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1-(4-BROMFENOKSI)PROPIN-2 VA UNING DIMERIZATSIYA MAHSULOTI - 1,6-BIS(4-BROMFENOKSI)GEKSADIIN-2,4 NING
BIOLOGIK FAOLLIKLARINI NAZARIY O‘RGANISH VA QIYOSIY TAQQOSLASH
Annotatsiya
Mazkur magolada PASS (online) dasturi orgali 1-(4-bromfenoksi)propin-2 va uning dimeri — 1,6-bis(4-bromfenoksi)geksadiin-2,4 larning biologik
faolliklari aniglangan, shuningdek giyosiy tahlil gilib o‘rganilgan.
Kalit so‘zlar: farmakologik aktivlik, farmakologik inaktivlik, Pass (Prediction of activity spectra for substances), biologik faollik, 1-(4-
bromfenoksi)propin-2, ingibitor, 1,6-bis(4-bromfenoksi)geksadiin-2,4.

TEOPETHYECKOE MCCJEIOBAHUE U CPABHUTEJIbHOE CPABHEHUE BUOJOTMYECKOM AKTUBHOCTH 1-(4-
BPOM®EHOKCHW)ITPOIIMHA-2 U IPOAYKTA EI'O JUMEPHU3ALIUMU - 1,6-BUC(4-BPOMPEHOKCH)'EKCA/TUEHA-2 .4
AHHOTaIUA
B nanHoii cTathe ¢ noMomipio nporpamMmel PASS (oHuaiin) onpejiesnieHa OHOJIOrHYecKas akTUBHOCTh 1-(4-OpoM(peHoKeH)ponnHa-2 1 ero qumepa

- 1,6-6mc(4-6pomdeHokcn)rexcaaunna-2,4, a TakKe H3y4eHbI ITyTeM CPaBHUTEIBHOTO aHAIH3a.
KuroueBble ciioBa: (apmakosornieckas aKTHBHOCTb, (papMakonorudeckas HeakTHBHOCTh, Pass (IIporHosupoBaHHEe CHEKTPOB aKTHBHOCTH
BEIIECTB), OUOJIOTMYECKast aAKTUBHOCTD, 1-(4-0poMdeHokcr)nponuH-2, uHruéuTop, 1,6-6uc(4-6pomberokcu)rexcaaunna-2,4.

THEORETICAL STUDY AND COMPARATIVE COMPARISON OF BIOLOGICAL ACTIVITIES OF 1-(4-
BROMOPHENOXY)PROPYNE-2 AND ITS DIMERIZATION PRODUCT - 1,6-BIS(4-BROMOPHENOXY)HEXADIINE-2,4
Annotation
In this article, the biological activities of 1-(4-bromophenoxy)propyn-2 and its dimer - 1,6-bis(4-bromophenoxy)hexadiin-2,4 were determined by

PASS (online) program, as well as studied by comparative analysis.
Key words: pharmacological activity, pharmacological inactivity, Pass (Prediction of activity spectra for substances), biological activity, 1-(4-
bromophenoxy)propyne-2, inhibitor, 1,6-bis(4-bromophenoxy)hexadiine-2,4.

Kirish. Almashingan arilpropargil efirlar uch bog* va efir guruhi tutgan birikmalarning muhim turlaridan biri hisoblanadi. Hozirgi paytda
ushbu guruh birikmlarining biologik faolliklarini o‘rganish yo‘nalishining intensiv rivojlanishiga zamonaviy fizik-kimyoviy tadgiqot usullarining
takomillashib borishi sababchi bo‘lmoqda. Eng asosiysi, molekulyar, hujayra va to‘qimalar darajasida biologik faol moddalarning ta’sir qilish
mexanizmlari tadqiq gilinmogda. Almashingan arilpropargil efirlar hozirgi paytda tibbiyotning va kimyoning muhim biokimyoviy jarayonlarida
ingibitorlovchi va bir qancha kasalliklarga garshi vosita sifatida keng qo‘llanilib kelinmoqda. Ushbu xususiyatlari tufayli almashingan arilpropargil
efirlarining dimeri hisoblangan almashingan diarildipropargil efirlari ham biokimyoviy jarayonlarda qo‘llaniladigan ingibitorlar ishlab chigarishda
foydalaniladi. Bundan tashqari, tibbiyotda terining gichish xusuisyatiga ta’siri, rux moddasining yetishmovchiligi, ko‘zning toksikligi, ich ketishi,
embriotoksiklik, uyquning buzilishi, nafas olishning yetishmovchiligi, yallig‘lanish, shishish, ko‘zning qichish xususiyati, o‘pka shishishi,
oshqozon yarasi va siydik rangi o‘zgarishi kabi kasalliklarga qarshi biologik faolliklarini namoyon gilgan [1].

Biz ushbu ishimizda 1-(4-bromfenoksi)propin-2 (monomer) va uning dimerizatsiya mahsuloti bo‘lgan 1,6-bis(4-bromofenoksi)geksadiin-
2,4 ning (dimer) Pass (online) dasturida olingan biologik faolliklarini o‘rganib chiqdik, shuningdek ularning qiyosiy tahlilini o‘tkazdik .

Boshga tomondan, 1,6-bis(4-bromofenoksi)geksadiin-2,4 molekulasi o‘zining monomeriga nisbatan murakkabligi tufayli biologik
faollikni oshirish yoki o‘zgartira olish imkoniyatini beradi. Diasetilenlar o‘zlarining noyob elektron xususiyatlari bilan ahamiyatli bo‘lib, ularning
biologik sistemalar bilan o‘zaro ta’sirni o‘rganish uchun istigbolli birikmalar hisoblanadi. Ushbu tadqiqotlar mazkur birikmalarning biologik
faolligini nazariy o‘rganish uning xossalarini bashorat qilish va tuzilishi nisbatan oddiyroq birikma uchun olingan eksperimental ma’lumotlar bilan
solishtirish uchun o‘tkaziladi [2].

Shuni ta’kidlash kerakki, ushbu qiyosiy tadqiqot brom atomlarining molekulaga qo‘shilishi va diasetilen asosining shakllanishi kabi
strukturaviy o‘zgarishlar ushbu birikmalarning biologik faolligiga qanday ta’sir qilishini tushunishga garatilgan. Tajribaviy va nazariy
ma’lumotlarni o‘rganish orqali ushbu tadqiqot molekulyar tuzilish, birikmalarning biologik sistemalardagi samaradorligi va kuchiga qanday ta’sir
qilishini chuqurrog tushunishga yordam beradi.

Olingan natijalar tahlili. Almashingan diarildipropargil efirlarining galogenli hosilalarining biologik faolligini o‘rganish va ularning
kimyoviy reaksiyalardagi ingibirlovchi va inson salomatligiga ta’siri borasida olib borilgan ilmiy tadgiqotlarda 1,6-bis(4-bromofenoksi)geksadiin-
2.4 ning bir qancha foydali xususiyatlari borligi aniqlangan, ammo ularning ta’sir qilish mexanizmi haligacha to‘liq o‘rganilmagan.

PASS online dasturi struktura-biologik faollik printsipida ishlaydi. Farmakologik faolligi Pa>0.7 giymatidan yuqori bo‘lgan hollarda,
moddaning faolligi berilgan kasalliklarga nisbatan yuqori bo‘lish ehtimoli kuzatiladi [3].

Boshlang‘ich moddadagi olingan natijalarda asosan moddaning turli xil ingibitorlarga nisbatan biologik faol ekanligi aniqglandi va uning
dimerizatsiya reaksiyasini olib borish, hosil bo‘lgan moddaning biologik faolligini o‘rganish natijasida boshlang‘ich moddadagi 8 ta ingibirlovchi
xossalarning Pa giymati sezilarli darajada oshishi kuzatildi [4].

1-jadval
1-(4-bromfenoksi)propin-2 va 1,6-bis(4-bromofenoksi)geksadiin-2,4 ning PASS (online) dasturida olingan biologik faolliklarining giyosiy tahlil
jadvali
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Ne Faolligi aniglangan sohasi Monomer [ Dimer

Pa giymati
1 Aspulvinon dimetilaliltransferaza ingibitori 0,913 0,932
2 Feruloil esteraza ingibitori 0.870 0,902
3 Prolil aminopeptidaza ingibitori 0,836 0,893
4 Sentromere bilan bog‘lig protein ingibitori 0,753 0,821
5 Sakkaropepsin ingibitori 0,711 0,770
6 Ximozin ingibitori 0,711 0,770
7 Akrosilindropepsin ingibitori 0,711 0,770
8

Xlordekon reduktaza ingibitori 0,705 0,770

EMonomer MDimer

1-diagramma. 1-(4-bromfenoksi)propin-2 va 1,6-bis(4-bromofenoksi)geksadiin-2,4 ning PASS (online) dasturida hisoblangan biologik
faolliklarining giyosiy tahlil diagrammmasi

Aspulvinon dimetilalliltransferaza ingibitori. Enzimologiyada aspulvinon dimetilalliltransferaza (EC 2.5.1.35) kimyoviy reaksiyani
katalizlovchi fermentdir.

2 dimetilallil difosfat + aspulvinon E = 2 difosfat + aspulvinon H

Shunday qilib, ushbu fermentning ikkita substrati dimetilallil difosfat va aspulvinon E, uning ikkita mahsuloti esa difosfat va aspulvinon
H [5].

Feruloil esteraza ingibitori. Feruloil esteraza fermenti (EC 3.1.1.73) reaksiyani katalizlaydi.

feruloil-polisaxarid + H,O = ferulat + polisaxarid

Bu ferment gidrolazalar oilasiga, xususan, murakkab efir bog‘lariga ta’sir qiluvchi fermentlarga tegishli [6].

Prolil aminopeptidaza ingibitori. Prolil aminopeptidaza (EC 3.4.11.5, prolin aminopeptidaza, Pro-X aminopeptidaza, sitozol
aminopeptidaza V, prolin iminopeptidaza) ferment hisoblanadi. Bu ferment peptiddan N-terminal prolinning ajralib chigishi reaksiyasini
katalizlaydi. Bu fermentning ishlashi uchun Mn?* ioni kerak [7].

Dastur ma’lumotlariga ko‘ra 1,6-bis(4-bromofenoksi)geksa-2,4-diin ning o‘rganilgan faolliklari ichida aspulvinon dimetilaliltransferaza
va feruloil esteraza ingibitorlari faolliklari Pa giymatlari 0.9 dan yuqori bo‘lib qolganlariga nisbatan yuqori faolliklarga ega, hamda golgan
ingibitorlarning ham, shuningdek, prolil aminopeptidaza va sentromere bilan bog‘liq protein ingibitorlarida ham Pa giymatlari 0.8 dan yuqori
giymatlarni qayd etdi.

