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Abstract: This article discusses the synthesis, phase composition, and structural morphology of
the LaMnOs-SmMnOz double- phase manganite perovskite composite. The aim of synthesizing a two-
phase manganite containing the rare earth elements samarium and lanthanum is to study the structural
features and properties of the resulting products compared to classical perovskite manganites and single-
phase samarium and lanthanum manganites. The Pechini method, based on sol-gel synthesis, was used to
synthesize the product. The purpose of selecting this method was to obtain a product with high fineness
and crystallographic purity. The phase composition and crystallographic parameters were analyzed using
X-ray diffraction (XRD), Fourier-transform infrared (FTIR), and morphological methods to determine the
formation of bonds between Me-O; scanning electron microscopy (SEM-EDS), scanning surface area, and
elemental distribution. The synthesis was carried out based on sol-gel formation in the presence of metal
nitrate hydrates. Phase analysis of the product showed that SmMMnOs has the orthorhombic Pbnm (62)
structure in accordance with PDF 00-025-0747, while LaMnOs corresponds to the rhombohedral space
group R-3C (167) in accordance with PDF card No. 01-090-6505. It was established that the intense
absorption bands in the FTIR spectrum lie within the range of 750-600 cm™2, indicating the formation of
Mn-0 bonds. SEM-EDS results show that the average particle size of the powdered product is 0.489 um,
and the product was successfully characterized using the elemental distribution map.
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1. Introduction

Perovskite manganites are a class of transition metal oxides with the general
chemical formula ABO; (RMnQ; for rare-earth variants), where the a-site is
occupied by trivalent rare-earth cations (La**, Nd**, Sm**) or divalent cations of
alkaline earth elements (Ca*", Sr**, Ba**), while manganese (Mn) ions occupy the
B sites [1-3]. Their structure consists of a three-dimensional framework of MnQOs
octahedra, the vertices of which are shared, while the cation at the A-site occupies
interstitial spaces [4-6]. These materials are model systems for studying strong
electronic correlations, exhibiting a wide range of electronic and magnetic phases
arising from complex interactions between spin, charge, lattice, and orbital
structure [5,7]. Depending on their composition and temperature, they may
exhibit ferromagnetism (FM), antiferromagnetism (AFM), or paramagnetism
(PM) [5,8-10]. It is known for its phenomenon of giant magnetoresistance, in
which electrical resistance decreases sharply under the influence of an applied
magnetic field [2,9]. In contrast, it exhibits metal-insulator transitions and
semimetallic properties, making it important for spintronics [7,9,11]. Physical
properties of manganites are primarily determined by two competing exchange
interactions involving manganese ions: double-exchange (DE) interaction and
super-exchange (SE) interaction. DE interactions occur between Mn®** /Mn** ions
via oxygen 2P orbitals. Electron transitions between these mixed valence states
contribute to both FM and metallic conductivity [2,9,11,12]. SE CAO interactions
typically give rise to antiferromagnetic insulating states, examples of which are
the stoichiometric compounds CaMnOs or LaMnOs [2,3,10].

Lanthanum manganite (LaMnQOg) is a typical perovskite oxide (ABOj)
characterized by a flexible structure, tunable electronic states, and magnetic
properties. Stoichiometric LaMnOs is an antiferromagnetic insulator, but FE can
be achieved by incorporating other metals into its composition or by introducing
an excess or a small amount of oxygen [8,11]. These modifications are suitable
for use in supercapacitors, electrocatalysis, MRI contrast agents, and
environmental remediation [1,13,14]. Researchers have employed various
strategies to overcome challenges such as particle agglomeration and low
conductivity. One of these is the diversity of synthesis types and the choice of
synthesis method. Hydrothermal synthesis is used to create LaMnOs;
nanoparticles, which are combined with MXene nanoparticles to improve charge
transport and increase the surface area [1]. Mesoporous silica (SBA-15) is used to
produce a nanoscale product, enhancing oxygen adsorption on the surface and
creating more active sites for catalytic reactions. Sol-gel synthesis is a cost-
effective and rapid method that often uses oxalic or citric acid as a precursor to
produce fine magnetic nanoparticles [13,15,16]. Although doped LaMnQOj3;
perovskites are of great importance for the development of clean energy and
electronics, issues related to the formation of secondary phases, electrolyte
reactivity, and high-temperature stability have not yet been fully resolved.

