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NOVRUZ BAYRAM IN TURKMENISTAN

Abstract
Novruz Bayram, the traditional New Year celebration, holds profound cultural and historical

significance in Turkmenistan. This article explores the various customs, rituals, and symbolic meanings
associated with Novruz in Turkmenistan, highlighting ite iolfostering community spirit and preserving
cultural heritage. It also examines the contemporary manifestations of this ancient festival in modern
Turkmen society.

Keywords:

Novruz Bayram, Turkmenistan, cultural heritage, traditions, spring festival,
community, symbolism, renewal.

Novruz Bayram, marking the spring equinox, is a time of renewal and celebration deeply rooted in the
traditions of Turkmenistan. The festival, symbolizing the arrival of spring and the rebirth of nature, has been
celebrated for millennia, intertwining witthe social fabric and spiritual beliefs of the Turkmen people. The
diverse customs and rituals associated with Novruz reflect the rich cultural tapestry of the nation,
emphasizing values of unity, hospitality, and respect for nature.

This article delves into the various facets of Novruz Bayram in Turkmenistan, from its historical origins
and traditional practices to its contemporary expressions, highlighting its enduring importance in Turkmen
society.

The celebration of Novruz in Turkmenistan is steeped in ancient customs and rituals, reflecting the
agrarian roots and nomadic heritage of the Turkmen people. Traditional practices have been passed down
through generations, ensuring the continuity of cuilidentity and social cohesion.

1. Preparation and Cleansing: Weeks leading up to Novruz are marked by thorough house cleaning
and the preparation of traditional dishes. This act of physical cleansing symbolizes the renewal of life and the
purging of negative energies from the past year.

2. Semeni Preparation: The sprouting of Semeni (wheat sprouts) is a central ritual, symbolizing
fertility and prosperity. Families cultivate Semeni, which is then used to prepare a special dish, also called
Semeni, cooked over a long period with communal ipgration.

3. Gatherings and Feasts: Novruz is a time for family and community gatherings, featuring elaborate
feasts with traditional Turkmen cuisin@hese gatherings foster social bonds and strengthen community
ties.

4. Traditional Games and Performances: Various traditional games, folk songs, and performances
are integral to Novruz celebrations, showcasing the rich cultural heritage of Turkmenistan.
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5. Visiting Elders and Sharing Blessings: Paying respects to elders and sharing blessings are essential
aspects of Novruz, emphasizing intergenerational respect and community solidarity.

Turkmenistan showcases a variety of unique Novruz traditions, each holding symbolic and cultural
significanceSome of the most notable include:

1. Semeni Dish: The slegooked Semeni dish, made from sprouted wheat, is a symbol of abundance
and prosperity. Its preparation involves communal participation, fostering a sense of unity.

2. National Games: Traditional horse games, wrestling, and other folk games are performed during
Novruz, celebrating the physical prowess and cultural heritage of the Turkmen people.

3. Folk Songs and Dances: Special Novruz songs and dances are performed, reflecting the joy and
spirit of the festival. These performances often incorporate themes of nature, renewal, and community.

4. Bonfires: In some regions, bonfires are lit, symbolizing the purification of the old year and the
welcoming of the new. Jumping over the bonfire is a traditional ritual believed to bring good fortune.

5. Visiting Graves of Ancestors: Paying respect to deceased ancestors is an important part of Novruz,
reinforcing the connection between generations and honoring family traditions.

The significance of Novruz Bayram in Turkmenistan is increasingly recognized on a global scale, with
efforts to preserve and promote its cultural heritage.

References
1. Amanova, G. (2019). The Role of Novruz Bayram in Fostering Social Cohesion in Turkdemiatdrof
Cultural Anthropology, 47(2), 121310.
2. Rahimov, B. (2021). Traditional Cuisine and Novruz Bayram: A Culinary Heritage of Turknieoostan.
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3. Saparov, D., & Kurbanova, L. (2020). The Symbolism of Semeni in Turkmen Novruz Celdtnikimones.
Studies, 54(3), 30318.
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FABRICATION OF-2gO AND AAg-ZnO FILMS USING PLASMA JET TECHNIQUE

Summary
The degradation of organic pollutants based on semiconductor photocatalysts has attracted immense

interest due to their vast potential for environmental protection and sustainable development. Among
prominent semiconductors, zinc oxide (ZnO) is consideredof the most promising photocatalysts owing
to its superior characteristics, such as environmental friendliness, high chemical stability, low cost, high
efficiency, high electron mobility, large exciton binding energy (60 meV) at room temperaturexeeibbat
photocatalytic performance. However, ZnO possesses certain drawbacks, including a wide band gap (3.3 eV)
that limits its absorption to the ultraviolet (UV) region and a high electrole recombination rate, which
reduces its photocatalytic effiency. Consequently, continuous research efforts have recently been
conducted to extend the light absorption range and enhance charge separation efficiency to overcome these
limitations. One effective approach involves anchoring noble metals, such as Aanddt, onto ZnO
nanostructures. The surface plasmon resonance (SPR) properties of these noble metal nanoparticles
effectively improve the photocatalytic capability of ZnO.

