples were shown in Figure 4.
The fluffy nature and voids powder can be ascribed to the significant amount of gases released during the reaction. The
average particle size changed from 42.23 nm to 327.5 nm as the annealing temperature was increased. The particles
seemed to be cluster together with no apparent shape at low annealing temperature. The crystal grains entirely solidified
at 1100 and 1300°C, generating homogeneous and independent nanoparticles. Better crystalline structure and very well
symmetry were reported at 1300°C. as a result, from the morphological studies, the crystal growths were consistent with
the XRD data.
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Figure 3. Variation of Crystallite Size as function of Annealing temperature of LSCMO7, LSCMO9, LSCMO11, and
LSCMO13 nanocrystallites

Figure 4. FESEM micrographs of (a) LSCMO7, (b) LSCMO®9, (c) LSCMO11, and (d) LSCMO13 nanocrystallites
Table 1. Structural parameters of LSCMO7, LSCMO9, LSCMO11, and LSCMO13 nanocrystallites

Sample code LSCMO7 LSCMO9 LSCMOL11 LSCMO13
Lattice Parameter (a, b) (nm) 0.54764 0.54896 0.54935 0.55944
Lattice Parameter (c) (nm) 1.33502 1.33333 1.33395 1.3442
Volume of Unit Cell (A%) 346.74 347.98 348.81 348.93
Crystallite Size D (nm) 15.64 19.46 23.18 36.78
Average particle size(nm) 42.23 107.20 166.44 327.5

To better understand the distribution of individual surface elements, EDX analysis of post annealed samples were
illustrated the results in Figure 5 and atomic percentages of individual elements were Table 2. The EDX revealed the
uniform distribution concerned elements on the nanostructure surfaces. This accurately depicts the stoichiometric
quantities utilized in the experiment.
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Figure 5. EDX patterns of (a) LSCMO7, (b) LSCMO9, (¢) LSCMO11, and (d) LSCMO13 nanocrystallites

Table 2. Atomic percentage of LSCMO7, LSCMO09, LSCMO11, and LSCMO13 nanocrystallites from EDX.

Sample code La Sr Ca Mn (0]

LSCMO7 14.75 1.83 1.79 | 21.53 60.1

LSCMO9 16.11 384 | 231 ] 1793 | 59.81

LSCMO11 13.04 1.66 3.4 18.88 | 63.02

LSCMO13 21.04 228 | 3.12 | 20.78 | 52.78
FTIR Spectra Analysis

The lattice phonon vibrations of LSCMO7, LSCMO9, LSCMO11, and LSCMO13 after annealing were analyzed
using Fourier Transform Infrared (FTIR) spectroscopy and shown in the Figure 6.
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Figure 6. FTIR patterns of LSCMO?7,
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and LSCMO13

nanocrystallites

Mn-O bond stretching vibration mode was observed in all the prepared
LSCMO samples, which was attributed to the JT effect, and a strong
absorption peak was seen at 597cm'[31]. The stretching vibration mode
frequency of metal-oxygen bond shifted towards high wave numbers (blue
shift) as the annealing temperature increased to 1300°C, indicating
additional deformation of the MnOs octahedron [32]. The absorption peak
at 1059cm™ confirmed the presence of carbonate and decreased with
increasing annealing temperature [33]. The C=0 bond symmetric stretching
vibration peak around 1631¢cm™! and the C=C bond antisymmetric stretching
vibration peak at 1360cm™ also decreased with increasing annealing
temperature. [34,35]. The O-H stretching vibration mode was confirmed by
the wide band observed at 3600cm™!, which originated from the ethylene
glycol solvent used in nanoparticle synthesis [34]. LSCMO13 showed less
intense peaks at 1059, 1360, 1631, and 3600cm™ due to weak vibrations,
indicating the formation of pure crystallinity. The presence of stretching and
bending modes in the transmission spectra confirmed the formation of the
LSCMO perovskite structure, which was consistent with the XRD results.

UV-Vis Spectroscopic Analysis
The optical characteristics of LSCMO7, LSCMOQ9, LSCMO11, and
LSCMO13 nanocrystals are defined by their energy gap and refractive index
as the main physical features. To investigate these properties, UV-Vis

absorption spectroscopy was conducted on the prepared samples and variation of absorption peaks with wavelength were
shown in Figure 7. A clear absorption edge was observed in the ultraviolet to visible range, with wavelengths ranging
from 447 to 468nm for all samples.
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Figure 7. UV-Vis absorbance spectra of LSCMO7, LSCMO?9, Figure 8. UV-Vis absorbance -Tauc plot: Variation of (ahv)?
LSCMOI11, and LSCMO13 nanocrystallites versus photon energy “hv”” of LSCMO7, LSCMO9,

LSCMOL11, and LSCMO13 nanocrystallites

The absorption coefficient (00) was calculated using equations (2), (3), and (4) [36,37].