2-jadval
1-(4-bromfenoksi)propin-2 va 1,6-bis(4-bromofenoksi)geksadiin-2,4 ning PASS (online) dasturida olingan biologik inaktivliklarining giyosiy
tahlil jadvali
Ne Inaktivligi aniglangan sohasi Monomer | Dimer
Pa giymati
1 Psixomotor buzilish 0,828 0,643
2 Gipomagnezemiya 0,683 0,748
3 Mushaklar zaifligi 0,657 0,553
4 Spermitsid 0,555 0,634
5 Ko‘rish keskinligining buzilishi 0,512 0,517

HMonegmer HDimer

OeHOBHOM

,,\“O
(6]
2-diagramma. 1-(4-bromfenoksi)propin-2 va 1,6-bis(4-bromofenoksi)geksadiin-2,4 ning PASS (online) dasturida hisoblangan biologik
inaktivliklarining giyosiy tahlil diagrammmasi
Olingan natijalarga ko‘ra boshlang‘ich modda psixomotor buzilish, gipomagnezemiya, mushaklar zaifligi, spermitsid va ko‘rish
keskinligining pasayishi kabi tibbiy kasalliklarga nisbatan biologik inaktivlik giymatlarini gayd etdi. Ammo biz sintez gilib olgan ushbu
boshlang‘ich moddaning dimeri ushbu tibbiy kasalliklarining ba’zilarida boshlang‘ich moddaga nisbatan biologik inaktivlik giymatlari sezilarli
darajada kamayishiga guvoh bo‘ldik.
Gipomagnezemiya. Gipomagnezemiya - bu qondagi magniyning g‘ayritabiiy darajada pastligi bilan tavsiflangan tibbiy holat. Magniy
tanadagi turli funksiyalarda, jumladan mushak va asab funksiyasida, energiya ishlab chiqarishda va suyaklarning sog‘lom bo‘lishida hal giluvchi
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rol o‘ynaydigan muhim elementdir. Gipomagnezemiyaga noto‘g‘ri ovqatlanish, magniyning so‘rilishiga ta’sir qiluvchi oshqozon-ichak kasalliklari
yoki magniy darajasini kamaytiradigan ba’zi dorilar kabi omillar sabab bo‘lishi mumkin [8].

Spermitsid. Spermitsid - homiladorlikning oldini olish uchun jinsiy alogadan oldin vaginal kiritiladigan spermani yo‘q giladigan
kontratseptiv moddadir. Kontratseptiv vosita sifatida spermitsidni yolg‘iz ishlatish mumkin. Biroq, faqat spermitsidni qo‘llagan juftliklar boshdan
kechirgan homiladorlik darajasi boshga usullarni qo‘llagan juftliklarga qaraganda yuqori. Odatda, spermitsidlar diafragma, prezervativ, servikal
qopqoq va gubkalar kabi kontratseptiv to‘siq usullari bilan birlashtiriladi. Kombinatsiyalangan usullar har ikkala usuldan ko‘ra homiladorlikning
pastroq bo‘lishiga olib keladi. Spermitsidlar odatda hidsiz, shaffof, ta’msiz, bo‘yalmaydi va moylash xususiyatiga ega moddalar [9].

Psixomotor buzilish. Psixomotor buzilish shaxsda fikrlashning sekinlashishi va jismoniy harakatlarning qisqarishini o‘z ichiga oladi. Bu
jismoniy va hissiy reaksiyalarning, jumladan nutq va ta’sirning sezilarli sekinlashishiga olib kelishi mumkin. Psixomotor buzilish ko‘pincha jiddiy
depressiyaga uchragan va bipolyar buzuqlikning depressiya bosqichida bo‘lgan odamlarda kuzatiladi, bu shuningdek, benzodiazepinlar kabi ba’zi
dorilarning sa’lbiy ta’siri bilan bog‘liq [10].

Tajriba gism. Almashingan arilpropargil efiri va uning dimerining, jumladan 1,6-bis(4-bromofenoksi)geksadiin-2,4 ning strukturasi
Chem Office dasturining ChemDraw Ultra gismida mol faylida chizildi va PASS (online) dasturi yordamida ularning ayrim ingibirlovchi xossalari
hamda ba’zi kasalliklarga garshi farmakologik faolliklari va toksikliklari o‘rganildi va bir-biri bilan solishtirildi.

Xulosa. Pass (online) dasturida 1,6-bis(4-bromofenoksi)geksadiin-2,4 va uning dastlabki monomerining biologik faolliklari o‘rganilganda
barcha ingibitorlarga nisbatan, aspulvinon dimetilaliltransferaza va feruloil esteraza ingibitorlari ancha biologik faol ekanligi aniglandi, bundan
tashqari, gipomagnezemiya, spermitsid, psixomotor buzilish, mushaklar zaifligi va ko‘rish keskinligining buzilishiga biologik sa’lbiy ta’sir etishi,
ya’ni shu kabi tibbiy kasalliklarga nisbatan biologik inaktivliklarni qayd etdi va bir-biriga nisbatan giyosiy solishtirildi. Almashingan arilpropargil
efirlarning dimerlanishi va molekulasida brom atomlarining, ya’ni galogen guruhining bo‘lishi uning aktivligini ortishiga, shu bilan bir qatorda
inaktivlik qiymatining kamayishiga va ortishiga ham sabab bo‘lishi mumkinligi nazariy o‘rganildi va qiyosiy taqqoslandi.
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MEMBRANA O‘TISH KANALLARI HOSIL BO‘LISHIDAGI MEMBRANA MODIFIKATSIYASI, KANAL O‘LCHAMI, TASHQI
SHAROITLAR VA MEXANIK OMILLARNING ROLI
Annotation
Membrana o‘tish kanallari hosil bo'lishi turli tashqi sharoitlar, mexanik kuchlar va membrana tuzilishining o'zgarishi bilan bog'liq. Ushbu magolada
elektr maydoni ta'sirida membranada kanallarining shakllanishi, kanal o'lchamining ahamiyati va boshga omillar tahlil gilinadi. Bu jarayonlarni
chuqur o'rganish hujayra biologiyasi va tibbiyotda yangi yondashuvlarga olib keladi.
Kalit so‘zlar: Membrana o‘tish kanallari, elektr maydoni, mexanik kuchlar, kanal o'lchami.

POJIb MOJTAPUKAIIMA MEMBPAHBI, PASMEPA ITIOP, BHEIITHUX Y CJIOBUII U MEXAHUYECKHUX ®AKTOPOB B
OBPA30OBAHUU IIOP
AHHOTaIUA
O0pa3oBanue op B MeMOpaHaXx CBSA3aHO C BHELUIHUMU YCJIOBUSIMU, MEXaHUYECKUMU CHIIaMH U U3MEHEHUSIMU CTPYKTYpbl MeMOpaHsbl. B aToii cratbe
aHaNu3Hupyercst (OpMHUPOBAHUE ITOP B MeMOpaHEe IO BO3JIECHCTBHEM JJIEKTPHYECKOro IOJIS, 3HAYMMOCTh pa3Mepa HOp M IPYTHX (haKkTopoB.
T'myGokoe n3ydeHue 3TUX MPOLECCOB MPUBEAET K HOBBIM I10JIX0JJaM B KJIETOYHOW OMOJIOTHU U MEAMIMHE.
Kumoueblie ciioBa: OOpa3oBaHHe HOp, JMEKTPUUECKOE MOJIE, MEXaHUYECKHUE CHIIBI, pa3Mep 1op.

THE ROLE OF MEMBRANE MODIFICATION, PORE SIZE, EXTERNAL CONDITIONS, AND MECHANICAL FACTORS IN
PORE FORMATION
Annotation
Membrane pore formation is influenced by external conditions, mechanical forces, and changes in membrane structure. This article analyzes pore
formation under the influence of an electric field, the importance of pore size, and other factors. A deeper understanding of these processes will
lead to new approaches in cellular biology and medicine.
Key words: Membrane pore formation, electric field, mechanical forces, pore size.

Introduction. Membrane pore formation is a dynamic and multifaceted process that plays a crucial role in various biological, biophysical,
and medical applications. Moreover, the integrity of the cell membrane is essential for maintaining cellular homeostasis, as it regulates the transport
of ions, molecules, and nutrients between the intracellular and extracellular environments [1]. Understanding these influences is vital for
comprehending how cells respond to external stimuli, adapt to environmental changes, and regulate critical processes such as signal transduction,
nutrient uptake, and waste removal. One of the primary factors influencing pore formation is the composition and structure of the membrane itself.
These modifications, whether naturally occurring or experimentally induced, can significantly impact the membrane's propensity to form pores
under stress or stimulation [2]. External conditions, such as pH, ion concentration, and temperature, also play a significant role in determining the
likelihood and characteristics of pore formation. Changes in the surrounding environment can affect the electrostatic interactions between
membrane components, leading to alterations in membrane tension and permeability. For example, fluctuations in pH can influence the ionization
state of membrane lipids and proteins, thus affecting their interaction and the membrane's overall stability. Mechanical factors, including membrane
tension, shear forces, and compression, are also critical determinants of pore formation. These forces can arise from the cell's interaction with its
environment, mechanical stress, or the action of external agents such as physical probes or applied pressure [3]. By examining these factors, we
can gain deeper insights into the mechanisms governing pore formation and the implications for cellular physiology, biophysical research, and
potential applications in fields such as drug delivery, gene therapy, and biotechnology. [4]. Cells undergoing processes like endocytosis, exocytosis,
and vesicle trafficking utilize controlled pore formation to facilitate the exchange of molecules between compartments. In medical applications,
controlled pore formation techniques such as electroporation are employed to introduce therapeutic agents, such as drugs or genetic material, into
target cells, enhancing the efficiency of treatments for various diseases. Such an understanding is crucial for developing innovative strategies to
manipulate membrane permeability, whether for therapeutic purposes, improving industrial processes, or advancing research in cellular and
molecular biology [5].

Membrane Modification and Its Role in Pore Formation. Membrane modification refers to the changes in the composition, structure,
and organization of the cell membrane, which can significantly impact the process of pore formation. The cell membrane's ability to form pores is
heavily influenced by the types of lipids, proteins, and other molecules present, as well as how these components interact with each other [6].
Understanding how modifications in these components affect pore formation is crucial for comprehending how cells adapt to various physiological
and environmental conditions. The lipid bilayer is the fundamental structural component of the cell membrane, composed mainly of phospholipids
with varying fatty acid chains, cholesterol, and other lipid molecules. The composition and arrangement of these lipids determine the membrane's
fluidity, thickness, and overall stability, which in turn influence the likelihood and characteristics of pore formation. The degree of saturation in the
fatty acid chains of phospholipids plays a critical role in membrane fluidity. Saturated fatty acids have straight chains that pack tightly together,
resulting in a more rigid and less permeable membrane. In contrast, unsaturated fatty acids contain one or more double bonds, introducing kinks in
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the chains that prevent tight packing, thus increasing membrane fluidity. Membranes with a higher proportion of unsaturated fatty acids are more
prone to pore formation, as the increased fluidity makes it easier for lipids to reorganize and form transient or permanent pores. Cholesterol is
another important component that modulates membrane fluidity and stability. At physiological temperatures, cholesterol interacts with phospholipid
tails, making the membrane more rigid and less permeable. However, cholesterol can also prevent the membrane from becoming too rigid at lower
temperatures, maintaining an optimal level of fluidity [7].
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Figurel. Free energy profiles (FEPs) of the hydrophilic RONS, across the native and modified phospholipid bilayers (PLBs). Native DOPC
PLB, with P and N atoms illustrated as larger beads for clarity. (b) Schematic depiction of the DOPC lipid molecule in its native, oxidized
(DOPC-ALD), and nitrated (DOPC-NIT) states. Reprinted/adapted with permission from Ref.[8]. 2023, The Authors.

Cholesterol-rich domains, often referred to as "lipid rafts,” can influence pore formation by creating microenvironments that either
facilitate or hinder the process, depending on their organization and interaction with other membrane components. The charge and polarity of
phospholipid head groups also affect membrane behavior. For example, phosphatidylcholine (PC) is a neutral phospholipid that contributes to
membrane stability, while phosphatidylserine (PS) carries a negative charge and is more likely to participate in interactions with positively charged
ions or molecules [9]. These electrostatic interactions can create localized regions of instability, promoting pore formation under certain conditions.
Proteins embedded within the lipid bilayer, such as integral and peripheral membrane proteins, play a crucial role in maintaining membrane structure
and function. These proteins can influence pore formation through their interactions with lipids and other proteins, as well as through their own
structural changes. Many transmembrane proteins span the entire lipid bilayer, and their movement or conformational changes can induce localized
stress on the membrane, leading to pore formation [10]. The distribution of lipids and proteins across the inner and outer leaflets of the membrane
is often asymmetrical, which can affect pore formation. For example, the outer leaflet may have more glycosphingolipids, while the inner leaflet is
enriched in phosphatidylserine (PS) and phosphatidylethanolamine (PE). Membrane modification refers to the changes in the composition,
structure, and organization of the cell membrane, which can significantly impact pore formation. [6].