Keywords

AgZnO films, AAgZnO films

I.INTRODUCTION

ZnO films decorated with Ag and Au nanoparticles were fabricated using the plasma jet technique. The
thickness and physicochemical properties of theZh@ films were investigated as a function of varying Ag
precursor concentrations. Furthermore, after dmgiting Ag nanoparticles at two different precursor
concentrations, the addition of Au to the material system was also studied. The positive effects of Ag and
(Ag, Au) nanoparticle deposition on the crystal structure, morphology, and optical properties£fiO films
were comprehensively examined. Finally, theZa and AtAgZnO systems were evaluated for their
photocatalytic performance in the degradation of Rhodamine B (RhB).

II. PLASMA JEASSISTED FABRICATION GRMQ AULOADED ZnO NANOSTRUCTURED FILMS

In this section, a combination of hydrothermal synthesis, plasma jet deposition, and photoreduction
was employed for film fabrication. First, the hydrothermal method was used to synthesize ZnO thin films on
glass substrates. To prepare the-AgO films, glasma jet technique was utilized to deposit and anchor Ag
nanoparticles onto the ZnO surface. Subsequently, a photoreduction process was applied to reduce the
HAuCl4recursor into Au nanoparticles, which were then loaded onto the Ag/ZnO structure talerfmal
AWw-Ag/ZnO composite system.

1. Fabrication of ZnO Thin Films.

9 Step 1:Preparation of the ZnO Seed Layer via $jmating

A precursor solution was prepared by dissolving zinc acetate dihydrgtehHC0O0).2H0 in ethanol,

gAGK SGKFYy2tFYAYS FRRSR a | &iGFoAftAT SN ¢KS YAEGG
solution. This solution was then deposited onto glass substrates using thecgiing technique. Finally, the
coated fimswereanfef SR |4 npn ¢/ F2NI m K2dzNJ 42 F2NX | ONER:

9 Step 2:Hydrothermal Growth of ZnO Nanostructures
To grow the ZnO nanostructures, a growth solution was prepared by dissolving zinc nitrate
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tetrahydrate Zn(NQ@)..4HO and 1.05 g of hexamethylenediamine (HMDA) in 40 mL of deionized (DI) water.
The reaction mixture was stirred for 1 hour at room temperature. Theco@ed seed layer substrates were
then placed into a hydrothermal autoclave containing this solution. Tidrothermal reaction was
O2yRdzOGSR G dn c/ F2Nly K2dzNB

9 Step 3:Posttreatment

The resulting ZnO films on glass substrates were thoroughly rinsed multiple times with deionized water
G2 NBY20S lyeé NBaARdzZ OKSYAOIFIta FyR adzmaSldzsSyift
designated as the Z0 sample.

2. Fabrication of A¢ZnO Films via Plasma Jet Technique.

The AgZnO films were fabricated using the plasma jet technique. The ZnO films prepared in section
2.6.1 were placed on glass substrates and immersed in a beaker containing 20 mL of either 5 mM or 45 mM
AgNQ 5 mM solution. Each sample underwent plasma jet treatment for 2 minutes. The resulting films were
designated as Zpg5 and Zf\g45, respectively.

3. Fabrication of AtAg-ZnO Ternary Composite Films.

The AUAgZnO ternary films were fabricated by depositing gold (Au) nanoparticles onto the previously
prepared ZpAg5 and ZfAg45 samples using a photoreduction method. The resulting composite films were
designated as Adp-Ag5 and AtZp-Ag45, respectivelyThe detailed procedure is as follows:

9 Step * The ZpAg5 and Zf#Ag45 films were immersed in 90 mL of a 0.0003 M chloroaurid-bin
agueous solution.

9 Step 2:Sodium citrate (0.07 M) was added dropwise to the solution as a stabilizing and reducing
agent. The system was then subjected to UVA light irradiation for approximately 10 minutes.

9 Step 3:After irradiation, the samples were removed, thoroughly rinsed with distilled water, and
dried. The final products were stored for characterization and designated-Zp-Ag5 and AtZp-Ag45.

For comparison, a goldecorated ZnO sample (without silver) was also synthesized using the same
procedure and labeled as A0.