I =Ipet @)
A=log® 3)
— 2303 A (4)

t

where ‘A’ and ‘t’ are the absorbance and thickness of sample respectively.
The band gap of LSCMO7, LSCMO9, LSCMO11, and LSCMO13 nanocrystallites was determined using Tauc’s
relation (5) and resulting Tauc plots [38].

(ahv)" = A(hv — E,) (6))

Equation (5) relates the band gap (E,), frequency (v), and refractive index (n) to the absorption coefficient (o),
Planck's constant (h), and photon energy (hv). Different values of n (1/2, 1, 3/2, and 2) were used to plot (¢hv)" against
photon energy. Variation of (ohv)? versus photon energy “hv” of LSCMO7, LSCMO09, LSCMO11, and LSCMO13
nanocrystallites is shown Figure 8 and a linear relationship was observed over a wide range of energy, indicating a direct
transition from higher to lower energy levels. The optical bandgap values for LSCMO7, LSCMO9, LSCMO11, and
LSCMO13 nanocrystallites were obtained by extending the linear section of the graph on the 'hv' axis. These values,
presented in Table 3, show that the optical band gap decreases from 3.51 eV to 3.28 eV with increasing annealing
temperature (Ta), due to increase in crystallite size as confirmed by XRD analysis. These results suggest that the prepared
nanocrystallites may be useful in photocatalytic applications based on their band gap energy values [39].

Table 3. Optical parameters of LSCMO7, LSCMO09, LSCMO11, and LSCMO13 nanocrystallites

Sample code LSCMO7 LSCMO9 LSCMOL11 LSCMO13
Absorption peak(nm) 447.2 448.7 448.9 468.8
Band gap (eV) 3.51 3.39 3.34 3.28
Refractive Index (By Moss Relation) 2.2680 2.2776 2.2974 2.3128
Refractive Index (By Herve and Vandamme) 2.2074 2.2396 2.2520 2.2682
Static dielectric constant (&) 7.4628 7.6476 8.0172 8.2944
High frequency dielectric constant (€x) 5.1438 5.1874 5.2780 5.3490

The refractive index of prepared LSCMO nanoparticles were measured by Moss relation (6) as well as Herve and
Vandamme relation (7) [40-43].

Eyn* = 95eV (6)
2
A
n=[1+(25) )

A=13 .6 eV, B=3.4¢V represents the hydrogen ionization energy constants. The static dielectric constant (g,) and
high frequency dielectric constant (g,) of all samples are determined using the following relation (8) and (9) [44].
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g, = 18.52 — 3.08E, (8)

£ =N? ©)

The theoretically measured values of n, &,, £, for LSCMO7, LSCMQO9Y9, LSCMO11, and LSCMO13 were posted in
Table 3, reveals that the refractive index rises as the annealing temperature rises and rate of rise appears to be depending
on the models utilized. The static dielectric constant (&,) and high frequency dielectric constant (g,) were also increased
with Ta.

Raman Spectroscopic Analysis

Several recent articles have argued that optical properties of perovskite type manganites were affected by “the Mn-
O bond length and symmetry of MnOs, which establishing the link between the optical phonon mode and Jahn Teller
mode” [45]. The Jahn-Teller effect impacts on the rhombohedral structure of manganite. In this structure, the dynamic
and incoherent distortion of MnOg is influenced by six identical Mn-O bond lengths. Despite this distorted configuration,
only five Raman-active modes related to the vibration and stretching of oxygen vibrations of MnO6 can typically be
observed [46,47]. Lag; Sro3sMnOs; nanocrystallites possess a thombohedral structure with space group D$;(R3c¢) and
Jahn-Teller phenomenon is a crucial factor in controlling “the dynamic and non-coherent deformation of MnOg. In the
rhombohedral distorted structure, only five Raman-active modes (1A, + 4E,) can be observed, which are associated with
MnOg vibrations and stretching oxygen vibrations [46]. Among these modes, two (1A + 1E,) “correspond to rotational
or tilt stretching mode, while one Eg mode is associated with the bending mode. The other two E, modes are related to
the anti-stretching of the MnOG6 octahedra and the vibration of A ions” [48]. “Previous studies have indicated that the
Raman spectra of La0.7 Sr0.3MnO3 nanoparticles exhibit two weak modes at 180 and 425cm-1, with the former being
an A, symmetry mode associated with an out-of-phase rotation, and the latter being an Eg symmetry mode related to the
bending mode of the MnO6 octahedra” [49].