Effect of Pore Size on Membrane Permeability and Cellular Outcomes. Pore size is a critical factor that determines the permeability
of the membrane and the nature of molecules that can pass through it. Pores can range from small, transient openings that allow selective ion
passage to larger, more stable structures capable of permitting the movement of macromolecules [11]. Nano-pores are small pores with diameters
ranging from 0.5 to 2 nanometers. These pores allow the selective passage of small ions, water molecules, and certain metabolites while preventing
the movement of larger molecules. Many ion channels in biological membranes operate as nano-pores, regulating the movement of ions such as
sodium (Na*), potassium (K*), calcium (Ca?*), and chloride (CI"). The selective permeability of these channels is essential for maintaining cellular
homeostasis, generating electrical signals in nerve and muscle cells, and facilitating intracellular communication. Aquaporins are specialized protein
channels that form nano-pores, allowing the rapid and selective transport of water molecules across the membrane. This process is critical for
regulating water balance in cells and tissues, particularly in organs such as the kidneys and plant roots. These temporary pores allow for the rapid
exchange of small molecules and ions, enabling cells to adapt to fluctuating environmental conditions. Macro-pores are larger openings, typically
greater than 2 nanometers in diameter, which can allow the passage of larger molecules, such as proteins, nucleic acids, and even entire organelles
in some cases [12].
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Figure 2. Snapshots capturing the pore formation process, extracted from the MD trajectory: (a) at 0 ns, (b) 38.96 ns. Schematic illustrations of
the native DOPC and nitrated DOPC (DOPC-NIT). Dependence of the pore formation time on the electric field. Reprinted/adapted with
permission from Ref.[13] 2024, The Authors.
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For instance, during apoptosis, certain proteins increase membrane permeability by forming larger pores, enabling the release of
cytochrome ¢ and other pro-apoptotic factors [14]. Pore size is a determining factor in the permeability and functionality of cell membranes. While
nano-pores facilitate selective ion and water transport, macro-pores can lead to significant changes in cellular integrity, often resulting in cell death.
Understanding how pore size influences membrane behavior is crucial for applications in biotechnology, medicine, and fundamental cell biology
[11].

External Conditions and Their Impact on Membrane Pore Formation. External conditions such as pH, ion concentration, and
osmotic pressure play a significant role in influencing membrane stability and the likelihood of pore formation. These factors can affect the
membrane's charge distribution, fluidity, and overall structural integrity, making it more or less susceptible to pore formation. Understanding how
these external conditions interact with the membrane is crucial for gaining insights into cellular adaptability and responses to environmental changes
[15]. The pH of the surrounding environment can have a profound impact on the charge distribution and ionization state of membrane lipids and
proteins, leading to alterations in membrane stability and permeability. The membrane's surface is often negatively charged due to the presence of
phospholipids such as phosphatidylserine (PS) and phosphatidylinositol (PI). At acidic pH levels (low pH), the protonation of these negatively
charged groups reduces electrostatic repulsion between lipid molecules, leading to tighter packing and a more stable membrane. Conversely, at
higher pH levels (alkaline conditions), deprotonation increases the negative charge on the membrane surface, resulting in increased electrostatic
repulsion, membrane thinning, and enhanced susceptibility to pore formation. Membrane proteins often contain amino acid residues with pH-
sensitive side chains that can alter their charge state in response to changes in pH. These changes can induce conformational shifts, which, in turn,
affect protein-lipid interactions and create localized regions of instability in the membrane. These regions become potential sites for pore formation,
particularly when external stimuli are present. The concentration of ions in the surrounding medium can significantly influence the transmembrane
potential, which is a driving force for pore formation. Changes in ion concentration can modify the electrochemical gradient across the membrane,
leading to alterations in membrane tension and permeability. These divalent cations play a vital role in stabilizing the membrane by binding to
negatively charged phospholipid head groups, effectively neutralizing their charge and promoting tighter lipid packing. A decrease in Ca?* or Mg?*
concentrations results in reduced stabilization, making the membrane more prone to pore formation. In contrast, an influx of these ions can increase
membrane rigidity, reducing the likelihood of spontaneous pore formation. The balance of K* and Na* ions is crucial for maintaining the resting
membrane potential. An imbalance, such as an increase in extracellular K* concentration, reduces the transmembrane potential, thereby
destabilizing the membrane and facilitating pore formation. Conversely, increased Na* levels can enhance electrostatic interactions with the
membrane's surface, potentially inhibiting pore formation. Osmotic pressure, driven by differences in solute concentration across the membrane,
can generate water flow that exerts mechanical stress on the membrane, contributing to pore formation. In a hypotonic environment, water influx
leads to cell swelling and increased membrane tension, making the membrane more susceptible to pore formation. Conversely, in hypertonic
conditions, water efflux causes cell shrinkage and membrane invagination, which may also result in pore formation, particularly when accompanied
by other stress factors [16].

Mechanical Factors Influencing Membrane Pore Formation. Mechanical forces, such as membrane tension, shear stress, and
compression, significantly impact the structural integrity of the membrane and its ability to form pores. These forces can arise from interactions
with the external environment, cellular processes, or the application of external stimuli, and they play a crucial role in determining the dynamics of
pore formation. Membrane tension refers to the mechanical stress exerted on the membrane due to external forces or internal pressure. Increased
membrane tension can lead to lipid reorganization and the formation of pores [17]. When a membrane is subjected to external pressure or
compression, the lipid bilayer's structure is disturbed, leading to pore formation. This effect is often observed during physical trauma or in cells
subjected to mechanical stress, such as muscle cells during contraction. Stretching forces, such as those experienced by cells in tissues undergoing
deformation (e.g., skin, lung, or muscle cells), can cause the membrane to expand and thin out. This thinning effect reduces the energy barrier for
pore formation, making the membrane more susceptible to the initiation of pores. Mechanical factors, including membrane tension, shear stress,
and compression, play a significant role in modulating pore formation by inducing structural changes in the membrane. These forces act in concert
with chemical and environmental factors to regulate membrane permeability and adaptability [18].

Conclusion. Membrane pore formation is a dynamic and multifaceted process that plays a crucial role in various biological, biophysical,
and medical applications. Moreover, the integrity of the cell membrane is essential for maintaining cellular homeostasis, as it regulates the transport
of ions, molecules, and nutrients between the intracellular and extracellular environments. In conclusion, membrane pore formation is a dynamic
and regulated process governed by a complex interplay of chemical, physical, and mechanical factors. A deeper understanding of these mechanisms
will pave the way for innovative applications in diverse fields, ultimately contributing to advancements in biomedical technology, drug delivery,
and cellular biology.
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CHEMICAL SENSOR FOR CONTINUOUS MONITORING OF HYDROGEN SULPHIDE
Annotation

In the work, a highly-sensitive semiconductor sensor was developed that detects hydrogen sulfide from the composition of technological waste
gases and atmospheric air of the oil, gas, and chemical industries. It allows these sensors to be successfully used in small-sized, autonomous devices.
Manufactured sensors are designed to determine the amount of H,S in the atmosphere at maximum permissible concentration and higher
concentrations. The metrological characteristics and operational parameters of the sensors developed in the course of the research were examined.
The developed SC-H,S is characterized by high accuracy, reproducibility, and speed.

Key words: hydrogen sulfide, metal oxide, semiconductor sensor, gas-sensitive material, tungsten oxide, copper oxide, sol-gel technology.

XAMWYECKHWI CEHCOP JIUIsl HEMPEPBIBHOI'O MOHUTOPUHI'A CEPOBOJIOPOJIA
AHHOTaIUA

B pabore pa3paboTaH BBHICOKOUYBCTBHUTEIbHBIN MOJIYIPOBOAHUKOBBIA JaTUUK, OOHAPYKMBAIOIIMH CEPOBOLOPO/ B COCTABE TEXHOJIOIMYECKHX
OTXOSIIIUX I'a30B U aTMOC(EPHOT0 BO3AyXa HE(PTIHON, ra30BOH M XUMUIECKON IPOMBIIUICHHOCTH. DTO II03BOJISET YCIIEIIHO UCIIONB30BaTh 9TH
JIATYMKU B HEOOJIBIINX aBTOHOMHBIX YCTPOMCTBaX. BbllyckaeMble JaTYMKH NPeIHa3HAUEHbI [UIS onpeaeneHus konnuectsa HoS B armocdepe npu
IIAK u Oonee BBICOKMX KOHLEHTpauusX. M3ydeHbl METPOJIOTHMYECKHE XapaKTEPUCTHKH W SKCIUTyaTallMOHHbIE HapaMeTpbl JaT4uKOB,
pa3paboTaHHEIX B X0J1e HccenoBanuid. Paspabdorannsii [TTIC- H,S oTinmyaeTcs BBICOKOH TOYHOCTHIO, BOCIPOM3BOAUMOCTBIO U OBICTPOAEHCTBUEM.
KutroueBble ci10Ba: cepoBOJOPOI, OKCH/] METAILIA, OJIYIIPOBOJIHUKOBBII CEHCOP, Ta304yBCTBUTEIbHBII MaTepHall, OKCUJL BOIb(pama, 301b-Tellb
TEXHOJIOTHS OKCH/A MEJIH.

VODOROD SULFIDINING UZLUKSIZ NAZORATI UCHUN KIMYOVIY SENSOR
Annotatsiya

Ishda neft, gaz va kimyo sanoati texnologik chiqgindi gazlar va atmosfera xavosi tarkibidan vodorod sulfidini aniglovchi yugori sezgir
yarimo‘tkazgichli sensor ishlab chiqilgan. Ushbu sensorlarni kichik o‘lchamdagi, avtonom qurilmalarda muvaffaqiyatli ishlatishga imkon beradi.
Ishlab chigarilgan sensorlar atmosferada H,S miqdorini REM va undan ko‘p konsentratsiyalarda aniqlash uchun mo‘ljallangan. Tadqiqotlar
davomida ishlab chiqgilgan sensorlarning metrologik xususiyatlari va ekspluatatsion parametrlari o‘rganilgan. Ishlab chigilgan YaO*‘S-H,S yuqori
aniqligi, takrorlanuvchanligi va tezkorligi bilan xarakterlanadi.

Kalit so‘zlar: vodorod sulfidi, metall oksidi, yarimo‘tkazgichli sensor, gazsezgir material, volfram oksidi, mis oksidi zol-gel texnologiyasi.

Kirish. Zamonaviy texnologiyalardan foydalanishga asoslangan neft-gaz sanoat korxonalari chigindi gazlari tarkibida uchraydigan asosiy
zaharli komponentlardan biri vodorod sulfid gazidir[1-3]. Shu sababli neft va gazni gazib olish va qayta ishlash sanoat korxonalari texnologik
gazlari va atmosfera havosi tarkibidan vodorod sulfid gazi nazoratini tashkil etish analitik kimyoning dolzarb vazifalaridan biridir. Yuqori
konsentratsiyalarda, H,S gazi, hidni sezuvchi asab tizimini falaj giladi. Natijada uning hidi sezilmasdan qgoladi va bu hayot uchun katta xavf
tug‘diradi. Bu esa 0‘z navbatida vodorod sulfidining atmosfera havosi va texnologik gazlar tarkibidagi migdorini nazorat gilishni talab etadi [4-5].