Figure 1¢ SEM surface images of (a) Z0, (bAgGp, (c) ZiA\g45, (d) AZO0, (e) AtZpAg5, (f) AeZp-Ag4s,
and crosssectional SEM images of (g) Z0, (hAGp, (i) ZpAg45.

The ZnO thin film (designated as Z0) was synthesized on glass substrates usirgjep tprocess:
spincoating of a seed layer followed by hydrothermal growth. To functionalize the surface, silver (Ag)

9
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nanoparticles were decorated onto the Z0 films using an atmospheric pressure plasma jet technique. Two
different silver nitrateAgNQ precursor concentrations, 5 mM and 45 mM, were employed to produce the
binary composite films, labeled as-Ag5 and Z{Ag45, respectively. Subsequently, gold (Au) nanoparticles
were incorporated onto these AgnO templates via a photoreduction (redox) thned, resulting in the
ternary hybrid films designated as Zp-Ag5 and AtZp-Ag45. For comparative purposes, a refererenmpgle
consisting of Awdecorated ZnO without silver was also synthesized and identified @)Au

Scanning Electron Microscopy (SEM) was employed to investigate the morphology of the fabricated
Z0, ZpAg5, ZpAg45, AdZ0, AuZpAg5, and AtZpAg45 films. The corresponding tefew and cross
sectional SEM images are presented in Figure 1. InitiallySEM image of the pristine ZnO (Z0) in Fig. 1(a)
reveals a structure consisting of vertically aligned nanorods with an average diameter of approximately 500
nm. The crossectional view in Fig. 1(g) confirms a film thickness of approximatetyn®.Upon a:corating
the ZnO films with Ag nanopatrticles using the plasma jet technigdgQ concentrations of 5 mM and 45
mM, the surface morphology becomes noticeably rougher. As shown in Fig. 1(b) and (c), the formation of
numerous hexagonal pits is observed, with the pit density increasing at the higher precursor concentration.
Interestingly,the film thickness for g5 and Zg\g45 significantly decreases to 1.8t and 1.51nm
respectively (Fig. 1h, i). The Ag nanopatrticle size-aghranges from 5 to 30 nm, whereas&g45 exhibits
larger particles between 10 and 50 nm. These resultécate that the plasma process and tAgNQ
concentration are critical factors influencing the film morphology and the dimensions of the Ag nanoparticles
in the modified ZnO system. Subsequently, when Au nanoparticles were deposited ontcAlyd Apd Zp
Ag45 films via photoreduction, the surfacbkecame increasingly porous. As illustrated in Fig¢fL(dAu
nanoparticles with sizes ranging from 20 to 30 nm are clearly visible. Thexjsteng pits on the ZnO
nanostructure appear to serve as anchoringesi effectively trapping the Au nanoparticles on the film
surface. Overall, the SEM analysis confirms the successful growth of ZnO and the effective integration of both
Ag and Au nanoparticles onto the ZnO framework.

The Xray diffraction (XRD) patterns of the Z0,-Xgb, and ZAg45 samples exhibit four distinct
diffraction peaks at2l y 3t S& 2F omMdycI ondncI ocdoc YR nTdc
(100), (002), (101), and (102) crystallographic planes of wurtzite ZnO, respectively (JCPDS cdrdi5i). 36
No diffraction peaks characteristic of metallic Ag wereesbdsd, which may be attributed to the low
concentration of Ag nanoparticles (AgNPs). Furthermore, observing the most intense peakb at34
corresponding to the (002) plane, the peak intensity decreases progressively for theAtfh,Zzmd Z#\g45
films. As previously mentioned in the cressctional SEM results, the thickness of the ZGAd%p, and Zp
Ag45 films decreases; consequentlye amount of ZnO in the Z2fg5 and ZfAg45 samples is reduced,
leading to a corresponding decrease in their diffraction intensities.

To further investigate the chemical composition and the spatial distribution of elements within the
fabricated nanostructures, the AfpAg45 sample was selected as a representative for STEpping
analysis (Scanning Transmission Electron Microscopy nethliith EnergyDispersive Xay Spectroscopy).

The elemental mapping results for Oxygen (O), Gold (Au), Silver (Ag), and Zinc (Zn)-BAgan sample

are presented in Figure 4.3. The STEM analysis confirms the simultaneous presence of all fayr prima
chemical constituent®, Zn, Ag, and Auwithin the composite framework. Furthermore, the elemental
maps demonstrate a highly homogeneous distribution of Au and Ag nanopatrticles across the ZnO matrix. This
uniform dispersion is a critical factor in maximizing the density offadites on the film surface, which is
expected to significantly enhance the overall photocatalytic efficiency of the ternary system.