The Raman spectra at room temperature of LSCMO7, LSCMO09, LSCMO11, and LSCMO13 nanocrystallites were
obtained in the spectrum of wave number 50-1500 cm™ and presented in Figure 9, shows that five vibration modes were
observed in the range 100-800cm™ for the all the samples, which correspond to the phonons of the rhombohedral structure
with space group D$4,Z = 2. “This particular structure can be derived from a simple cubic perovskite by rotating the
neighbouring MnQOg octahedra in opposite directions along the[111]. cubic direction”[50].
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The position of peaks in the Raman spectra can be identified clearly by deconvolution of peaks using by the Lorentz
fitting, and five vibration modes were observed for all samples, which were shown in the Figure 10.

The positions of vibration modes of LSCMO7, LSCMO9, LSCMO11, and LSCMO13 nanocrystallites were shown
in Table 4. The vibration mode at lower frequencies occurs around 177, 184, 189, and 190 cm!' for LSCMO7, LSCMO9,
LSCMOL11, and LSCMO13 nanocrystallites respectively, which shows. The A;, phonon mode is associated with the
primary distortion of A-site cations (such as La, Sr, Na, or Ca) and the strength of the electron-phonon coupling [51, 52].
The peaks located at 343 and 430 cm! correspond to the E, symmetry mode, which represents an internal mode (i.e.,
bending of the MnOg octahedra). Moreover, the two highest peaks located at 550cm™! for LSCMO11 and at 613, 662, and
655 cm’! for LSCMO7, LSCMO9, and LSCMO13 nanocrystallites are attributed to the E, bands, which are related to the
vibration of oxygen in the MnOg octahedra. [53].
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Figure 10. Deconvolution fitting of Raman spectra of LSCMO7, LSCMO9, LSCMO11, and LSCMO13 nanocrystallites

Table 4. Raman vibrational modes of LSCMO7, LSCMO9, LSCMO11, and LSCMO13 nanocrystallites.

Raman modes LSCMO7 | LSCMO9 | LSCMOI1 | LSCMOI3
Arg(cm™) 177 184 189 190
Eq(cm) 293 291 298 213
Eo(cm) 343 343 335 310
Eo(cm) 428 437 417 433
Eq(cm) 613 662 600 655

The position of Raman modes of all samples changes with annealing temperature can be observed from the Figure 11
and clearly shows that the Ay mode is shifted from 177 to 190cm! (blue shift) with increase of annealing temperature
from700 to 1300°C and no significant change were observed for E, symmetry modes (around 343 and 430 cm™).
However, inverse effect was observed for the samples LSCMOL11, and LSCMOI13 in the E; bands around 298 and
600cm™!. From the Figure 11, it is evident that the Raman active phonon modes are greatly influenced by crystallite size.
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Vibration sample magnetometer was used to measure the
magnetic field dependence of magnetization of LSCMO7,
LSCMO9, LSCMOI11, and LSCMO13 nanocrystallites at room
temperature, ranging from -1.5 to 1.5T, and corresponding local M-
H hysteresis loops were displayed in Figure 12.

Figure 13 shows enlarged curves of M-H loops of all
samples gives the values of the saturation magnetization (Ms),
remanent magnetization (Mr), and coercive field (Hc) and
observed that all samples exhibit ferromagnetic behaviour.
Table 5 displays the characteristic parameters obtained from the
local M-H hysteresis loops. The saturation magnetization (Ms),
remanent magnetization (Mr), and coercive field (Hc) of all
samples increase with the annealing temperature, indicating that

the magnetic response increases with the increase in
crystallite size.
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Figure 13. Enlarged curves of M-H loops of LSCMO7, LSCMO9, LSCMO11, and LSCMO13 nanocrystallites
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Table 5. Magnetic parameters of LSCMO7, LSCMO9, LSCMO11, and LSCMO13 nanocrystallites.

