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Abstract.In this study, the synthesis of SrTiOs perovskite material via the sol-gel method in a
DMSO medium and the influence of citric acid and yetmak plant extract used as stabilizers on its
optical properties were investigated. The obtained samples were analyzed using photoluminescence
(PL) spectroscopy. The PL spectra exhibited several emission maxima in the 400—1500 nm range. A
strong emission band observed in the 550-600 nm region indicates the presence of defect states
associated with oxygen vacancies and Ti** centers in the SrTiOs crystal lattice. The emission at higher
wavelengths suggests the formation of deep energy levels and surface states. The results confirm that
the use of citric acid and plant extract during synthesis increases the defect concentration in SrTiOs
and significantly affects its optical activity.
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defect states, plant extract.

AHHOTANUSA: JaHHON paboTe UCCIIEOBAaH CHHTE3 MEPOBCKUTHOTO MaTepuana SrTi0s MeTogaomM
30b-Telb B cpene DMSO, a Takke BIUSHUE JTUMOHHON KHCIIOTHI M DKCTpaKTa pacTCHUS HEeTMak,
UCIIOJIb30BAaHHBIX B KA4eCTBE CTaOMIM3aTOPOB, HA ONTHYECKHE CBOWMCTBAa Marepuaia. [lomydeHHbIe
o0pa3upl OBUIM TMPOaHAJM3UPOBaHBl MeToAoM QoTomomuHecueHTHoi (PL) cnexrpockonmu. B
criektpax PL B muamazone 400—1500 HM HaOMIOHATNCH HECKOIBKO MAKCHMYMOB M3IyUEHHUS, TIPH 3TOM
MHTCHCHBHAs sMuccusi B obmactu 550-600 HM ykaspiBaeT Ha Hajuuuyue AC(PEKTHBIX COCTOSHHUH,
CBSI3aHHBIX C KUCJIOPOJHBIMHM BaKaHCHAMHU M ueHTpamu Ti** B kpuctammuueckod pemérke SrTiOs.
Omuccuss B o0macTd  OONBIMUX MJIMH BOJH CBHACTEILCTBYET O (OPMUPOBAHUHM TIyOOKHX
SHEPreTHYECKUX YPOBHEH M MOBEPXHOCTHBIX cocTosHUM. [lomydeHHbIe pe3ysbTaThl MOJITBEPKIAIOT,
YTO MPUMCHCHHE JMMOHHON KHCJIOTBI M PACTUTENHLHOTO JKCTPAaKTa CIOCOOCTBYET YBEIHYCHHIO
KOHUeHTpamu zAedekroB B crpykType SrTiOs u CyllecTBEHHO BIMSET Ha €ro ONTHYECKYIO
AKTHBHOCTb.

Kawuebie ciaoBa: SrTiOs, MepoBCKUT, 30yb-Teib MeToa, DMSO, dhoTomoMuHECTICHITHS,
KUCIIOPOJIHBIC BaKaHCUH, IE(PEKTHBIC COCTOSHUS, PACTUTEIBHBINA SKCTPAKT.

Annotatsiya: Mazkur ishda SrTiOs perovskit materialining DMSO muhitida zol-gel usuli
yordamida sintezi hamda limon kislotasi va yetmak o‘simligi ekstrakti stabilizator sifatida
go‘llanilishining  materialning optik xossalariga ta’siri  o‘rganildi. Olingan namunalar
fotoluminessensiya (PL) spektroskopiyasi yordamida tahlil qilindi. PL spektrlarida 400-1500 nm
oralig‘ida bir nechta emissiya maksimumlari kuzatilib, 550-600 nm diapazondagi kuchli emissiya
SrTiOs kristall panjarasida kislorod vakansiyalari va Ti** markazlari bilan bog‘liq defekt holatlari
mavjudligini ko‘rsatdi. Yuqori to‘lqin uzunliklari sohasida qayd etilgan emissiyalar chuqur energetik
darajalar va sirt holatlarining shakllanganligidan dalolat beradi. Natijalar limon kislotasi va o‘simlik
ekstrakti ishtirokida sintez qilingan SrTiOs perovskit materialida defektlar konsentratsiyasining
oshishini va bu holat uning optik faolligiga sezilarli ta’sir ko‘rsatishini tasdiglaydi.

Kalit so‘zlar: SrTiOs, perovskit, zol-gel usuli, DMSO, fotoluminessensiya, kislorod
vakansiyasi, defekt holatlar, o‘simlik ekstrakti.

Introduction. In recent years, SrTiOs (strontium titanate) with a perovskite structure has
attracted considerable scientific interest due to its high dielectric constant, chemical stability, wide
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band gap, and remarkable optical and photocatalytic properties. As a semiconductor material, SrTiOs
is considered a promising candidate for applications in photoelectric devices, gas sensors,
photocatalysis, and optoelectronic systems[1]. Its physicochemical properties strongly depend on the
synthesis conditions, precursor materials, and stabilizing agents used during preparation.