Shu sababli texnologik chigindi gazlar tarkibidan zaharli tarkibiy gismlarni (jumladan, vodorod sulfidini) nazorat gilish uchun zamonaviy,
mustahkam, ekspress, selektiv usullar va sensorlarni yaratish va joriy etish muhimdir.

Ushbu ishning magsadi neft, gaz va kimyo sanoati texnologik chiqindi gazlar va atmosfera havosi tarkibidan vodorod sulfidini aniglovchi
yugqori sezgir yarimo ‘tkazgichli sensor ishlab chiqish va uning ko’rsatgichlarini tekshirishdan iborat.

Tadgigotning metodikasi. Yarimo‘tkazgichli sensorlarning (YaO‘S) ishlash prinsipi analiz qilinayotgan gaz mubhiti tarkibini
o‘zgartirishiga mos yarimo‘tkazgich materialini sezgir qatlamining elektrofizik xossalarini o‘zgarishiga asoslangan [6-7]. Ishda zol-gel
texnologiyasi yordamida tarkibiga metall oksidlari (Me,Oy) qo‘shilgan SiO, asosidagi gazsezgir materialga (GSM) ga ega bo‘lgan YaOS yaratildi
hamda uning H,S ga nisbatan sezgirligi o‘rganildi. Adsorbsiyalangan H,S molekulalari GSM ning sirt yuzadagi kislorod ionlari bilan
ta’sirlashganda quyidagi reaksiya sodir bo‘ladi:

H,S(gaz)+30(Me,O, dattiq) —SO,(gaz)+H,O(gaz)+3e” (1)

Natijada elektron Me,O, qavatiga o‘tib, uning o‘tkazuvchanligini oshiradi. Sensorning H,S ga nishatan sezgirligi quyidagi tenglamadan
foydalanib aniglanadi:

S=AR/Rhavo 2),

bundagi AR=(Rhavw—Rgz), Rnavo-Censorni havodagi qgarshiligi, Rg..—gaz muhitidagi garshiligi, metall oksidlarining gazlarga sezgirligi
gazsimon komponentlarning sirtga adsorbsiyalangan kislorod ionlari (02, O", Oy) bilan o‘zaro ta’siriga bog‘liq. Metall oksidi havoda bo‘lganda
dastlab unga adsorbilangan kislorod nanomaterialni o‘tkazuvchan yuza qavatidan elektronlarni tortib oladi:

Ox(g.)—0(ads.) 3
Oy(ads.)+e—0; (ads.)  (4)
1/20,+e—0O(ads.) (5)

Natijada elektronlari kam zona hosil bo‘ladi va GSM ning qarshiligi ortadi. Shuni ta’kidlash kerakki, yuzadagi adsorbsiyalangan kislorod
zarrachasining turi temperaturaga bog‘liq. Past temperaturalarda yarimo‘tkazgich yuzasida O, ning ionlashgan molekulalari O, ning migdoridan
yugori bo‘ladi. Yuqori haroratda yuzadagi kislorod asosan O va O% ionlari ko‘rinishida bo‘ladi. Xona haroratida Me,Oy yuzasidagi O, ionlarining
yugori konsentratsiyasi O,” va H,S orasidagi jarayonga yanada samarali ta’sir ko‘rsatadi va natijada sensorning yuqori sezgirligini ta’minlaydi.
Reaksiya natijasida ajraluvchi elektronlar o‘tkazuvchan gatlamga tushadi va gazsezgir gatlamdan o‘tayotgan tok migdori ortadi. H,S va O, orasida
boradigan reaksiya endotermik tavsifga ega bo‘lib energiya chigishi bilan boradi, natijada SO,, N,O molekulalari sirtdan tez desorbsiyalanadi.
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O‘tkazilgan tadgiqotlar H,S ni gazlar aralashmasi va atrof-muhit atmosfera havosi tarkibidagi migdorini nazoratida ishlatiladigan YaO‘S-
H,S ni ishlab chigishga imkon berdi. Sensorni sinovlar dasturiga uni o‘lchashga tayyor bo‘lish vagtini, dinamik va darajalash hususiyatlarini,
optimal harorat giymatini tanlash, hamda selektivligini aniqlash bilan bog‘liq quyidagi keltirilgan maxsus tajribalar kiritildi.

Olingan natijalar va ularning tahlili. Sensorning o ‘Ichashga tayyor bo‘lish vagtini aniglash. YaO*S-H.S ning ishga tayyor bo‘lish
vaqtini oddiy sharoitda o‘rganish uchun sensorni maxsus potensiometr KSP-4 ga uladik va YaO‘S-H,S orqali toza havo o‘tkazib, asosiy xato
uchraydigan zonada doimiy giymatdagi chiqish signalini aniqladik. O‘zi qayd giluvchi potensiometrning diagramma tasmasida sensor ishga
tayyorligini potensiometr yozishni boshlagandan asosiy xato zonasida signal chigishigacha optimal vagqtini gayd etdik. Vodorod sulfidli
sensorlarning tayyor bo‘lish vaqtini aniqlash natijalari 1-jadvalda keltirilgan.
1-jadval. Vodorod sulfid sensori ishga tayyor bo‘lish vagtini aniglash natijalari

Sensor ishining boshlanish - - CSM tafk'b' -
vagti (1), sek Si02/WO3 [ SIOz/WOz-l%CuO i [ SIO2/W03T5l%CuO [ Si02/W05-10%Cu0
' Gazsezgir qatlamning o‘tkazuvchanligi, I/R mOm™
3 0,2405 0,2865 0,3544 0,4802
6 0,2604 0,3101 0,3836 0,5198
9 0,2745 0,3269 0,4045 0,5480
12 0,2830 0,3368 0,4172 0,5650
15 0,2828 0,3370 0,4170 0,5650
20 0,2830 0,3370 0,4170 0,5650
25 0,2830 0,3370 0,4170 0,5650

Jadvalda berilgan ma’lumotlardan ko‘rinib turibdiki, gazsezgir materialning tarkibidan qat’iy nazar, sensor signali tajriba boshlanishidan (sensorga
gazlar aralashmasi berish boshlanishidan) 9-10 daqiqa davomida stabillashadi. Shunday qilib, gazsezgir qatlam tarkibidan qat’iy nazar, ishlab
chigilgan sensorlarning ishga tayyorgarlik vaqti 9-10 dagigani tashkil etadi.

Vodorod sulfidining sensoriga qo‘yiladigan asosiy talablardan biri bu uning dinamik xususiyati, ya’ni komponentni aniqlashning ekspressligini
yuqori bo‘lishi. Ishlab chiqilgan vodorod sulfid sensorining dinamik xususiyatlarini tekshirish uning vaqt bo‘yicha xususiyatlarini, ya’ni o‘tish
vaqti jarayonlarini o‘rganishni o‘z ichiga oladi. Tajribalarda vodorod sulfidning 0,2 % haj. konsentratsiyasidan foydalanildi. YaO‘S-H,S ning
dinamik xarakteristikalarini aniglash natijalari 2-jadvalda ko‘rsatilgan.

2-jadval. Vodorod sulfidining yarimo*tkazgichli sensorining dinamik ko‘rsatkichlari

HzS ning Sensorning dinamik Vaat. soniva
feur konsentratsiyasi, mg/m’ ko*rsatkichlar* Ya0'S-1 | YaO's-2 | Ya0°s-3 | Ya0°S-4 Ya0'$-5
Avralashmadaai H>S ning konsentratsivasi 100 ma / m*
1 100 to1 1 2 1 1 2
2 100 to,65 4 3 5 5 4
3 100 tog 7 7 7 8 8
4 100 tp 9 10 10 10 9

* to,1-signalni boshlanish vagti, s; to gs-doimiy vaqt, s; too—signal giymatini 90% ga erishish vaqti, s; t,—o‘lchash uchun sarf bo‘lgan vagtning
umumiy giymati, s.

Jadvaldan ishlab chigilgan sensorning signal giymatini boshlanish vagtini (to.1) 1-2 s, doimiy vaqti (toes) 5 S, 90% ga erishish vagti (too) 8
s va o‘Ichash uchun sarf bo‘lgan umumiy vaqti (t,) 9-10 s ekanligini ko‘rishimiz mumkin. Taqdim etilgan ma’lumotlar ishlab chigilgan sensor
yordamida H,S ni tezkor aniglash imkoniyatini tasdiglaydi.

YaO‘S-H,S signalining haroratga bog ‘ligligi. YaO*S-H,S ning H,S ga sezgirligi 50-500°C oralig‘ida o‘rganildi. Ushbu tadgigot natijalari
3 jadvalda keltirilgan. Olingan natijalardan ko‘rinadiki, sirt o‘tkazuvchanlik yoki sensorlar sezgirligining haroratga bog‘liqligi odatda monoton
bo‘lmagan (chiziqli bo‘lmagan) tavsifga ega. Vodorod sulfid ishtirokidagi tajriba natijasida GSM o‘tkazuvchanligining haroratga bog‘ligligidan
sensorning optimal ishchi harorati 325-350°C ekanligi aniglandi.

3-jadval. Vodorod sulfid sensori signalining temperaturaga bog'ligligi.
Gazsezgir plyonkaning tarkibi
Ne t/r Tajriba harorati,”C SiO2 /W03 [ Si02/WO3-1% CuO [ Si02/W03-5% CuO | Si02/W03-10% CuO

Sensor signali, 8gaz/do . Nis. bir.

1 50 0.80 0.85 0.94 1.02

2 100 0.86 093 0.99 1.07

3 150 0.92 0.97 1.06 112

4 200 0.96 1.01 112 1.24

5 250 1.06 1.12 1.25 1.84

6 300 117 1.25 1.55 229

7 325 1.23 1.34 1.86 2.55

8 350 1.29 1.38 1.93 2.52

9 400 1.28 1.31 1.85 2.38

10 450 119 1.25 1.79 2.25

500 1.05 1.18 1.70 210

11
Shunday qilib, nishatan tor harorat oralig‘i mavjud va unda yarimo‘tkazgich qatlamning aniqlanadigan gazga nisbatan sezgirligi maksimal bo‘ladi.
Vodorod sulfidni gayd gilishda SiO»/WO3+CuO ning sezgir gqatlami uchun GSM ning tarkibiga bog‘liq holda maksimal sezgirlikka erishiladigan
harorat 325-350°C ga teng. Sensor signalining GSM yuzasidagi harorat va sensorga beriladigan tok kuchlanishi qiymatiga bog‘ligligi tekshirildi.
Ushbu tadgigot natijalari 1-rasmda keltirilgan.
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1 -rasm. YaO*S-H,S signalining GSM ning harorati (°C) va sensorga beriladigan tok kuchlanishi (V) qiymatiga bog‘ligligi. Nuqta-
harorat, chiziq —sensorga berilgan tok kuchlanishi: 1- SiO,/WO;-5%CuO; 2- SiO»/WO;-10%CuO.

1-rasmda keltirilgan natijalar GSM yuzasida ma’lum bir haroratni ta’minlaydigan isitgichga beriladigan tok kuchlanishi giymatini
tanlashga imkon beradi. Keltirilgan ma’lumotlardan YaO*S-H,S sensorining eng yugori signaliga mos tok kuchlanishi giymati 2.0-2.1 V ga teng.
Shuning uchun vodorod sulfidning konsentratsiyasini aniglash bo‘yicha barcha keyingi tajribalar sensorga beriladigan kuchlanishni 2.0-2.1 V ga
teng optimal qiymatlarida o‘tkazildi.