SmMnOs is characterized by properties such as being one of the best-known
perovskite manganites, exhibiting colossal magnetoresistance (CMR), and
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possessing complex spin textures, making it a promising material for the
development of next-generation sensor, memory, and spintronic devices [17,18].
SmMnQO; crystallizes primarily in the orthorhombic perovskite structure (space
group Pbnm). Substitution of samarium with other ions, such as strontium (Sr)
[17], europium (Eu), or yttrium (), leads to significant changes in the lattice
structure. Eu or Y dopants lead to lattice contraction and a decrease in lattice
constants. Calculations of the Goldschmidt tolerance coefficient (0.9) and the
cohesive energy confirm that the structure remains stable even at high doping
levels (up to 25% for Eu and Y). Mechanical analysis shows that SmMMnQOs is
flexible, as evidenced by a G/B ratio below 0.57. Y doping increases the
material’s hardness (Young’s modulus), while Eu doping typically reduces it [19].
From highly efficient supercapacitors to multiferroic devices operating at room
temperature, SmMMnQO; is a key product of innovation in materials science and
functional electronics [18,20,21].

This study aims to synthesize the biphasic perovskite manganite LaMnOs-
SmMnO; and to investigate the effect of the phase mixture on structural and
morphological properties compared to the individual components LaMnOs and
SmMnQO;. Particular attention is paid to lattice distortion, phase formation,
particle morphology, and the potential improvement in functional properties
associated with the coexistence of orthorhombic and rhombohedral phases, using
FTIR, XRD, and SEM-EDS methods.

2. Experimental part

Dual-phase  perovskite manganites (LaMnOz-SmMnQO3z) were  first
synthesized separately using the Pechini method [22] and weighed in a 1:1 ratio to
obtain a homogeneous composite; they were then mixed in a ball mill in the
presence of ethanol for 15 minutes. For the synthesis of LaMnOs, 10 mmol of
lanthanum(l11) nitrate La(NOgz)3-6H20 (4.33 g) and 10 mmol of manganese(ll)
nitrate Mn(NOs)2-4H,0 (2.51 g) were used. To prepare SmMnOs, 10 mmol of
samarium(I11) nitrate Sm(NO3)3-6H.0 (4.45 g) and 10 mmol of manganese(ll)
nitrate Mn(NO3).-4H,0 (2.51 g) were used. The starting salts were dissolved in
10 mL of distilled water with constant stirring on a magnetic stirrer. Citric acid
(1.92 g, 10 mmol) and ethylene glycol (0.93 mL, 15 mmol) were then added to
the solutions in a molar ratio of metal:citric acid:ethylene glycol = 1:1:1.5. The
resulting mixture was held at a temperature of 70-90 °C for 15 minutes until a gel-
like mass formed. The resulting gel was dried at 200 °C for 5 hours, after which it
was heat-treated in the temperature range of 600-1100 °C to form a perovskite
structure. LaMnO3z and SmMnOs powders were first prepared separately and then
mixed in a 1:1 mass ratio to form a two-phase composite. To do this, 1 g of each
powder was taken and mechanically ground in a ball mill in the presence of three
drops of ethanol for 15 minutes to achieve a homogeneous phase distribution. The
resulting wet powder was further calcined at 800 °C for 2 hours to remove
residual organic components and increase the crystallinity of the composite. We
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analyzed the two-phase perovskite using FTIR, XRD, and SEM-EDS to confirm
that manganites had been obtained.
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Figure 1 — Synthesis of a two-phase perovskite manganite.

Reagents used to prepare the two-phase product: manganese(ll) nitrate
(Mn(NOg3)2-xH20, Buchs, Switzerland); lanthanum(lll) nitrate hexahydrate
(La(NOs)s-6H20, TU 6-09-4676-83); citric acid (CsHsO7, GOST 908-79); ethyl
alcohol, 96% (medical grade) and ethylene glycol (C;HsO,) (GOST 10164-75);
samarium nitrate (Sm(NO3)3-6H,0, Ch.P, GOST 10928-90).

We used the following measuring instruments and methods: a laboratory
agate (diameter-13 cm (130 mm)) (QIANGFU, ASIN, BODNB1MQ28, China),
an AM vibrating ball mill (China), and a “SNOL” laboratory furnace. The phase
composition was determined using X-ray diffraction (Rigaku Miniflex 600
benchtop X-ray diffractometer (Rigaku, Tokyo, Japan)) and a field-emission
scanning electron microscope (Thermo Scientific ChemSEM Axia, USA). IR
spectroscopy was performed using a Bruker ALPHA FTIR spectrometer in the
range of 400-4000 cm™.