10
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Figure 3 STEMmapping images (elemental maps of O, Au, Ag, and Zn atoms) in {BpAg45 sample
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Figure 4¢ (a) UWVis absorption spectra of Z0,-Ag5, ZpAg45, AdZ0, AuZp-Ag5, and AZp-Ag45
samples, with the insets showing the magnified absorption spectra @0\AUZp-Ag5, and A p-Ag45;
(b) Tauc plots for the band gap)XBetermination of the corresponding samples
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Table 1
Calculated optical band gapg(Ealues of the synthesized Z0,-EZg5, ZpAg45, AdZ0,

Au-ZpAg5, and AtZp-Ag45 materials

Sample Name Z0 Zp-Ag5 Zp-Ag45 Au-Z0 Au-ZpAg5 Au-ZpAgas
Bandgap Value (eV) 2,94 3,04 3,2 2,88 2,99 3,14

The influence of noble metal decoration on the optical properties of the fabricated materials was
investigated using UVis absorption spectroscopy. Figure 4(a) displays the absorption spectra of the Z0, Zp
Ag5, ZpAg4h, AdZ0, AuZpAg5, and AZpAg45 sanples. For the silvedecorated samples (ZAg5 and Zp
Ag45), no typical absorption peaks characteristic of Ag nanoparticles were observed. This is likely due to the
low concentration of the Ag dopants, which is consistent with the XRD results discussiedigly. However,
in samples containing both Ag and Au nanoparticlesZ®UAUZp-Ag5, and AtZp-Ag45), a noticeable blue
shift in the absorption peaks (from 545 nm to 528 nm) was observed, coinciding with the incréagedn
concentration and the reduction in film thickness. The characteristic absorption maxima for Au nanoparticles,
typically appearing between 52645 nm, arise from the Localized Surface Plasmon Resonance (LSPR) of
conduction electrons [6], as shown in theéts of Fig. 4(a). The raizely low intensity of these Au plasmon
peaks can be attributed to the low Au loading concentration. Since ZnO possesses a direct band gap [7], the
optical band gaji; was calculated using the Tauc equation:

h K rmrth E_gn )™

Where! A& | O2yaidl yi ¥iste ghéton fréqentcd) s tha optizal aadighapy dnd
Yy Tfor direct transition semiconductors. The Tauc plotgaifv} versus photon energkv are presented
in Figure 4(b), and the determindgj values are summarized in Table 1. The results show that the band gap
of the Z0, ZpAg5, and Z#\g45 films increases from 2.94 eV to 3.2 eV as the film thickness decreases from
3.1mmto 1.51nmm. Film thickness significantly influences the band gap of ZnO films [9]; typically, thicker films
exhibit a redshift (narrowing of the band gap) due to changes in carrier concentration. In this study, the
increase in Ag content and the corresponding daseein fiin thickness are the primary factors driving the
observed blueshift in the absorption spectra [1, 2].

The calculated optical band gajig)for AuZ0, AuZp-Ag5, and AtZp-Ag45 were found to be 2.88 eV,

2.99 eV, and 3.14 eV, respectively. Compared to their respective counterparts {€85Zand Z{#Ag45),

these samples exhibit a noticeable relift in their absorption edges. This shift cam &iktributed to the
interfacial electron transfer between the gold nanoparticles and the ZnO matrix, as well as the modified
optical transitions occurring within the ZnO film.

5x10° L

x10*

x10*

x10*

—— 70 === Au-Z0
—0—7p-Ag5 ==O==Au-Zp-Ag5
e 7D-AQ45 === AU-Zp-Ag45

PL Intensity (a.u)

x
a
o
(S
1

400 500
Wavelength (nm)

Figure 5¢ Photoluminescence (PL) spectra of the synthesized ZBgBpZpAg45, AvZ0, AuZp-Ag5, and
Au-ZpAg45 samples; The inset shows the magnified PL spectra in the visible (Vis) light region

12
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Figure 5 illustrates the photoluminescence (PL) spectra of the ZBQZpZpAg45, AuZ0, AuZp-Agb,
and AuZp-Ag45 samples, excited by a 355 nm laser source. The PL spectra of all samples exhibit a strong
nearbandedge (NBE) emission in the UV regioilongside a very weak and broad visible (Vis) emission
originating from deegevel emissions (DLE) associated with intrinsic and extrinsic defects. Since the energy
levels of NBE and DLE often compete with each other, a reduction in defect centers typamslyo an
enhancement of the UV emission intensity [8]. As observed in Figure 5, the UV emission intensity of the Zp
Ag45 film is approximately 1.2 and 3.9 times higher than those of th&gBpand Z0 films, respectively.
Notably, for the Aedecorated amples (AtZ0, AWZp-Ag5, and AtZpAg45), only the UV emission is
prominent, while the visible emission spectra almost entirely disappear. This enhancement in the UV
emission for the ZAg5 and ZfAg45 films can be attributed to the Ag nanoparticles dateat on the ZnO
surface, which increase the population of excited charge carriers and promote the radiative recombination
rate [5-9].