Ba’zan xorijiy nashrlarda sensorning javobi deb nomlangan yarimo‘tkazgichli vodorod sulfid sensorining sezgirligi (S) quyidagi tenglama
bilan aniglanadi:

S= Rhavo/Rgaz = Ggaz/Ghavo (l)

bunda o4, Rg-berilgan konsentratsiyali gazga ta’sir ettirilganda plyonkaning elektr o‘tkazuvchanligi va qarshiligi; Ghaver Rhav-gaz
yo‘qligida plyonkaning elektr o‘tkazuvchanligi va qgarshiligi (plyonkaning nol gaz konsentratsiyasidagi o‘tkazuvchanligiga mos keladi). Kremniy
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oksidi plyonkasining vodorod sulfidga sezgirligi uning tarkibiga volfram va mis oksidlari kiritilganda ortadi. Qoidaga binoan volfram oksidi (WO3)
massasi bo“yicha asosiy bo‘lib, GSM tarkibiga 0z miqdorda qo‘shilgan mis oksidi (CuO) esa plyonka materialining selektivligi va sezgirligini va
umuman vodorod sulfid sensori ishchi tavsifini yaxshilashga imkon beradi. Mis gazsezgir plyonka tarkibiga zol-gel eritmalarining yetilish
bosgichida CuCl; shaklida qo*shilgan. Qatlamlarni taglikka surtilganidan so‘ng, 550-600°C haroratda havo atmosferasida issiqlik bilan gayta ishlov
berildi. Taggoslash uchun legirlanmagan silikat plyonkasi (SiO/WOj3 tarkibli) olingan va u azot atmosferasida ham kuydirib yuvilgan.
SiO,/WO3+CuO asosidagi plyonkalar SiO,/WO; plyonkalariga garaganda vodorod sulfidga nisbatan sezgirligi yuqori ekanligi aniglandi.
SiO./WO3+CuO tarkibli plyonkalar asosidagi gaz sensorlarining ishchi harorati mis oksidi bilan ligerlash hisobiga 320-340°C gacha pasayadi.
Sensorlarning GSM o‘tkazuvchanligining vodorod sulfidga nisbatan o‘tkazuvchanligining o‘zgarish prinsipiga asoslangan sezgirligi
doimiy haroratda (350°C) ma’lum konsentratsiyali (250 mg/m®) gazga tushirilgan sensorning javobi bilan aniglandi. 2-rasmda WO; plyonkalari

asosidagi sensorning vodorod sulfidga nisbatan javobi ko‘rsatilgan.
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2-rasm. WO; asosidagi sensorning 350°C haroratda vodorod sulfidga javobi (aralashmadagi H,S migdori 250 mg/m?) 1-SiO,/WOs; 2 -
SiO/WO3+ 1%CuO; 3- SiO/WO3+5%Cu0; 4- SiO/WO;+10%CuO.

2-rasmdan ko‘rinadiki, SiO,/WO3+10% CuO asosidagi sensor vodorod sulfidga bir muncha yuqori sezuvchanlikka ega. Ushbu GSM
ishtirokida vodorod sulfidning keng konsentratsiya oralig‘ida sensorning sezgirligi eng katta ekanligi aniglandi. WO3 plyonkasining yuzasiga
surtilgan mis oksidining 1,0; 5,0 va 10% miqdordagi gatlamlari sensorning vodorod sulfidga nisbatan sezgirligini mos ravishda 2,5; 8,5 va 10,5
martagacha oshiradi.

Volfram va mis oksidlari asosidagi vodorod sulfid sensori (cg./Ghave) analitik signalining aralashmadagi aniglangan tarkibiy gismning
(Shes) miqdoriga bog‘ligligini o‘rganish natijalari 4-jadvalda keltirilgan.

4-jadval. Sensor analitik signalining (ogs/onave) aralashmadagi aniglangan komponentning (Syzs) migdoriga bog‘ligligini o‘rganish
natijalari

Gazsezgir plyonka tarkibi
Ne t/r Avralashmadagi H.S migdori, mg/m3 SiO2 /WOs [ SiO2/WOs-1% CuO | SiO2/WO35% CuO |  Si02/WOs-10% CuO
Sensor signal, Ggaz/Shavo, Nis. birlik
1 15 005 011 018 023
2 30 0.10 0.20 0.35 0.51
3 60 0,13 0,24 0,50 0,81
4 120 0,15 0,29 0,68 1,02
5 180 019 0,35 0,86 114
6 240 0,22 0,38 112 1,56
7 300 0,25 0,48 1,38 1,88
8 360 0,29 0,57 151 2,16
9 420 0,33 0,64 1,06 2,29
10 480 0,36 0,72 1,78 2,58
11 540 0,41 0,79 191 2,80
12 600 0,46 0,77 2,11 3,02
13 660 0,50 0,85 2,20 3,26
14 720 0,55 0,92 2,34 3,48
15 750 0,61 1,01 2,52 3,71

Taqdim etilgan ma’lumotlardan ko‘rinib turibdiki, keng diapazonda (50-750 mg/m?), YaO‘S-H,S yarimo‘tkazgichli sensor signalining gaz
aralashmasi tarkibidagi vodorod sulfid konsentratsiyasiga bog‘ligligi to‘g‘ri chiziqli xarakterga ega.

Si0-WOs-10%SuO asosidagi gazsezgir materialdan foydalanishga asoslangan yarimo‘tkazgichli vodorod sulfid sensorining sezgirligini
oshirish usuli taklif etilgan.

Ishlab chigilgan sensorlarning asosiy, mutlag va keltirilgan xatolarining topilgan giymatlari GOST ga muvofiq ularning ruxsat etilgan
giymatlaridan ancha kichikdir. Shunday qilib, ishlab chiqilgan sensorlar turli tabiatli ob’ektlardagi vodorod sulfid miqdorini analitik monitoring
qilishda qo‘llanishi mumkin.

Xulosalar. Olingan gazsezgir materiallar asosida yarimo‘tkazgichli (WO3+CuO) qatlam, inert taglik va isitgichdan iborat
yarimo’tkazgichli sensorlar ishlab chiqilgan. Ushbu sensorlarni kichik o‘lchamdagi, avtonom qurilmalarda muvaffagiyatli ishlatishga imkon beradi.
Ishlab chigarilgan sensorlar atmosferada H,S miqdorini REM va undan ko‘p konsentratsiyalarda aniqlash uchun mo‘ljallangan. Tadgiqotlar
davomida ishlab chigilgan sensorlarning metrologik xususiyatlari va ekspluatatsion parametrlari o‘rganilgan. Ishlab chiqilgan YaO‘S-H,S yuqori
aniqligi, takrorlanuvchanligi va tezkorligi bilan xarakterlanadi.
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STUDYING THE MECHANISM OF THE COMPLEX COMPOUND FORMATION PROCESS USING PHYSICO-CHEMICAL
METHODS
Annotation
The interaction of the salt of V(+5) caprohydroxamic acid in agulovs solutions in a wide range of pH from 1,0 to 10,0 was studied by
spectrophotometric method. The compositions of the formed complex compounds V(+5) at pH=2,0; 7,0; 9,0 were determinant methods of
A.K.Babko and R.Foster. The instability constants of the formed complex compounds under these conditions have been calculated. The equation
for the processes mexanizms of complex formation were proposed by studying the specific electrical conductivity of the systems at pH=2,0; 7,0;
9,0. Date acquisition will be useful in the development of photo colorimetric determination of vanadic composition in various samples.
Key words: ammonium vanadate, capryrhydroxamic acid, spectrophotometric investigation, optical density, instability constant of complex
campounds, specific electrical conductivity.

N3YYEHUE MEXAHHU3MA ITPOLIECCA OBPA3OBAHUSI CJIOKHBIX COEJUHEHUIN ®U3NKO-XUMUYECKAM
METOJAMU
AHHOTaIUA

M3yuenue B3aumMoieiicTBIE BaHaaTa aMMOHHUS C KalIPOTHIPOKCAMOi KUCIIOTOM B BOAHBIX pacTBOpax npu 3HaueHusix pH=2,0;7,0; 9,0 c nomouipio
cnekrpodoromerpudeckoro merona. Meronamu A.K.babko u P.@octepa omnpezenieHbl coCTaBbl 00pa3yOMIMXCs KOMIUICKCHBIX COSIUHECHUN 1
paccyuTaHbI 3HAYCHHST KX KOHCTAHTHI HECTOMKOCTH B 3THX YCIOBHUsIX. M3yueHuneM yaensHoO 31exTponpoBogHocTu cucteM npu pH=2,0; 7,0; 9,0
HPEIIOKCHBI MEXaHMU3MBI IIPOLECCOB KOMIUIEKCOOOpa3oBaHus. [lodydeHHbIC [AaHHbBIC JaHHBIC CIY’)KHT KaK TeOpeTH4ecKas OCHOBa
(hOTOKOIOPHMETPUYECKOTO METOJa ONPEIECIICHHUSI COJIepIKaHHsI BaHAAUsI B 0Opa3Lax.

KuioueBble cj10Ba: BaHAaaui aMMOHHS, KalpOTHIPOKCAMOBAs KHCIIOTA, CIEKTPO(GOTOMETPHYECKUH aHAIN3, ONTHYECKas INIOTHOCTh PAacTBOPA,
KOHCTAHTa HECTOMKOCTH KOMILIEKCHBIX COSIMHEHHUH, YIeIbHAsE 3JIEKTPOIIPOBOTHOCTb.

KOMPLEKS BIRIKMA HOSIL BO‘LISH JARAYONINING MEXANIZMINI FIZIK-KIMYOVI1Y USULLAR YORDAMIDA
O‘RGANISH
Annotatsiya

V(+5) tuzi bilan Kaprogidroksam kislota ta’sirlashishini eritmadagi pH=2,0; 7,0; 9,0 bo‘lgan sharoitlarda spektrofotometrik usulda o‘rganilgan.
A.K.Babko va R.Foster usullari yordamida sistemada hosil bo‘lgan komplekslarning tarkibi aniqlangan va beqarorlik konatantalari hisoblangan.
Uch xil muhitda (pH=2,0; 7,0; 9,0)gi eritmalarda solishtirma elektr o‘tkazuvchanlikni o‘Ichash natijalariga asoslanib kompleks birikmalar hosil
bo‘lish jarayoni mexanizmi haqida xulosa chiqarilgan. Olingan ma’lumotlar turli namunalarda V(+5) ning miqdorini aniqlovchi forokalorimetrik
usul uchun nazariy asos bo‘lib xizmat qiladi.

Kalit so‘zlar: ammoniy vanadat, kaprogidroksam kislota, spektrofotometriya, optik zichlik, kompleks birikmaning begarorlik konstantasi,
eritmaning solishtirma elektro‘tkazuvchanligi.

Kirish. Vanadiy turli xil oksidlanish darajasida va ion shakllarida birikmalar hosil giladi. Ana shu sababli uning tabiiy birikmalari juda
ko‘p o‘simliklar to‘gimalarida uning miqdori 10 %, inson va hasharotlar tanasida esa -10°% atrofida saglanishi tajribalar yordamida
aniqlahgan[1,2]. Vanadiy tirik organizmlarda sodir bo‘ladigan oksidlanish-gaytarilish jarayonlarida faol katalizator sifatida ishtirok etadi, makro
miqdorda zaharlovchi (aynigsa V(+5) birikmalari), mikromiqdorlarda esa tuprogni unumdor qiladi, o‘simliklarning o‘sishi va chorva hayvonlarini
rivojlanishiga ijobiy ta’sir ko‘rsatadi [3]

Vanadiy, ferrovanadiy qotishmalarini olishda keng qo‘llaniladi, chunki ular korroziyaga, yuqori harorat ta’siriga chidamliligi va qattigligi
bilan boshqa po‘latlardan ustun turadi. Vanadiy birikmalarini keng miqyosda qo‘llanilishi, uni turli namunalardagi miqdorini aniqlash usullarini
yaratish dolzarb muammolardan biriga aylanmogda.