Magnetic parameters LSCMO7 LSCMO9 LSCMO11 LSCMO13

Saturation magnetization (Ms) (emu/g) 13.875 30.166 44210 49.168

Remanent magnetization (M) (emu/g) 0.862 1.974 2.003 2.761

Coercive field (He) (Oe) 40.584 48.609 52.804 62.380
CONCLUSIONS

Lay7Sr0.15Ca0.1sMnO; nanocrystalline were effectively produced through combustion method and annealed at
different temperatures to obtain various sizes of crystals and endorsed the phase formation of thombohedral (R3c) with
no evidence of impurity peaks. The annealing temperature resulted in an increase in lattice parameters and crystalline
size. The morphology and element composition were confirmed by SEM and EDX. FTIR main absorption band verified
the presence of around 597c¢cm! showed that LSCMO nanoparticles form a perovskite structure. This frequency shifted
towards higher wave number to 613cm™!(blue-shift) as the annealing temperature was increased, suggested that additional
deformation of the MnOg octahedron. The results of the UV-vis spectroscopic analysis indicated that the LSCMO
nanocrystallites were semiconductors with a broad band gap. As the size of the particles increased, the values of the
optical band gap decreased from 3.51 eV to 3.25 eV. The Raman spectra of LSCMO showed that five vibration modes
are formed around. The A, mode is shifted from 177 to 190 cm™! (blue shift) with increase of annealing temperature from
700 to 1300°C. LSCMO nanocrystallites presents ferromagnetic properties, show increasing response with annealing
temperature. Hence, the structural, optical, and magnetic properties of Lag7Sro.15Cao1sMnO3 nanocrystalline are
significantly affected by the crystallite sizes.
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BIIJIMB PO3MIPY KPUCTAJIITY HA CTPYKTYPHI, OITUYHI TA MATHITHI XAPAKTEPUCTHKH
HAHOKPHUCTAJIIB Lao.7Sro.15Ca01sMnO3
Moxa Aoaya llykyp*P, Karpanaati Bimkas Kymap?, Fage Hapcinra Pao®
“Kagheopa @izuxu, Inocenepruil konedc ynisepcumemy JNTUH Padowcanna Cipivinia,
Aepaxapam, paiion Paodoicanna Cipiuinna, 505302, Tenaneana, Inois
bKagpeopa gizuxu, Jepocasnuii konedorc mucmeyms i nayku SRR (aemonomnuii), Kapimnazap, 505001, Tenaneana, Inois
‘Kagheopa ¢hizuxu, Incmumym mexrnonozii ma menedxrcmenmy Mappi Jlaxcman Peooi, [lanoiean, Xaiioapa6ao, Tenaneana, Inois
Hanoxkpucraniuni Manranitu Lao7Sro.15Cao.1sMnO3; (LSCMO) Oynu oTpuMani B IpoLeci CHAlIOBaHHS Ta HAarpiti 10 pi3HUX
Temmneparyp Binnany (TA), mo0 oTpumarti KpHCTaIiTH pizHOro po3mipy. Kaprunu penrreniBeskoi qudpakuii (XRD) nokasanu, 1o
yTBOpHIIAcs poMGOEIPHUHA CTPYKTYpa 3 MPOCTOPOBOIO rpynoto R3c. Kpim Toro, crioctepiranocs 36iaben s po3sMipy KPUCTATITIB 3
15,64 mo 36,78 um, xomu temneparypa (TA) 3pocna 3 700°C mo 1300°C. Mikpodororpadii FESEM mokazanu, mo ogHOpigHi 3
nopucricTio. Crnektpu FTIR mokasamu m'ste mikiB noriawHaHHA. ONTHYHAN €HEPreTHYHHH MPOMDKOK HaHokpuctaris LSCMO
3MeHmryetbess 3 3,51 no 3,28 eB i3 mimBumieHHAM TemIepaTypH Biamany, IO Ioka3ye, 1o HaHowacTuHkH LSCMO e
HaIiBIPOBITHUKOBUMH 3a CBO€I0 mpupoxoro. CrexTpn KoMOiHamiifHOTro po3citoBaHHS HaHodacTMHOK LSCMO mpu kimHaTHIM
TeMIIepaTypi AeMOHCTPYIOTh 3HAUHY 3aJISKHICTh Bl TeMnepaTtypu Bianany. Konu pamaniBcbki Moay aHai3yBajiH BigHocHO TA, Oyio
HOMIYEHO, 10 KOJMBaJIbHA (JOHOHHA MOJA PaMaHiBCLKOro posciroBanus uwkue 200 cm™' (Aig) i wortupu momu (Eg) B miamaszoni
200-800 cm™! mokazanu 3HauHi 3MiLIEHHS Ta PO3LIMPEHHS, SKi OyJIM OB’ A3aHi 3 BAKPMBIEHHAM KUCHEBOI miarparku. Crocrepiranucs
3HAYHI 3MiHH K B IHTCHCHBHOCTI, TaK i B HarliBMakcuMyMi ool mpuan (FWHM) n’situ Mo Pamana 31 301TbIICHHSIM TeMIIEpaTypu
Bignany. MarHiTHy moBeiHKy 3a mormomororo metii M-H mpu kiMHaTHIH TemIiepaTypi BUMIpsUIM MarHiTOMETPOM 3 BiOpauiitHuUM
3pa3koM i MOKa3aiH, IO Tpajallis HaMarHiYeHOCTi HACHYEHHA K (QYHKIIs TeMIeparypH Bimnany. TakuM YHHOM, iCHY€ MOMITHHN
BIUTUB PO3MipY KPHCTAJITIB HA ONTHYHI Ta MAaTHITHI BIacTUBOCTI HaHOKpHCcTaliTiB LSCMO.
KuarouoBi cnoBa: posmip kpucmanimy; onmuuna saboponena sona; cnekmpu FTIR; nemas M-H; pamaniscoxi korusanvhi gpononu