In the case of the AdO sample, the UV emission intensity in the PL spectrum is enhanced by
approximately 2.35 times compared to that of Z0. Conversely, the intensities-8p-Ag5 and AwZpAg45
are quenched by approximately 3.67 and 7.3 times relativéheir counterparts, ZfAg5 and Z\g45,
respectively. In practice, the enhancement or quenching of PL emission is governed by the energy band
structures of the semiconductor and the metal, as well as the specific emission states and the direction of
energy or electron transfer at the metalemiconductor interface [6, 7]. In this study, the conduction band
(CB), valence band (VB), and degect level of ZnO are situated at 4.19 eV, 7.39 eV, and 5.09 eV,
respectively [4]. The Fermi lewvadl Au is approximately 5.1 eV [2, 3], which is in close proximity to the-deep
defect level of ZnO. This energetic alignment facilitates the transfer of defated electrons from ZnO to
the Fermi level of Au. Electrons at the Fermi level, under thaednfle of the sUiace plasmon resonance
(SPR) effect within the Au nanoparticles, are excited to higher energy states and can subsequently transition
(inject) into the conduction band of ZnO. Consequently, the UV emission intensity is enhanced while the
defectrelated visble emission is suppressed. The inhibition of defetated transitions in this manner leads
to an increased radiative recombination rate of electrons and holes, ultimately resulting in the observed
reduction in photocatalytic activity for the AZO film.

IV. CONCLUSION

The plasma jet technigue was successfully employed to decorate ZnO films with uniformly distributed
Ag nanoparticles, establishing a robust fabrication protocol. The simultaneous incorporation of both Ag and
Au nanoparticles was also investigated, revapbignificant modifications in the optical properties and the
band gap of the decorated material system compared to pristine ZnO. The observed band gap broadening
and the strong enhancement of UV emission played a pivotal role in modulating the photticaaatjvity
of the synthesized materials.
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FABRICATION AND INVESTIGATION OF PHOTOCAT@ARHDLCTION INTCH FUEL GAS OVER
(N, Ta) CODOPED TitWITH VARYING NITROGEN WEIGHT PERCENTAGES VIA THE MICROWAVE METHC

Summary

The band gap of Tis relatively wide, approximately 3.2 eV; therefore, sld@nnot absorb visible
light, leading to poor solar energy conversion efficiency into hydrogen. To narrow the band gap; donor
acceptor alloy doping is applied to Fi@aterials while simultaneously increasing the alloy concentration.
This approach not only reduces the band gap energy but also enhances light absorption in the long
wavelength region and decreases the overall effective mass [1].

Previous studies on (N, Ta)-doped Ti@synthesized via the hydrothermal method still face several
limitations, including being timeonsuming, the inability to adjust parameters mnghction, and the
requirement for extensive equipment that is difficult to clean. Furthermore, these studiestderelimited
to fixed masses of N and Ta dopants. Notably, the dopant mass significantly influences the band gap
alteration, crystal lattice transformation, and the variation in electtwie pairs within the mateal system,
thereby changing the optical properties of the material. Consequently, this study investigates the fabrication
of modified TiQ nanoparticles through (N, Ta) -dmping with varying Nitrogen (N) content using the
microwave method. This is a simple technique that allows for significantly shorter fabrication times compared
to the hydrothermal method. We have obtained systematic reskaesults regarding the photocataly@
reduction capacity int@CH fuel gas of the synthesized materials [2, 3

Keywords
(N, Ta) caloped TiQ , (N, Ta) caloped TiQwith varying nitrogen weight percentages

1.INTRODUCTION

To enhance the photocatalytic activity #iQ in the visible light region, numerous studies have
indicated that doping thdiQ matrix with nonmetals, particularly nitrogen (N), effectively narrows its band
gap. Consequently,-Noped TiG not only exhibits absorption capabilities within the visible spectrum but
also extends the lifetime of photogenerated electrons and holes. However, the substitution of N ifftithe
lattice can induce an increase in oxygen vacancies, which partially impairs the material's photocatalytic
performance. To further bolster this activity, we conducteedoping of N with a transition metal, specifically
Tantalum (Ta). By incorporating bolta and N at appropriate concentrations, charge neutrality between
positve and negative charges is achieved, oxygen vacancies are suppressed, and the-letéetiiteiime is
prolonged throughout the photocatalytic process [4].