Vanadiy ionlarini organik birikmalar bilan rangli xelat kompleks birikmalar hosil gilish jarayonini spektrofotometrik usulda o‘rganib
olingan natijalar asosida, fotokalorimetrik usul tavsiya etilgan [4]

Organik moddalarning muhim sinfini tashkil etuvchi gidroksam kislotalarda -CONH-OH guruhi mavjud bo‘lib, V(+5)ionlari bilan eritma
pH ning o‘zgarishiga bog‘liq holda gizil (pH~2), sariq (pH~7, binafsha (pH~9) ranglardagi xelatlarni hosil giladi [5,6,7,8]. Kompleks hosil bo‘lish
jarayonini suv-organik aralash erituvchilar muhitida o‘rganish eritma rangi intensivligini, ya’ni reaksiyani sezgirligi va selektivligini ortishiga olib
keladi [5,6,7,8].

Ushbu magolada ammoniy vanadat bilan Kaprogidroksam Kkislotasini (KapGK) CsH;;COHOH suvli eritmalarida pH=2,0; 7,0; 9,0
muhitida ta’sirlashish mexanizmini spektrometrik va konduktometrik o‘rganish jarayonida olingan natijalar bayon etildi.

Tajribani o‘tkazishda foydalanilgan reaktivlar, asbob-uskunalar. Ammoniy vanadat NH,VVOs; (kimyoviy toza), KapGK (Sigma
Aldrich, CAS 7377-03-9) va NaOH, HCI fiksonallaridan foydalanib BC-3/6 Bidistillyatorida haydalgan suvdagi 0,1M eritmalaridan foydalanildi.
Namunalardan tortim olishda DEMCOM DA-65C (aniqligi £0,1 mg) tarozi, eritmadagi pH qiymatini o‘lchashda 1-130 (Shisha elektrodi 9CJI-63
T" va kumush xloridli solishtirma elektrod 9BJI1-M3) ionomeri qo‘llanildi. Reaktivlar va ular aralashmalarining solishtirma elektr o‘tkazuvchanligi
(ce-kappa)ni Five Easy F30 (Mettler Tledo) markali konduktometrda o‘Ichandi. Rangli eritmalarning optik zichligini (D) o‘lchashda K®K-2 (mos
keluvchi yorug‘lik filtrlari yordamida ) fotoelektrokolorimetridan foydalanildi.
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Olingan natijalar va ularning muhokamasi.Vanadiy (5+) ionlari suvli eritmadagi holati muhit pH ning qiymatiga bog‘liq. Ishqoriy
muhitda (pH ~ 9) ortovanadat VO,* , neytral muhitda (pH ~ 7) metavanadat VO3, Kislotali (pH =~ 2) sharoitda esa vanadil VO," ionlari ko‘rinishi
shaklida uchraydi.[9].

Ammoniy vanadat va KapGK suvda rangsiz eritmalar, ammo ularning o‘zaro ta’sirlashish mahsulotlari (pH ~ 2) kislotali sharoitda gizil,
(pH = 7) neytral muhitda sariq, (pH =~ 9) kuchsiz ishqoriy sharoitda binafsha rangli eritmalarni hosil giladi. Reaksiyaga kirishuvchi moddalar
eritmalari spektrofotometrik o‘rganilganda yutilish spektrlarining maksimumi ultrabnafsha sohada ekanligi, ulardan hosil bo‘lgan mahsulotlar
eritmalari uchun Amax=465nm (pH = 2), hnax=370nmM (pH = 7), Aimay=370nm va Ayman=520 nm (pH = 9) da maksimal yutilishlar kuzatildi. pH
mubhitini turli qaiymatlarida eritma rangini o‘zgarishi V(5+) ning KapGK bilan har xil tarkibli kompleks birikmalarning hosil bo‘lishi sabab bo‘ladi.
Spektrofotometrik usullarda kompleks birikmalarning tarkibini va beqgarorlik konstantasini aniglash magsadida vanadate ammoniyning o‘zgarmas
konsentratsiyali eritmalarini KapGK ning orti boruvchi konsentratsiyali erritmalari bilan to‘yintirish jarayoni o‘ganildi [10]. pH=2,0; 7,0; 9,0
sharoitlarda olingan KapGK konsentratsiyasi va eritma rangini optik zichligi (D) orasidagi bog‘liglik natijalari 1-rasmda keltirildi. Hosil bo‘lgan
kompleks birikmalarning tarkibini aniglash[10] magsadida koordinata o*qlariga lg - va lgCrapck giymatlari joylashtirilib, [V(5+) : KapGK]

nisbati pH=2 muhitda 1:1 va 1:2, pH=7 muhitda 1:2 va pH=9 muhitda 1:2 yoki 1:3 msbatlarda bo‘lishi (2-rasm) aniglandi [10]. Olingan natijalarning
ishonchligini P.®ocrep [11] metodida olingan ma’lumotlar ham tasdigladi.

1D

0.3 1

0.2 1

0.1

0.4 1.6 2.8 40 102KapGK
mol/l
1-rasm. Ammoniy vanadat eritmalarini KapGK bilan to‘yintirish jarayonida optik

zichlik (D) giymatlarining o‘zgarishi. C v(s+=1,57-10*mol/#¢, £=10mm,

K®K, Fon-Vanadiy tuzidan boshga komponenlarni saglovchi eritma.
1. pH=2,0 (Ne4 yorug‘lik filtri, A =400+5nm)
2. pH=7,0 (Ne3 yorug'lik filtri, A =440+5nm)
3.pH=9,0 (Ne5 yorug‘lik filtri, A =490+5nm)
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DraxDx  1:°
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mol/l
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2-rasm. V(5+) ning KapGK bilan hosil gilgan kompleks birikmalari tarkibini
aniglash grafiklari: 1. pH=2,0; 2. pH=7,0; 3. pH=9,0.

Eritmada hosil bo‘lgan 1:1, 1:2, 1:3 nisbatdagi tarkibli kompleks birikmalarning konsentratsion begarorlik konstantalari giymati bir-biriga
bog‘loq bo‘lmagan ikki [10,11] usulda hisoblandi , ularga matematik statistikaning ishonchlik darajasi P=0,95 bo‘lgan usul bilan ishlov beridi va
olingan tatijalar quyidagicha bo‘ldi.

pH=2,0 sharotda  pK;=1,82 va pK,=4,12
pH=7,0 sharotda  pK;=4,13
pH=9,0 sharotda  pK;,=4,10 va pK;=5,64
V(5+) ionlari eritma sharoitida turli ion shakillarida uchraydi [9,12]. Kislotali muhitda VO," vanadil ionlari holida bo‘ladi va uni
KapGK bilan 1:1 va 1:2(pH=2,0) tarkibli kompleks xelatlar hosil qgilishi quyidagi (1) va (2) tenglamalarga muvofig amalga oshadi.

< Vv 40 ><C6H1202N>
“OH

.
+ CgH1{CONHOH —= {(V=O) (CeH1202N)2}

VO,* + C5H11 CONHOH

(€))

+

—~—

o)
< v > <CGH1202N>

Ushbu tenglamalarga muvofiq kompleks birikmalar hosil bo‘lishini eritmalarning solishtirma elektr o‘tkazuvchanligi o‘lchash natijalari
ham tasdigladi.

Ammoniy vonadatning o‘zgarmas konsentratsiyali eritmalariga KapGK ning ortib boruvchi miqdorlarini qo‘shib tayyorlangan
eritmalarining solishtirma elektr o‘tkazuvchanligi qiymatlarini KapGK konsentratsiyasiga bog‘ligligi 3-rasm (A) da tasvirlangan.
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3-rasm. pH=2,0 (A) va pH=9,0 (B) muhitli eritmalarda solishtirma elektr

o‘tkazuvchanlik () ni KapGK konsentratsiyasiga bog‘liq o‘zgarishi.

1. KapGK eritmalarida.

2. Komplekslar eritmalarida. C vs+=1,57-10"mol/¢.
Olingan natijalar (1) va (2) tenglamalarning to‘g‘ri ekanligini tasdiqlaydi, ya’ni jarayonda elektr o‘tkazuvchanlik ortishiga sabab bo‘luvchi
harakatchan yangi ionlar hosil bo‘lishi kuzatilmaydi. Neytral muhitda (pH=7,0) ham eritmalarda elektr o‘tkazuvchanlik yuqorida bayon etilgandek
xarakterda bo‘lishi kuzatildi. Ammo pH=7,0 bo‘lgan eritmada VO3 meta vanadate [ 12] ionlari (3) tenglamaga muvofiq tarkibi 1:2 bo‘lgan kompleks
birikmani hosil giladi.

VO;* + 2C5H4{CONHOH —> vz0 CeH120N
- O
©]
Eritmalarning muhiti ishgoriy (pH~ 9,0) bo‘lganda ortovanadat VO,* ion eritmada hosil bo‘ladi [12] va V(5+) bilan KapGK

ta’sirlashishidan 1:2 va 1:3 tarkibli xelatlar hosil bo‘ladi va jarayonga (4) va (5) tenglamalar mos keladi.

_O - ]
VO,% + 2C5H11CONHOH —— < vZ > < CaH1202N> + 20H
O 2
@
(vZO )<C6H1202N> +CgHyCONHOH =—= [(V=O)<C6H1202N)3 +OH"
o
©)

Kompleks birikmalar hosil bo‘lishi harakatchan OH ionlarini ajralishi bilan amalga oshadi natijada eritmaning elektr o‘tkazuvchanligi
ortadi. VO, ioniga to‘g‘ri keladigan elektro‘tkazuvchanlik ajratib tashlangandan so‘ng KapGK nikiga nisbatan kompleks birikmalar eritmalarning
elektro‘tkazuvchanligi yuqori qiymatlarda bo‘lishini 3-rasm(B) da keltirilgan ma’lumotlar ko‘rsatib turibdi.

Xulosa. V(5+) ioni KapGK bilan ta’sirlashishi pH ni turli qiymatlarida 1:1, 1:2, 1:3 tarkibli kompleks birikmalarning hosil bo‘lishi bilan
amalga oshishi spektrometrik va konduktometrik usullarda olingan ma’lumotlar asosida tasdiglandi. Olingan natijalardan V(5+) miqdorini
fotokolorimetrik usulda aniglash metodini yaratishda nazariy manba sifatida foydalanish mumkin.
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SYNTHESIS OF SYNTHETIC NaX ZEOLITES
Annotation

The possibility of obtaining synthetic NaX zeolites based on local raw materials - feldspar - has been studied. The physicochemical properties of
the raw materials and samples of NaX zeolite, the elemental and phase composition, the degree of crystallinity, the possibility of zeolite formation
have been studied using modern tools and research methods: energy-dispersive X-ray fluorescence, FTIR, X-ray structural analysis, TGA, DTA. It
has been shown that it is possible to obtain synthetic low-modulus NaX zeolites based on feldspar by the hydrothermal method in the temperature
range of 150-300 °C, for 20-100 hours of experiments, under conditions of different component ratios. It has been established that the minimum
temperature of NaX zeolite formation is 250 °C, and the minimum process time is 40 hours. The TGA and DTA results showed that the required
temperature for 50% decomposition of the substance is 260 °C, and the ash content of the sample at 500 °C is 34.5%.

Key words: feldspar, hydrothermal synthesis, zeolite NaX, structure, adsorption, thermal analysis, X-ray phase analysis.