3. Results and discussion

3.1. XRD analysis

The formation of biphasic perovskite manganites was confirmed by
determining the crystallographic parameters and phase composition of the
resulting product using X-ray phase analysis (XRD). Measurements were
performed using a Rigaku Miniflex 600 X-ray diffractometer, and the parameters
of the crystalline phase were analyzed using the PDF-5 software.
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Figure 2 — LaMnOs-SmMnOs diffractogram.

Figure 2 shows synthesized two-phase perovskite manganites and the
diffraction patterns of samarium manganite and lanthanum manganite. The
sharpness of the diffraction peaks and the retention of peaks characteristic of the
dual phase in the composite indicate the formation of the product. Samarium
manganite crystallizes in orthorhombic space group Pbnm [62] according to PDF
00-025-0747, while lanthanum manganite forms rhombohedral R-3C (167)
structure according to PDF 01-090-6505 (table 1).
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Figure 3 — Phase structures of LaMnOs (a) and SmMnOs (b).
Figure shows the crystal structure of the perovskite-like compounds LaMnOs
and SmMnOs. In both phases, manganese atoms coordinate with oxygen atoms to

form MnQOg clusters and a 3D perovskite lattice. The lattice exhibits significant
octahedral distortion due to the fact that the radius of the Sm®" ion is smaller than
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that of the La®>" ion, and also because LaMnOs structure is relatively symmetric,
resulting in the formation of a rhombohedral structure.

Table 1 — Results of crystallographic quantitative analysis

Ne [Nameof |Crystal aA|l bbA| ¢ AV, (A z|PDF Space | Density
compound| System Number | Group| py.ray, g/cm?
1 | SmMnOs | Orthorhombic | 5.825| 7.483 | 5.358 | 233.55| 4| 00-025- | Pbnm 7.20
0747 (62)
2 | LaMnOs | Rhombohedral| 5.511 | 5.511| 13.396| 352.27| 6 | 01-090- | R-3c 6.84
6505 | (167)

Table 1 lists the crystallographic parameters of two-phase product. Lattice
parameters of SmMnOs are a = 5.825 A, b = 7.483 A, and ¢ = 5.358 A, with a unit
cell volume of 233.55 cm3. Density of the X-ray structure is 7.20 g/cm?®. Lattice
parameters of the LaMnO3z compound are a = 5511 A, b = 5511 A and ¢ =
13.396 A, with a unit cell volume of 352.27 A3, Density of the X-ray structure of
this compound is 6.84 g/cm?®,

3.2. FTIR analysis

FTIR spectroscopic analysis was performed using a Bruker ALPHA
spectrometer (Ettlingen, Germany) at room temperature with a spectral resolution
of 1 cm™. Measurements were taken in the frequency range of 4000-400 cm™
using KBr pellets.
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Figure 4 — IR spectrum of LaMnOs, SmMnOs, and LaMnO3-SmMnOs.

Figure 4 shows the FTIR spectrum of LaMnOs, SmMnOs, and LaMnOs-
SmMnO; samples. The correspondence between Mn-O bonds and vibrations in
800-600 cm™ absorption region explains the formation of the perovskite
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structure. LaMnOs; compound is identified by absorption bands at 717.95, 677.94,
669.00, 656.76, 622.08, and 603.36 cm™. SmMMnO3z compound was observed near
656.76 and 648.60 cm™. In LaMnO3-SmMnOs composite, an increase in the
intensity of the bands in the regions of 719.99, 669.02, and 656.76 cm™ can be
observed.

3.2. SEM-EDS analysis

SEM-EDS analysis was performed using a Thermo Scientific ChemSEM
Axia (USA) in a 99.999% pure nitrogen (N2) atmosphere. The quantitative and
qualitative elemental composition was determined by SEM and EDS analysis.

—spm—t |sm.1 b—spm—t | —spm—t | pn.x —_ e —

Figure 5 - SEM images of the surface of LaMnOs-SmMnOs at 20, 10, and 5 pm, and elemental
distribution.

Figure shows SEM images and EDS elemental distribution maps of the
LaMnO3-SmMnO3 perovskite composite at sizes of 20, 10, and 5 um. The SEM
images show that the product is agglomerated and has a fine-grained morphology.
The EDS map indicates that the constituent elements are evenly distributed and
confirms that the composite has a homogeneous structure.
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Figure 6 — SEM-EDS diagram (a) and atomic percentage, % (b) of LaMnOs-SmMnO3 composite.
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EDS diagram shows the composition of the composite, confirming the
presence of La, Mn, O, and Sm; the atomic composition of these elements serves
as evidence of the composite’s formation.The presence of carbon in the diagram
is also explained by the fact that it was detected by placing the sample on a
carbon label in scanning electron microscope.