2. MICROWAVE FABRICATION OF(NOR)

The (N, Ta) ecdoped Ti@samples were designated as TN1Ta, TN2Ta, TN3Ta, and TN4Ta,
corresponding to nitrogen (N) weight percentages of 6%, 7.5%, 9%, and 10.5%, respectively, while
maintaining a constant Tantalum (Ta) content of 0.5 wt.%.

1 Step * 11 mL offetraisopropyl orthotitanat TPOT) was mixed with 20 mUsdpropyl alcohol (IPA)
and stirred for 10 minutes.

1 Step 2 25% ammonium hydroxideHiOHwas added dropwise to the above mixture. The amount of N in
NH:OHwas calculated relative to the theoretical mass ok1a€ned in the reaction to achieve weight percentages
of 6%, 7.5%, 9%, and 10.5%T({i®). The resulting solutions were stirred for 1 hour at room temperature.

{ Step 3 Tantalum (Ta) was dissolved in a mixturdddiQ and HF acids. This-€antaining solution
was then added dropwise into the four previously prepared solutions (containing TPONHA and
H-O) such that the Ta/TiQveight percentage in all four samples remained constant at 0.5%.
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1 Step 4 The obtained solutions were placed in a microwave system operating at a power of 300 W
FYR I GSYLISNI G§dzZNB 2F wmmn ¢/ F2NIun YAydziSao

ISteps ¢ KS NBadz GAy3 LINPRdAzOGA 6SNB OSYGNARFdzASREZ
1 hour to obtain the final nanopatrticles: TN1Ta, TN2Ta, TN3Ta, and TN4Ta.

3. RESULTS AND DISCUSSION

3.1. Fabrication of (N, Ta) @woped TiG:with Varying Nitrogen Weight Percentagesa the

Microwave Method

By incorporating both Ta and N at appropriate concentrations, the neutralization of positive and
negative charges, the reduction of oxygen vacancies, and the increase in photogenerated holes collectively
lead to a decrease in the recombination rate of phgetnerated charge carriers. In this section, we investigate
the influence of (N, Ta) edoping with varying nitrogen weight percentages (6%, 7.5%, 9%, and 10.5%, while
maintaining a constant Ta content of 0.5 wt.%) on the crystal structure, morphologypdicd! properties
of TiQ. The four increasing nitrogen weight percentages correspond to the samples designated as TN1Ta,

TN2Ta, TN3Ta, and TN4Ta, respectively.

Figure 1¢ SEM images of samples (a) TN1Ta, (b) TN2Ta, (c) TN3Ta, and (d) TN4Ta

SEM images of (N, Ta)-doped TiQ samples fabricated via the microwaassisted method with
increasing nitrogen (N) weight percentages. From the SEM micrographs, it can be observed that the
synthesized TN1Ta, TN2Ta, TN3Ta, and TN4Ta samples consist of relatively uniform particlesswith siz

ranging approximately from 10 to 25 nm.

A: anatase phase TiO, (anatase phase)
s JCPD #21-1272
® g g 88 g
=5 g < == 8
=] <
© TNA4Ta
2
2 TN3Ta
i)
£
TN2Ta
TNITa
L ) v L |
20 30 40 50 60 70
26 (degree)

Figure 2¢ XRD patterns of TN1Ta, TN2Ta, TN3Ta, and TN4Ta samples
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Figure 2 illustrates the-May diffraction (XRD) patterns of the synthesized TN1Ta, TN2Ta, TN3Ta, and
TN4Ta samples. From the XRD results, the Miller indices of the diffraction peaks at (101), (004), (200), (211),
(105), and (204) are in perfect agreememth the anatase phase dfiQ (JCPDS card no.-2272). Based on
the SEM and XRD results, the fabricated TN1Ta, TN2Ta, TN3Ta, and TN4Ta samples ariGedifiezh
anatase phase structure and particle sizes ranging from 10 to 25 nm. In additidre tpatticle size
investigation via SEM images, the average crystallite size was estimated using the Scherrer equation based

on the parameters obtained from the XRD patterns:
T

I wei —
Where: D is the average crystallite sizds the Xray wavelength used in the XRD equipment ( T
M ® p n J pisthe)full width at half maximum (FWHM) of the diffraction peak, amlthe diffraction angle
of the (101) crystal plane.