Various synthesis methods have been employed for the preparation of SrTiOs, including solid-
state reaction, hydrothermal techniques, sol-gel processes, and other chemical approaches. Among
them, the sol-gel method offers significant advantages such as molecular-level control of the reaction
process, homogeneous composition, and phase formation at relatively low temperatures. [2].In this
study, strontium nitrate (Sr(NOs)2) and titanium isopropoxide were selected as strontium and titanium
sources, respectively. Dimethyl sulfoxide (DMSO) was used as a solvent to ensure good dissolution of
metal ions and the formation of a homogeneous reaction medium.

To control particle growth and stabilize the gel formation process, citric acid was employed as a
complexing agent and stabilizer. In addition, following an eco-friendly approach, yetmak plant extract
was introduced as a natural stabilizing component. Organic compounds present in the plant extract can
interact with metal ions, influencing particle morphology and surface states. [3-4].The incorporation of
such green synthesis elements provides an opportunity to tailor the defect structure and optical
properties of the material.

Therefore, the aim of this study is to investigate the optical properties of SrTiOs perovskite
synthesized from Sr(NOs). and titanium isopropoxide in a DMSO medium in the presence of citric
acid and yetmak plant extract, and to evaluate the influence of these stabilizers on the crystal lattice
and defect states of the material. [5].

Results and discussion. SrTiO; perovskite material was synthesized via the sol-gel method
using strontium nitrate (Sr(NOs)2) and titanium isopropoxide as precursor sources in a DMSO
medium. Citric acid was employed as a complexing and stabilizing agent to ensure homogeneous
distribution of metal ions and controlled gel formation. In addition, yetmak plant extract was
introduced as a natural stabilizer within a green synthesis approach. The combined effect of these
components is expected to significantly influence the crystal lattice, surface states, and defect structure
of the resulting SrTiOs perovskite.
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Figure 1

The optical properties of the synthesized samples were investigated using photoluminescence
(PL) spectroscopy. The PL spectra exhibited several emission bands in the wavelength range of 400—
1500 nm, indicating the presence of multiple energy levels and defect centers within the SrTiOs
structure. A relatively weak emission observed in the short-wavelength region (400—450 nm) can be
attributed to surface states and oxygen vacancies, which are associated with high-energy radiative
recombination processes.(figura-1) Such emissions typically indicate local lattice distortions and
surface-related defects in the crystal structure.
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A strong and prominent emission band was detected in the 550-600 nm region, representing one
of the key findings of this study. This emission is mainly attributed to radiative recombination
processes involving defect levels associated with Ti** centers and oxygen vacancies. During the sol—
gel process, citric acid forms complexes with metal ions, while organic constituents present in the
yetmak plant extract may not completely decompose during calcination. As a result, additional defect
states and oxygen vacancies can be generated within the SrTiOs lattice, leading to a significant
enhancement in PL intensity.

Furthermore, emission bands observed at wavelengths above 1000 nm suggest the presence of
deep energy levels and charge carrier trapping states (trap states). These deep-level defects can slow
down charge transfer processes and increase the complexity of recombination mechanisms within the
material. The adsorption of biologically active organic molecules from the plant extract onto the
SrTiOs surface may further modify surface states, contributing to the formation of additional energy
levels within the band structure.

The relatively high PL intensity indicates rapid electron—hole recombination within the material.
While this behavior may be advantageous for light-emitting and optoelectronic applications, it may
limit charge carrier separation efficiency in photocatalytic systems. Nevertheless, the presence of
controllable defect states provides an opportunity to tailor the optical activity and emission
characteristics of SrTiOs perovskite for specific technological applications.

Overall, the results demonstrate that SrTiOs synthesized in a DMSO medium in the presence of
citric acid and yetmak plant extract exhibits a complex defect structure and enhanced optical activity.
These findings highlight the potential of such materials for applications in optoelectronic devices,
light-emitting systems, and advanced photocatalytic technologies.

Conclusion. SrTiOs perovskite was successfully synthesized via the sol-gel method in DMSO
using citric acid and yetmak plant extract, which promoted homogeneous gel formation and controlled
crystallization. Photoluminescence analysis revealed multiple emission bands, indicating the presence
of surface states, Ti*" centers, oxygen vacancies, and deep-level trap states, all of which contributed to
the material’s enhanced optical activity. The strong emission in the 550—600 nm range highlights
defect-mediated radiative recombination, while longer-wavelength emissions suggest the formation of
deep energy levels that may influence charge carrier dynamics. Overall, the results demonstrate that
controlled defect engineering through the combined use of citric acid and plant extract can tailor the
optical properties of SrTiOs, making it a promising candidate for optoelectronic and light-emitting
applications.
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