CHUHTE3 CUHTETUYECKHUX HEOJIMTOB NaX
AHHOTaIUA

H3yueHa BO3MOXHOCTH IIOTy4EHHsI CHHTETHYECKHX LeoauToB NaX Ha OCHOBE MECTHOT'O CHIPbS - [10JI€BOTO ImnaTa. PH3UKO-XUMUUECKHE CBOHCTBA
CBIPBsI 1 00pa31oB neonuTa NaX, oleMeHTHBIH U (a30BbIH COCTaB, CTENICHb KPHCTAULIMYHOCTH, BO3MOJKHOCTD 00Pa30BaHUs [IEOIUTOB U3YyUYEHBI C
UCIIOJIb30BAHUEM COBPEMEHHBIX HHCTPYMEHTOB W METOJOB HCCIIEIOBAHMSA: SHEProJUCIEepCHOHHONW peHTreHoduyopecuenuuu, FTIR,
penTreHoctpykrypaoro ananusza, TI'A, JITA. ITokazaHo, 4TO MOXHO HOJYYUTh CHHTETUUECKHE HU3KOMOAYJbHbIE 11€0auThl NaX Ha OCHOBE
OJIEBOTO IIMATa MMAPOTEPMAIbHBIM METOIOM B MHTepBase Temmeparyp 150-300 °C, 3a 20-100 yacoB 3KCIEPUMEHTOB, B YCIOBUSAX Pa3IHYHBIX
COOTHOILICHUI KOMIIOHEHTOB. Y CTAHOBJICHO, YTO MUHMMAJIbHAs TeMIieparypa obpa3oBanus 1eoautoB NaX cocrasiser 250 °C, a MUHUMaIbHOE
BpeMms nporecca — 40 yacos. Pesynpratsl TI'A u ITA nokasany, 4To HeobXxoaumas Temieparypa s 50% pasnokeHus BeliecTBa cocTaBiseT 260
°C, a 3ompHOCTB 00pa3na npu 500 °C cocrasiser 34,5%.

KaioueBble ¢JI0Ba: MOJNEBOM AT, THAPOTEPMATBHBIN CHHTE3, 1eoauT NaX, cTpykTypa, aacopOuus, TepMUUCCKHII aHAIN3, PEHTTeHO(DA3HbIH
aHanus3.

SINTETIK NaX SEOLITLAR SINTEZ QILISH
Annotatsiya

Mahalliy xom ashyo — dala shpati asosida sintetik NaX seolitlar olish imkoniyatlari o‘rganildi. Xom ashyo hamda olingan NaX seolitlar
namunalarining fizik-kimyoviy xossalari, element hamda fazaviy tarkiblari, kristallik darajasi, seolitlarning hosil bo‘lish ehtimoli zamonaviy
tadgigot vositalari hamda usullari: energodispersion rentgen fluoressent, FTIR, rentgen difraksiyasi, TGA, DTA usullari bilan tadqgiq etildi.
Gidrotermal usulda komponentlar nisbati turlicha bo‘lgan sharoitda 150-300 °C temperatura oralig‘ida, 20-100 soatlik tajribalarda dala shpati
asosida sintetik, quyi modulli NaX seolitlar olish mumkinligi ko‘rsatildi. NaX seolitlar hosil bo‘lishi uchun minimal temperatura — 250 °C,
jarayonning eng kam vaqti — 40 soat ekanligi aniglandi. TGA, DTA natijalaridan 50% modda parchalanishi uchun zarur temperatura 260 °C ni,
500 °C namunaning kul qoldig‘i 34.5% ni tashkil etishi ko‘rsatildi.

Kalit so‘zlar: dala shpati, gidrotermal sintez, seolit NaX, struktura, adsorbsiya, termik analiz, rentgenfazaviy analiz.

Kirish. Neft-gaz sanoati murakkab kimyoviy aralashmalarini ajratish, tozalash uchun sintetik seolitlar olish muhim ahamiyatga ega bo‘lib,
seolitlarning yillik ishlab chiqarish hajmi bir necha million tonnani tashkil etishi mavzuning dolzarbligini ko‘rsatadi.

Sintetik seolitlarni arzon xom ashyolar asosida, sodda texnologik jarayonlar orgali ishlab chigarish masalasi hamon o‘z dolzarbligini saglab
qolmogda. Chunki, mamlakatimizda tabiiy manbalarning yo‘qligi, uning ustiga sintetik seolitlar olish borasidagi tadqiqotlar laboratoriya
bosqichidan nariga o‘tmayotganligi bu borada qilinishi lozim ishlar ko‘pligini ko‘rsatadi.

Mavzuga oid adabiyotlarning sharhi. O‘zbekistonda tabiiy seolitlar konlari mavjud emas. Shu sababli mahalliy xom ashyolar asosida
yuqori samaradorlikka ega sintetik seolitlar olish usullarini ishlab chigish muhim ahamiyatga ega bo‘lib, import o‘rnini bosishi hisobiga valyuta
mablag‘larini tejashga imkon beradi.

Amaliyotda keng qo‘llanilayotgan seolitlar asosan yirik konlardan olingan tabiiy seolit saqlagan xom ashyoni gayta ishlash orgali olingan
mahsulotlardir. Ik marta nefelen konsentratidan foydalanib, X tipidagi seolit olingan. Sintez sharoitlari ham yetarli darajada yumshoq bo‘lib, 95
°C sa 24 soat davomida olishga erishilgan (SiO,/Al,05=4,8; Na,0/Si0,=2,4; H,0/Na,0=40) [1]. Bundan tashqari sintez uchun yarogli turli xom
ashyolar masalan, kaolin, dala shpati [2], tarkibida 30-40 % tabiiy seolit saglagan xom ashyolar [3] boshqgalardan foydalanib, seolitlar olish borasida
tadgiqotlar olib borilmoqda. Tabiiy seolitlar keng tarqalgan minerallar bo‘lishi bilan birga, ular orasida zarur darajada adsorbsion xossalarga ega
bo‘lganlari nisbatan kam bo‘lib, buning ustiga turli metallar birikmalari bilan qo‘shilgan holda uchrashi ularning xossalarini yanada o‘zgartiradi
[4]. lon almashinuvchilar, adsorbentlar, katalizatorlar, molekular elaklar sifatida seolitlardan foydalanish imkoniyatlari keng tadgiq etilmoqda [5].
Adsorbsion jarayonlarga qo‘llash uchun mo‘ljallangan seolitlar quyi modulli (mol nisbati Si:Al < 2,8) bo‘lib, A, X va Y tiplarga bo‘linadi (mos
ravishda Si:Al = 1; 1,2; 2,4). Seolit tarkibiga kirgan kationning o‘lchami “kirish oynasi” o‘lchamini belgilaydi va uning qo‘llanish sohasiga ta’sir
ko‘rsatadi [6].

Yugoridagilardan kelib chigib, dala shpati asosida sintetik seolitlar olish borasida tadgiqotlar olib borish zarurati mavjudligini gayd etish
lozim. Ushbu ishda Samargand viloyati hududida mavjud bo‘lgan ayrim minerallardan sintetik seolitlar olish imkoniyatini o‘rganish bo‘yicha olib
borilgan tajribalar natijalari keltirilgan.
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Tajribaviy gism. Xomashyo va mahsulotlarning element tarkibini aniglash. Mahalliy xom ashyo minerallari bo‘lmish Samargand
viloyati Nurobod tumani Sazag‘an MFY hududidan olingan namunalarning rentgen fluoressent (NexDE, Rigaku, Yaponiya) usulida element hamda
oksid analizi o‘tkazildi [7]. Analiz natijalariga ko‘ra Ne 1-hududdan olingan namunaning asosiy oksid tarkibi quyidagicha ekanligi aniglandi:
Na,0(4.45); Al,0s (12.6); SiO; (73.5); K;0O (5.11); CaO (1.86); Fe,0;5 (1.37) va boshga komponentlar. Olingan natijalardan Si:Al nisbati 4.96
bo‘lib, quyi- va o‘rta modulli seolit olishga imkon berishini ko‘rish mumkin. Qolgan ba’zi metallar hamda metallmaslarning oksidlari umumiy
miqdori 0.209% bo‘lib, kamligi sababli inobatga olinmadi.

Dastlabki xomashyoning fazaviy tarkibini aniglash. Tajribalarning keyingi bosgichi namunalarning rentgen spektrlarini tahlil etish
bo‘yicha olib borildi. Tajribalar geologik yotqiziglarning kristallik xususiyatlarini aniglash kukunli difraktometr XRD-6100 (Shimadzu, Japan)
uskunasida amalga oshirildi. Olingan natijalar ma’lumotlar bazasi bilan taqqoslanib, tahlil etilganda namunaning mineral tarkibi quyidagicha
ekanligi aniglandi: Kvars (32,37); Albit (7,22); Mikroklin (29,01); Muskovit (1,98); Zirkon (0,067); Ortoklaz (1,73); Plagioklaz_oligoklaz (26,33)
va boshga komponentlar kam migdorda. Qolgan minerallar umumiy migdori 3,09% ni tashkil etadigan bir necha ko‘rinishlardan iborat.

Sintetik NaX seolit sintez qgilish. Keyingi tajribalar gidrotermal usulda sintetik seolit olish yo‘nalishi bo‘yicha olib borildi. Buning uchun
dastlabki xom ashyo ma’lum darajaga qadar maydalandi. Taqribiy maydalangan minerallar namunasi turli nisbatlarda o‘yuvchi natriyning to‘yingan
eritmasi bilan aralashtirildi, namunalar to‘liq botishi uchun yetarli darajada distillangan suv quyildi. So‘ngra yopiq reaktorda, gidrotermal usulda
naminalar 150-300 °C da 20-100 soat davomida gizdirildi. Olingan massa distillangan suvda yaxshilab yuvildi, quritildi.

Komponentlar nisbatining hamda reaksiya sharoiti (temperatura hamda reaksiya davomiyligi) ning mahsulot tarkibiga ta’sirini baholash
magsadida komponentlar nisbati va sharoit turlicha rejimlarda jarayon olib borildi. Quyidagi 1-jadvalda olib borilgan tajribalar natijalari keltirilgan:

1-jadval. Komponentlar nisbatining seolit hosil bo‘lish jarayoniga ta’siri

Ne Komponentlar nishati, % I1zoh

Dala shpati Kaolin NaOH
1 95 0 5 Barcha holatlarda
2 94 1 5 seolitlar hosil bo‘ldi*
3 92 3 5
4 90 5 5
5 85 10 5

*-seolitlar hosil bo‘lganligi IQ-spektrlari yordamida aniglandi

Seolitlar hosil bo‘lish jarayoniga jarayon temperaturasi va vaqtning ta’siri. Keyingi tajribalarda bir xil temperatura va turli vaqt
mobaynida seolitlar olish imkoniyatlari tadqiq etildi. Tajribalar 250 °C da 96 soatgacha vaqt mobaynida gidrotermal usulida sintez qilish bo‘yicha
olib borildi, olingan natijalardan, temperaturaning 250 °C da eng kamida 40 soat vaqt mobaynida seolit olish mumkinligi ko‘rsatildi.

Sintez gilingan seolitlarni 1Q-spektroskopik usulida tadgiq gilish. Olingan mahsulotlarning seolit ekanligini dastlabki sinash ishlarini
amalga oshirish uchun, 1Q (IRaffinity-1S, Shimadzu, Yaponiya) spektrlari olindi va ma’lumotlar bazasi bilan solishtirildi. Quyida namunani 250
°C da 60 soat davomida o‘tkazilgan tajribalarda olingan mahsulotning IQ-spektri keltirilgan (1-rasm). Olingan ma’lumotlar, xususan, [Q-spektrini
baza bilan solishtirib, uning seolitlarga xos spektr bilan o‘xshash ekanligi, binobarin, sintez natijasida qo‘yilgan maqsadga erishilgan, degan xulosa
chigarishga imkon beradi.