Table 1
Average crystallite size and lattice parameters of TN1Ta, TN2Ta, TN3Ta, and TN4Ta samples.
Sample D (nm) FT'6 6)0 O 6)0 + )
TN1Ta 5,9 3,8065 9,514 137,85
TN2Ta 8,3 3,806 9,505 137,69
TN3Ta 7,1 3,8077 9,511 137,89
TN4Ta 6,4 3,809 9,511 137,99

The lattice parameters and unit cell volumes of the synthesized TN1Ta, TN2Ta, TN3Ta, and TN4Ta
al YL S& oSNB OFfOdzZ I SR dzaAy3d wASUHIOPSEtR NBTFRESYSyYy
results for the average crystallite size and lattice parameters of these samples are summafiabhif3.

According to the results in Table 1, the unit cell volume increases as the nitrogen (N) weight percentage in
the (N, Ta) calopedTiGincreases. This expansion is attributed to the fact that the ionic radite ¢f.46

YO Aa I NBSNIMDKInY ) DEF & yRTSAESPA2 YR O NE RNULAER BIT (0 K|
thus, the unit cell volume expands when N and Ta are incorporated infdi@erystal lattice. Furthermore,

the combination off@*andN* createsN¢ | 02y Ra O dmOJimandGbHXAXE BKYRE KNS HH
gumedpnTp ) X NBA&LISOI ATE'SdBrdeads K $he smalRst iKcelBumE in INBTNZTa

sample. Additionally, the TN2Ta sample exhibits the largest crystallite size (D = 8.3 nm), indicating that the
substitution of N> and Ta* ions forO* and Ti#*" ions is most significant, resulting in the highest degree of
lattice distortion. This maximum distortion in the TN2Ta sample facilitates the formation and growth of
nanoparticles. The XRD results and calculated lattice parameters clearly demonstrateeseage and

impact of (N, Ta) edoping onTiQwith varying nitrogen weighpercentages [5, 6].

1 T T T T 2 T T T T T

—e—TN1Ta
—&8—TN2Ta
—&—TN3Ta -
—+—TN4Ta

—e—TN1Ta
—&—TN2Ta
—8—TN3Ta

0.8 g
—+—TN4Ta ¢

n

Absorbance (a.u.)
(chv)"*(a.u.)

=
wn

0.2 -

300 400 500 600 700 800 25 2.7 2.9 3.1 33 35
Wavelength (nm) Photon Energy (eV)

Figureg 3 (a) UWis absorption spectra and (Bhe dependence af M K @ 6n phokom energyhv)
for TN1Ta, TN2Ta, TN3Ta, and TN4Ta samples
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Table 2
Absorption onset wavelengths and calculated band gap energies of
TN1Ta, TN2Ta, TN3Ta, and TN4Ta samples

No. Sample Absorption Onset (nm) Band gap energy (eV)

1 TN1Ta 4525 2,83

2 TN2Ta 4476 2,77

3 TN3Ta 438,2 2,74

4 TN4Ta 471,5 2,63

The caedoping ofTiGwith N and Ta affects not only the crystal structure but also the optical properties
of the material. Figure 3(a) shows the absorption spectra of TN1Ta, TN2Ta, TN3Ta, and TN4Ta. From the
absorption spectra in the visible light region, the absorption coieffit (") of the semiconductor is calculated
using the formulah ha = A(hA-Ej)Y? for direct band gap semiconductors, ahtia = A(ha-Ej)*for indirect
band gap semiconductors [110]. Where h is Planck’s congté@ithe incident light frequency,;And A are
proportionality constants, anélyis the band gap energfaased on the absorption spectra in Figure 3(a) and
the formulah hA = Ay(hA-Ey)?, the dependence of hn)*2 on the photon energyhn) for the samples was
calculated and presented in Figure 3(b). Furthermore, the calculated absorption onset wavelengths and band
gap energies for the samples are summarized in Table 2. In Figure 3(a), the absorption edges of TN1Ta, TN2Ta,
TN3Ta, and TN4Taagiually shift toward the visible light region, with absorption wavelengths ranging from
438.2 nm to 471.5 nm. Table 3.4 shows that the band gap of (N, Bapea TiGdecreases from 2.83 eV to
2.63 eV as the nitrogen weight percentage increases fromoa20.6%, which is significantly lower than that
of undopedTiQG (3.03 eV). This result is consistent with previous studies indicating thdoging theTiQ
lattice with the metal Ta and nemetal N narrows the band gap. This can be explained by the formation of
oxygen vacancies during (N, Tajdaping, which create shallow trap states that reduce the band gap. The
reduction in band gap energy extends thehtigabsorption range, thereby enhancing the photocatalytic
performance of the fabricated materigl8, 6].

