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AnHoTtanus. B nanHoi pabore Hanomatepman LaFeOs co cTpykTypoii mepoBcKHTa OBLT
CUHTE3UPOBAH JKOJIOTHYECKH YUCTHIM METOJOM 3€lEHOTO CHHTE3a C WCIIOJIb30BAHUEM CIIMPTOBOTO
akcTpakta pacteHusi Allochrusa gypsophiloides. Kpucrammmyeckas crpykTypa, (yHKOIHOHAIbHBIC
IPYNIbl U 3JEMEHTHBIH COCTaB MOJYYCHHOTO O0pasia HCCICAOBAHBI METOAAMH PEHTTCHOBCKOM
mubpakiuu  (XRD), wunHppakpacHoit cmnektpockonmu (FTIR) wu  sHeproaucrnepcHOHHOIO
peutrenoBckoro anamusa (EDX). Pesymeratet XRD mnoarBepmwim ¢opmupoBanue omHO(a3HOM
OpTOPOMONYECKOH CTPYKTYpPHI IepoBckuTa 0e3 nmpumeceil. B FTIR cniekTpax BBISBICHBI XapaKTEPHEIC
MIOJIOCHI TTOTJIONICHHS, COOTBETCTBYIomMEe CBs3siM Fe—-O m La—O. DneMeHTHBIA aHaau3 IOKasal
MaccoBble momm La:Os u Fe:0s, paBubie 47,8% u 52,2% COOTBETCTBEHHO, YTO CBHIETEILCTBYET O
XOpOILIEM COOTBETCTBHU CTEXMOMETPHYECKOMY cocTaBy. [lodydeHHbIE ITaHHBIC IOITBEPIKAAIOT
3G (GEKTUBHOCTh, OJKOJIOTUYHOCTh M TEPCIEKTUBHOCTh 3eNEHOTO CHHTE3a IS TMONyYCHUs
BBICOKOYHCTHIX ~ HaHoMarepuaioB  LaFeOs ¢ mOTEHIMAIbHBIM  KAaTATUTHYCCKHM U
(hOTOKATATUTHICCKAM TPUMEHCHUEM.

Kunrwuesrble ciaoBa: LaFeOs, 3enéupiii cuntes, nepoBckut, XRD, FTIR, snemeHTHBINA aHanus,
HaHOMAaTEePHAIIbI, (DOTOKATAIH3.

Abstract. In this work, LaFeOs perovskite nanomaterial was synthesized via an
environmentally friendly green synthesis route using the alcoholic extract of Allochrusa
gypsophiloides. The structural, functional, and elemental characteristics of the synthesized sample
were comprehensively investigated by X-ray diffraction (XRD), Fourier transform infrared
spectroscopy (FTIR), and energy-dispersive X-ray spectroscopy (EDX), respectively. The XRD
results confirmed the formation of a single-phase orthorhombic perovskite structure without any
detectable impurities. FTIR spectra revealed characteristic absorption bands corresponding to Fe—O
and La—O bonds. Elemental analysis indicated that the mass percentages of La.Os and Fe.Os were
47.8% and 52.2%, respectively, demonstrating good stoichiometric agreement. The obtained results
confirm the effectiveness, simplicity, and environmental sustainability of the green synthesis approach
for producing high-purity LaFeOs nanomaterials with promising catalytic and photocatalytic
applications.

Keywords: LaFeOs, green synthesis, perovskite, XRD, FTIR, elemental analysis,
nanomaterials, photocatalysis.

Annotatsiya. Ushbu ishda LaFeOs perovskit nanomateriali Allochrusa gypsophiloides
o‘simligining spirtli ekstrakti asosida ekologik toza yashil sintez usuli yordamida olindi. Sintez
gilingan namunaning kristall tuzilishi, funksional guruhlari va element tarkibi mos ravishda rentgen
difraksiyasi (XRD), infraqizil spektroskopiya (FTIR) hamda energiya dispersiyali rentgen
spektroskopiyasi (EDX) yordamida kompleks o‘rganildi. XRD natijalari LaFeOs ning ortorombik
perovskit fazada shakllanganini va begona fazalarning mavjud emasligini tasdigladi. FTIR spektrlarida
Fe—O va La—O bog‘lanishlariga xos yutilish chiziglari aniqlandi. Element tahlili natijalariga ko‘ra,
La:0s va Fe:Os ning massaviy ulushlari mos ravishda 47,8% va 52,2% ni tashkil etdi. Olingan
natijalar yashil sintez usulining samaradorligini, ekologik xavfsizligini hamda yuqori tozalikdagi
LaFeOs nanomateriallarini olish imkoniyatini ko‘rsatadi. Ushbu materialning katalitik va fotokatalitik
go‘llanmalarda keng istigbolga ega ekanligi ilmiy jihatdan asoslandi.
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Introduction