[ SmMnO,-LaMnO, Mean = 0.489
. SD=0.206

204

Vs

N |

tn

Count

R

T T T
0.2 0.4 0.6 0.8 1.0
Particle Size (pum)

Figure 7 — Average particle size of LaMnO3-SmMnOs at 5 um.

Figure 7 shows that the average particle size of the two-phase manganite in
the SEM range of 5 um was 0.489 um, with a standard deviation of 0.206 um.
The primary particle sizes ranged from 0.1 to 1.1 um. The measurements were
taken using ImageJ software.

4. Conclusion

LaMnO3-SmMnO; composite was synthesized using the Pecchini method.
Crystallographic and phase characteristics of the product were determined by X-
ray analysis. Based on the results, the a, b, and ¢ parameters, the space group, and
the crystal system types were determined. The orthorhombic pbnm samarium
manganite (62) crystallizes in the space group, while the lanthanum manganite
exhibits a rhombohedral R-3C (167) structure. The FTIR results corresponded to
Mn-O bond vibrations in the absorption range of 800-600 cm™. Surface area and
elemental distribution were analyzed using SEM-EDS data. The average
microparticle size in the 5 um range was 0.489 um. The results presented confirm
the formation of a two-phase perovskite manganite composite.

Funding: This research was funded by the Science Committee of the Ministry of Science and
Higher Education of the Republic of Kazakhstan (Grant No. AP26198941).
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SmMMnOz-LaMnO; MNEPOBCKUTTI MAHI'AHUTTIH CHHTE3I, KYPbLLJIBICBI JXKOHE
MOP®OJIOT'UsACHI

Hypoexosa M.A., Mamaee M.M., Capcenoaesa* 3.b., Aoopaiimoséa M.P., Kewikinoaesa A.K.
«Kaszax ynmmuix Kbi30ap neoazocuxanvix ynugepcumemiy KeAK, Armamor, Kasaxcman

Tyiiinaeme: Byn makanaga LaMnO3-SmMnO3 koc MaHTaHUTTi HEPOBCKUTTI KOMITO3UTTIH CHHTE31 JKoHE
(bazanbIK KypaMbl MEH KYPBUIBIC-MOP(OIOrHsACH KapacThIpbUIanbl. KypamblHma camapmii koHE JIaHTaH
CHpEK 37IeMeHTTepi 6ap KOcC (a3aibl MAHTAHUTTI CHHTE3IEYACTi MaKCcaT ajblHFaH OHIMIEPIl KJIaCCHKAIBIK
MEPOBCKUTTI MaHTaHHUTTEPJCH >XoHe Oip (ha3anmbl camapuiiiiH >KOHE JIAHTAHHBIH MAaHTaHUTTEPIMEH
KYPBUIBIC MEH KacHeTTEepiH epeKLIeNiKTepli 3epTrey. OHIMIlI CHHTE3/ley YIIIH 30Jb-TelbJi CHHTEe3re
HerizgenreH IleuwmHn ofmici KonmaHBUINBL. Bysl omicTi TaHmaymarbl MakcaT YCAaKTBIFBI JKOFAaphbl JKOHE
KpUcTauiorpadusIbIK Ta3a ©HIM anyFa OarbITTanipl. Da3anblk Kypambl MEH KPHCTAILIOTPagHsLIBIK
napamerpiepin peHtreH ¢asansl Tangay (XRD), Me—O apacbiHnarsl OaillaHBICTBIH TY3UITCHIH aHBIKTAY
yurin @ypoe-HK (FTIR) xoHe Mopdosoruschit; G6ETTiK oieMi MeH NIEMEHTTIK TapalyblH CKaHepieyi
aneKTpoHabl Mukpockorn (SEM-EDS) oxicrepi apkbuibl Taiganabl. CHHTE3 YILIH METal HATPATTAPBIHBIH
THAPATTAphl KATHICBIH/AA 30JIb-Tellb TY3yre Heri3zene Xypri3ingi. OHIMHIH TY3UIreHiH (asanbik Tajimay
Kyprizin kypamsiggarsl SmMnO3 PDF 00-025-0747 coiikec opropomOansr Pbnm (62) mimnnmi, an
LaMnO3 PDF Ne01-090-6505 xapracbiHa coiikec pombosapiik R-3¢ (167) keHicTikTik ToIka coiikec
exenniri anpikranapl. FTIR Monzepi OoiiblHIIA WHTEHCHBTI JKYThbULy Jkodakrapbl 750-600 cm-1
apasbIFbIH/IA )KaTKaHbI aHbIKTAIbII, Mn — O GaiinaHbIcThiH Ty3uireHiH kepceteni. SEM-EDS notmxkenepi
OolbIHIIIA YHTAK OHIMHIH oprama Oertik enmemi 0,489 pm ekeHi JKoHe JJIEMEHTTEp/IIH Tapaily KapTachl
apKBUIBI OHIMHIH COTTI TY31IT€HIH KepceTei.