3.2. Investigation ofCQ Photocatalytic Reduction intaCH Fuel over (N, Ta) Cdoped TiQ: with
Varying N Weight Percentages

The (N, Ta) edoping with increasing N content extends the light absorption range and enhances the
photocatalytic activity. Therefore, the TN1Ta, TN2Ta, TN3Ta, and TN4Ta samples were evaluated for their
ability to photocatalytically reduc€Q to CH. The samples were dispersed kO, followed by CQ
adsorption for 30 minutes, and subsequently irradiated by a 250 W mercury lamp. The amount of methane
produced was analyzed using Gas Chromatograyéiys Spectrometry (GC/MS).

The GC results for the samples are shown in Figure 4. The results indicate that the TN2Ta sample
yielded the highes€H concentration of 7.7% Y 2 tcap.B', while the TN4Ta sample showed the lowest at
4.13x Y 2 tcab.H'. TheCH concentrations for TN1Ta and TN3Ta were %27 2 tca.BH and 597« Y2 &3
fcat.h!, respectively. Despite having a lower N concentration and a wider band gap, the TN2Ta sample
exhibited the besiCQ reduction performance. This is attributed to the stoichiometryTat* and N* ions,
which resulted in the smallest unit cell volume among the samples and the presence of numerous electron
hole pairs. Consequently, TN2Ta with 7.5% N doping proved to be the most effect@@ furotocatalytic
reduction inb CHfuel.
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Figure 4c CH concentration generated from the photocatalytic reduction@® under visible light
irradiation over TN1Ta, TN2Ta, TN3Ta, and TN4Ta samples

3.3. CONCLUSION

The successful synthesis of (N, Tadoped TiQ was investigated, demonstrating the significant
influence of cedoping on the crystal structure, morphology, particle size, and optical properties compared
to pristine TiQ. (N, Ta) caloped TiQ exhibited high photocatalytic activity. Specifically, the fabrication of
modified TiQ nanopatrticles via a microwasassisted method with varying nitrogen weight percentages (6%,
7.5%, 9%, and 10.5%) was analyzed in ddthd.cedoped samples showed a substantiadiuction in band
gap energy, ranging from 2.83 eV to 2.63 eV compared to 3.2 eV for the undoped sample, thereby enhancing
the photocatalytic performance of the materials under visible light. The (N, Tddpmed TiQx system was
further evaluated for its application in the photocatalytic reductiorC@into CH. The results indicated that
the TiQ sample modified with 7.5 wt.% N (TN2Ta) yielded the highest methane production rat@&%f
x Y 2 tcan B
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Yamshchikov Nikita Sergeevich
Ulyanovsk State University
Ulyanovsk, Russian Federation

PROBLEMS OF LEGAL REGULATION OF A MARRIAGE CONTRACT IN RUSSIA

Abstract
Relevance. In recent years, according to statistics from the Federal Notary Chamber, the number of
marriage contracts in Russia has increased b{5P® annually, making their legal regulation particularly
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important. This is because there are many controversial issues in practice that require analysis and legislative
changes.

The purpose of this study is to identify gaps and contradictions in the legal regulation of prenuptial
agreements, analyze court practices related to disputes related to their invalidation, and formulate proposals
for improving the legislation.

Methods. The study was conducted using the following methods: the faegal method was used
to analyze the norms of the Family Code of the Russian Federation and the Civil Code of the Russian
Federation; the systemic method was used to identify thetieteship between the norms on a prenuptial
agreement and other institutions of family and civil law; and content analysis was used to study scientific
publications on the prenuptial agreement.

wSaSIFNOK NBadzZ Gad ¢KS Fylfteara NBGFSHESR aSOSN.
dzy I @2NIF 6t S aAddzr iA2yn Ay LI NFIAINFLK o 2F ! NLAOES
often leading judges to make decisions basegersonal opinions rather than clear criteria, resulting in the
invalidation of marriage contracts. Secondly, there is uncertainty about how to properly divide the debts of
spouses and protect the rights of creditors. Thirdly, there are challenges in areting new types of
property, such as digital assets, into the contract. Fourth, there are contradictions in notary practice when
certifying contracts with noistandard conditions.

Conclusions. The legal regulation of a prenuptial agreement in Russia faces a number of significant
challenges. Key issues include the uncertainty surrounding the definition of "extremely unfavorable
circumstances," difficulties in distributing debt obligas, the lack of rules for new types of property, and
limitations on the content of the agreement. Addressing these challenges requires a comprehensive
approach that includes legislative changes, the development of guidelines for notaries and coutts and
promotion of legal literacy among citizens.

Keywords
marriage contract, family law, property relations between spouses, extremely unfavorable situation,
notarization, and problems with law enforcement.
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