Perovskite-type oxide nanomaterials, particularly LaFeOs, have attracted considerable attention
due to their high chemical stability, narrow band gap (=2.0-2.2 eV), and favorable catalytic properties,
making them widely studied in photocatalysis, gas sensing, and environmental protection technologies
[3,5-9]. Owing to their activity under visible light irradiation, such materials are effective in the
degradation of organic pollutants, especially dyes [5—8]. In the nanostructured state, the increase in
surface area facilitates the separation of electron—hole pairs, enhances the generation of reactive
oxidative radicals, and accelerates photocatalytic processes [7-9].

Conventional synthesis methods (sol-gel, hydrothermal, and multistep precipitation) generally
require high temperatures, prolonged processing steps, and toxic reagents. Therefore, the development
of environmentally safe and energy-efficient approaches has become an important scientific task
[10,11]. Green synthesis based on plant extracts enables the reduction of metal ions and stabilization
of the formed particles, allowing the formation of nanoparticles with controlled size [10]. Flavonoids,
phenolic compounds, and organic acids act as complexing and stabilizing agents, reducing aggregation
and promoting the formation of a well-ordered crystal lattice [10,11].

High photocatalytic activity has been reported for LaFeOs samples synthesized by various
methods, and it has been established that the structure and surface morphology of the material directly
influence its functional properties [5—8]. In addition, theoretical approaches and modeling play an
important role in explaining photocatalytic mechanisms, enabling clarification of the nature of active
centers and charge carrier migration [1,2,4].

The application of environmentally friendly synthesis methods based on local natural resources
is an important direction in materials chemistry. The plant Allochrusa gypsophiloides is rich in
biologically active components, whose complex-forming and stabilizing properties facilitate the
formation of stable nanoparticles through interaction with metal ions [10,11]. Such an approach
simplifies the synthesis process, reduces the need for additional chemical stabilizers, and improves
environmental safety.

Therefore, the aim of this work is to synthesize LaFeOs nanoparticles via a green route using the
alcoholic extract of Allochrusa gypsophiloides and to comprehensively investigate their crystal
structure, functional groups, and elemental composition by XRD, FTIR, and elemental analysis
techniques [1-11].

Materials and methods

For the synthesis of the LaFeOs nanomaterial, La(NO:)s-6H20 and Fe(NOs)s-9H-0 salts were
used as precursors. The dried roots of Allochrusa gypsophiloides were ground and extracted in 70%
ethanol at 60 °C for 2 hours, then filtered to obtain an extract rich in biologically active components.
The obtained extract was added dropwise to the metal salt solution and, under continuous stirring,
converted into a sol. The mixture was dried at 100 °C to form a gel. The resulting solid product was
calcined at 600-700 °C for 3 hours, producing perovskite-phase LaFeOs nanoparticles.

The crystal structure of the synthesized sample was investigated by X-ray diffraction (XRD),
the functional groups and bonding nature were analyzed using Fourier-transform infrared spectroscopy
(FTIR), and the elemental composition was determined by elemental analysis.

Results and discussion

The elemental composition of the synthesized LaFeOs; nanomaterial was investigated using
energy-dispersive X-ray spectroscopy (EDX) (Figure 1). The obtained spectrum clearly shows the
characteristic peaks corresponding to lanthanum (La) and iron (Fe), confirming that the chemical
composition of the sample is consistent with the perovskite-type LaFeO; structure. The La—Lo and
La-Lp peaks were observed in the energy range of approximately 4.6-5.0 keV, while the Fe—Ka and
Fe—Kp peaks appeared at about 6.4 keV and 7.1 keV, respectively.