Tyiiinai ce3aep: nepoBckut, Manranut, [leunnu oxici, XRD, SEM-EDS Tannay

Hypoexosa Mapoican A60vidicanaposna X.2.K., Kayblm.npod.m.a,
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CHUHTE3, CTPYKTYPA U MOP®OJIOI'US NMEPOBCKHUTHOI'O KOMIIO3UTA SmMnOs-
LaMnO;

Hypoéexosa M.A., Mamaee M.M., Capcenoaesa™ 3.b., A6opaiimosa M.P., Kewikimoaesa A.K.
HAO «Kaszaxckuil HayuonansbHwiil dceHcKull nedazoeuyeckuti ynugepcumemy, Aimamol, Kasaxcman

Pesiome: B oTOl cTaThe paccMaTpuBaeTcs CHHTe3 U (a30BBI COCTaB, M CTPOMTEIbHO-MOPGhOIOrus
JIBOHHOTO MaHTaQHUTOBOTO HMEPOBCKUTHOrO kommosuta LaMnOs-SmMnOs. Llensro cunTe3a IByX(]asHoro
MaHTaHMTA, COAEPXKAILETO pPEIKO3EMENbHBIE JIEMEHThl CaMapuil M JIaHTaH, SBISETCS H3ydeHHe
0COOCHHOCTEll CTPOGHHA M CBOKWCTB MOJNYYEHHBIX IIPOAYKTOB U3 KIACCHYECKUX MEPOBCKUTHBIX
MaHTaHHTOB M MaHIaHUTOB ofHOodasHoro Camapus M JaHTaHa. [l CHHTe3a MPOIYKTa HMCIIONB30BANICS
meroy [leunnu, ocHoBaHHBIN Ha cuHTe3e 3ois-rens. Llens BbIOOpa 3TOr0 Merona Oblia HampaBieHa Ha
MOJIy4YeHHEe MPOAYKTa C BBHICOKOW TOHKOCTBIO M KpHCTayutorpaduyeckoi uucrtoroil. Ma3oBblil cocTaB u
KpucTaorpaduieckie napaMmerpsl ObUIM INPOAHAIH3UPOBAHBI C TOMOIIBI0 METOI0B PEHTTeHO(Aa3HOro
anaimmza (XRD), @ypwe-UK (FTIR) u Mopdonoruu st onpenenenus o0pa3oBaHus CBs3H Mexay Me —
O; snexrponHoro mukpockona (SEM-EDS), ckanupyromero pasmep NOBEpXHOCTH M paclpeleleHHe
3JIEMEHTOB. JIJIs MpoBeIeHns CHHTEe3a NPOBOAMINCH Ha OCHOBE 00pa30BaHUS 3071b-TeJl B IPUCYTCTBUH
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THIPATOB HUTPATOB MeTa/uioB. Da30BbIil aHAIN3 00pa3oBaHMs MPOJYKTa mokaszai, yto SmMnOs umeer
opropombaibhyto popmy Pbnm (62) B coorBerctBun ¢ PDF 00-025-0747, a LaMnOs cooTBeTcTByeT
pombosapuyeckoii mpoctpancTBeHHoit rpynmne R-3C (167) B cootBerctBuu ¢ kaproir PDF Ne(1-090-
6505. YcTaHOBJIEHO, YTO MHTEHCHBHBIE IMOJIOCHI moriomieHust no 3HadeHusiM FTIR nexar B mpenenax
750-600 cm?, uTo ykasbiBaeT Ha oOpa3zoBanue cBasu Mn — O. Pesynsratel SEM-EDS nokasbisaiot, 4to
CpeIHUI pa3Mep MOBEPXHOCTH HMOPOIIKOOOpa3HOTo mpomykra cocraBisierT 0,489 MKM, M IPOLYKT OBLT
ycHeuHo c()OpMUPOBAH € TIOMOIIBIO KapThl PACIpeieIeHUs] DIIEMEHTOB.

KiioueBble cjioBa: NepoBCKUT, MaHraHuT, meTo [leunnu, XRD, SEM-EDS ananu3
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