According to the quantitative analysis, the mass fractions of La.Os and Fe.Os were 47.8% and
52.2%, respectively. These values are close to the theoretical stoichiometric ratio of LaFeOs,
indicating that lanthanum and iron ions fully participated in the reaction and were uniformly
distributed in the final product. The absence of additional impurity peaks also confirms the high
chemical purity of the synthesized material.
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Figure 1. EDX spectrum of the green-synthesized LaFeOs nanomaterial.

The obtained results demonstrate that the green synthesis route using the Allochrusa
gypsophiloides extract enables the formation of structurally homogeneous LaFeOs nanoparticles
suitable for further structural and catalytic investigations.

The FTIR spectrum of sample N8 is presented in Figure 8 and was used to identify the
functional groups and metal-oxygen bonding in the synthesized material. A broad absorption band
observed in the region of 3000-3600 cm™ corresponds to the O—H stretching vibrations of surface
hydroxyl groups and adsorbed water molecules. The presence of this band indicates a developed
surface of the nanoparticles and is typical for oxide nanomaterials obtained via green synthesis routes.
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Figure 2. FTIR spectrum of the green-synthesized LaFeOs nanomaterial.

A weak band near 1600 cm™ is attributed to the bending vibration of H-O—H bonds, confirming
the presence of physically adsorbed moisture on the particle surface. In the intermediate region (1200-
1000 cm™), several absorption bands were detected. These bands are associated with C—O stretching
vibrations and residual organic species originating from biomolecules of the Allochrusa
gypsophiloides extract. Their presence suggests that plant-derived compounds participated in the
synthesis process

The phase composition and crystal structure of the synthesized LaFeOs; nanomaterial were
investigated by X-ray diffraction (XRD) (Figure 3). The diffraction pattern exhibits a set of well-
defined and intense peaks corresponding to the orthorhombic perovskite structure of LaFeOs. The
observed diffraction maxima can be indexed to the Pnma phase, and no additional peaks related to
secondary phases or impurities were detected, indicating the successful formation of a single-phase
material.

The relatively broad diffraction peaks suggest that the crystallites are in the nanometer size
range. The crystallite size calculated using the Scherrer equation was found to be within the
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nanometric scale, confirming the formation of nanosized particles. Such nanoscale crystallites provide

a higher specific surface area, which is favorable for surface-dependent processes.
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Figure 3. X-ray diffraction pattern of the green-synthesized LaFe(Qs nanomaterial.

The high crystallinity and phase purity of the obtained LaFeOs sample indicate that the green
synthesis route is effective in producing structurally ordered nanoparticles. The well-formed
perovskite lattice facilitates charge separation and reduces the recombination rate of photogenerated
electron—hole pairs, which is beneficial for catalytic and photocatalytic applications.

Conclusion

In this work, LaFeOs perovskite nanoparticles were successfully synthesized via an
environmentally friendly green synthesis route using the alcoholic extract of Allochrusa
gypsophiloides. The applied method enabled the formation of nanosized particles without the use of
additional toxic stabilizing agents. Structural and chemical characterization confirmed the successful
formation of the target material.

The XRD analysis revealed the formation of a single-phase orthorhombic perovskite structure,
indicating high crystallinity and phase purity of the synthesized LaFeOs. Elemental analysis
demonstrated that the mass fractions of La.Os and Fe:0s (47.8% and 52.2%, respectively) were close
to the theoretical stoichiometric composition, confirming the homogeneous distribution of metal ions
in the final product.

The FTIR investigation further supported the formation of the perovskite lattice. In particular,
the FTIR spectrum of sample N8 (Figure 8) showed characteristic absorption bands at approximately
667 and 640 cm™ corresponding to Fe—O and La—O stretching vibrations. These bands confirm the
crystallization of the metal-oxygen octahedral framework and the formation of a stable LaFeOs
structure. The presence of weak bands in the 1200-1000 cm™ region indicates residual organic groups
derived from plant biomolecules, demonstrating that the extract participated in metal-ion complexation
and stabilization during nanoparticle formation.

Overall, the obtained results prove that Allochrusa gypsophiloides extract acts as an effective
natural reducing and stabilizing agent, enabling the synthesis of structurally ordered and chemically
homogeneous LaFeOs nanoparticles. The developed green synthesis approach is simple, cost-effective,
and environmentally safe, and the obtained material can be considered a promising candidate for
catalytic and photocatalytic applications.
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