1-rasm. Komponentlar nisbati turlicha: A) Dala shpatining o ‘zi; B) Dala shpati va kaolin qo ‘shilgan namunalardan olingan seolitlar 1Q-
spektrlari

1Q-spektr natijalaridan, tarkibiga kaolin qo‘shilgan va qo‘shilmagan namunalarning barchasida seolitlar hosil bo‘lganligini ko‘rish
mumkin. Bundan, dala shpatining o‘zidan ham seolitlar olish mumkinligi to‘g‘risida xulosa chiqarish mumkin.

NaX seolitlarning termik analizi. Sintez gilingan NaX seolitlar namunasining termik xususiyatlari STA PT1600 (Linseis, Germaniya)
TGA, DSC analizatorida tekshirildi. Tekshirish uchun 10-15 mg namunalar olindi va xona hararotidan to 900 °C gacha termik xususiyatlari tadqiq
etildi (2-rasm). Termik parchalanish natijalaridan ko ‘rishimiz mumkinki, namunaning asosiy parchalanishi 50-60 °C dan boshlanib, 50% modda
parchalanishi uchun zarur temperatura 260 °C ni tashkil etadi. 260-500 °C oralig ‘ida namunaning qolgan qismi parchalanib, jami 65,5% massa
kamayishi kuzatiladi. Kul qoldig i migdori 34.5%.

2-rasm. Sintez gilingan NaX seolitining TGA va DTA natijalari
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Temperaturaning 180 °C gacha endotermik, undan keyin esa ekzotermik effekt kuzatiladi. 180-457.48 °C oralig‘ida kuzatiladigan ekzo-
effektlar namu tarkibidagi komponentlarning havo kislorodi bilan oksidlanishi natijasidir.

NaX seolitlarning kristallik darajasi, fazaviy holatlarini aniglash. Namunalarning fazaviy holatlari, kristallik darajalari singari
parametrlari kukun rentgen difraksiyasi usulida tadqiq etildi (Maxima, XRD-7000, Shimadzu, Yaponiya). Jarayon parametrlari: elektromagnit
nurlanish manbai - Cu Ka (A=0.1544 nm), kuchlanish — 40 kV, tok kuchi — 15 mMA, 26 scanerlash 3° dan 120° gacha, scanerlash gadami — 0.01°,
tezligi — 2,4°*mun, tirgish kengligi — 0.3 nm. Olingan natijalar quyidagi 3-rasmda keltirilgan.

Measured profil view

Inansty counts

WL

T T T T— T T u T i

3-rasm. Sintez gilingan NaX seolitining RFA natijalari

Sintez gilingan NaX seolit namunalarining RFA natijalari tijoriy magsadlarda mavjud seolitlarning natijalari bilan solishtirilganda,
kristallik darajasining o‘zaro yaqin ekanligi kuzatildi.

Xulosalar. Mahalliy xom ashyo - dala shpati asosida sintetik NaX seolitlar olish imkoniyatlari o‘rganildi. Xom ashyo hamda olingan NaX
seolitlar namunalarining fizik-kimyoviy xossalari, element hamda fazaviy tarkiblari, kristallik darajasi, seolitlarning hosil bo‘lish ehtimoli
zamonaviy tadgiqot vositalari hamda usullari: energodispersion rentgen fluoressent, FTIR, rentgen difraksiyasi, TGA, DTA usullari bilan tadgiq
etildi. Gidrotermal usulda komponentlar nisbati turlicha bo‘lgan sharoitda 150-300 °C temperatura oralig‘ida, 20-100 soatlik tajribalarda dala shpati
asosida sintetik, quyi modulli NaX seolitlar olish mumkinligi ko‘rsatildi. NaX seolitlar hosil bo‘lishi uchun minimal temperatura — 250 °C,
jarayonning eng kam vaqti — 40 soat ekanligi aniglandi. Mahsulotlarning 1Q-spektrlarini ma’lumotlar bazasi bilan tagqoslash orgali ularning
seolitlar ekanligi birlamchi tekshirishlarda gayd etildi. TGA, DTA natijalaridan 50% modda parchalanishi uchun zarur temperatura 260 °C ni, 500
°C namunaning kul qoldig‘i 34.5% ni tashkil etishi ko‘rsatildi.
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GOSSIPOLNING AZOT TUTGAN HOSILALARINING OG‘IR METALLAR ANALIZIGA QO‘LLANILISHI
Annotatsiya
Magqolada gossipolning azotli hosilalarining simob va qo‘rg‘oshin metali ionlari bilan kompleks hosil gilishi uchun optimal sharoit tanlandi.
Tanlangan optimal sharoitda optik zichlik bilan GAH-1 reagenti bilan Auguy=470 nm, Appay=450 nm to‘lqin uzunligida eritma muhiti pHugay=4,9,
pHeoa=5,7 ga teng bo‘lganda, simob (II) va qo‘rg‘oshin (II) ionlari bilan GAX-1 reagentining hosil gilgan kompleksining tarkibiy mollari 1:1
nishatga to‘g‘ri kelishi aniglandi.
Kalit so‘zlar: gossipolning azotli hosilasi, simob, qo‘rg‘oshin, pH, izomolyar seryalar, spektrofotometriya.

APPLICATION OF NITROGEN-CONTAINING DERIVATIVES OF GOSSYPOL TO HEAVY METALS ANALYSIS
Annotation
In the article, optimal conditions were chosen for the formation of complexes of nitrogen derivatives of gossypol with metal ions of mercury and
lead. Under the selected optimal conditions, the solution medium pHuga=4,9, pHesa=5,7 with the GAH-1 reagent at the wavelength of Angu;=470
nm, Apsan=450 nm when the component moles of the complex formed by the GAX-1 reagent with mercury (II) and lead (I1) ions correspond to a
ratio of 1:1 was determined.
Key words: nitrogen derivative of gossypol, mercury, lead, pH, isomolar series, spectrophotometry.

TIMPUMEHEHHUE A3OTCOAEPKAIINX ITPOU3BOJIHBIX TOCCHUITOJIA IJISI AHAJIU3A TSXKEJIBIX METAJIJIOB
AHHOTaIUA
B crarbe BEIOpaHbl ONTUMAJIBHBIC YCIOBHS 00pa30BaHUs KOMILIEKCOB a30THCTBIX MPOM3BOIHBIX TOCCHIIONA C HOHAMHU METAIJIOB PTYTH M CBHHIIA.
OrmpezeneHa onNTHIECKas INIOTHOCTh B TIOJOOPaHHBIX ONTUMAIIBHBIX YCIOBHAX ¢ peareHToM GAH-1 Ha anune BOTHBI Angn=470 NmM, Appay=450 HM
u coctaBisieT pHugay=4,9, pHepay=5,7. YcraHOBIIeHO, 4TO MONIBHBIH cocTaB Komiuiekca pearenta 'AX-1 ¢ nonamu pryru (1) u ceunma (II) pasen
1:1.
KuaioueBble ¢10Ba: a30TCoAEpIKAIICE TPOU3BOAHOE TOCCUIIONA, PTYTh, CBUHEL, pH, H30MOIsIpHas cepus, CIIeKTPoGoTOMETpHSI.

Kirish. Adabiyotlarda mualliflar tomonidan o‘zining tuzilishi va tarkibi jixatdan elektronodonor xususiyatlariga ega bo‘lgan atomlar
saqlagan gossipol va uning hosilalarining tuzilishi, stereokimyosi va toutomeriyasi uning ba’zi fizik-kimyoviy xususiyatlariga bog‘liqligi
to‘g‘risidagi tadqiqot ishlari nazariy jixatdan ko‘plab e’lon gilingan, lekin uning metallar analizidagi axamiyatiga doir tadqiqotlar ko‘p emas.
Gossypol azotli hosilasining simob va qo‘rg‘oshin metali ionlarini sanoat ogava suvlari, ruda va qotishmalarning namunalari, shuningdek, ba’zi
biologik namunalar tarkibidan spektrofotometrik aniglash, ajratib olish va miqdorini nazorat gilish uchun yangi selektiv analitik reagentlar
yaratishga bag‘ishlangan ushbu tadqiqot ishi analitik kimyoning dolzarb muammolaridandir.

Mavzuga oid adabiyotlar tahlili. Mualliflar tomonidan olib borilgan ilmiy izlaniishlar natijasida og‘ir va zaharli metallarning (kadmiy
va qo‘rg‘oshin) mikro miqdorini aniqlash uchun spektrofotometr usulidan foydalanilgan. Bunda mureoksid Cd(II) va Pb(ll) kuchsiz kislotali hamda
asosli eritmalarda (pH 3-9) 483 va 504 nm da yutilish maksimumlari bilan to‘q sariqdan qizg‘ish ranggacha bo‘lgan xelatlar tipidagi kompleks
birikmalar hosil gilgan. Hosil bo‘lgan komplekslarning vaqtga nisbatdan eritmadagi bargarorligi 3 soat bo‘lgan. Cd va Pb uchun ¢ giymatlari mos
ravishda 11856 Imol-sm™ va 2422 mol/sm™ teng ekanligi aniglangan. Aniglangan magbul sharoitlar asosida DG sohasi 0,5-7,0 mg/I™* Cd va 0,75~
12,0 mg/l Pb uchun chizigli kalibrlash egri chiziglari ishlab chigilgan. Xelatning stexiometrik tarkibi 1:2 (metall ioni: mureoksid) mol nishatda
bo‘lgan. Ayrim xalaqit beruvchi ionlarning o‘rtacha darajasi Pb(II) va Cd(II) ionlarini aniqlashga xalaqgit qilmagan[1-3].

Magqolada Ph(Il) ionini sabzavot namunalarida 2-[(6-metoksi-2-benzotiozoli) azo]-4-metoksifenol(6-MBTAMF) yordamida aniglashning
yangi sezgir va aniq spektrofotometrik usuli ishlab chigilgan. Reagent va Pb(ll) kompleks tavsifi 1Q-, UB spektrofotometriya, element tahlili,
energiya dispersion rentgen spektroskopiya hamda *H YaMR va 3C YaMR spektroskopiya usullarini o‘z ichiga olgan. Usul Pb(II) ning 6-
MBTAMF reagenti bilan neytral muhitda 670 nm da maksimal yutilishga ega bo‘lgan yashil-gizil kompleks birikma hosil gilish reaksiyasiga
garatilgan. Muhitning pH, reagentning hajmi, reagent konsentratsiyasi va vaqt ta’siri kabi magbul sharoitlar ham sinchkovlik bilan o‘rganilgan [3-
5]. Oldingi tadgiqotlarimizda [6-7] gossipol atsetatning temir (111), simob (1) va qo‘rg‘oshin (II) ionlariga spektrofotometrik analizi o’rganilgan
[6-71.

Tadgigot ishining magsadi gossipolning azot saglagan hosilasi (GAX-1) asosida og’ir va zaxarli metallardan simob va qo‘rg‘oshin metali
ionlarini migdoriy o‘rganishda analizning to‘g‘riligi, qayta takrorlanuvchanligi, tanlanuvchanligi kabi ijobiy metrologik xarakteristikalarga ega
bo‘lgan spektrofotometrik analiz usulini ishlab chigishga garatilgan.

Tadgigot metodologiyasi. Tadgigot uchun kimyoviy toza (k.t.) va analiz uchun toza (a.u.t.) kvalifikatsiyali kimyoviy reaktivlar,
shuningdek, material va uskunalardan foydalanildi.

Ish eritmalarini tayyorlash: Tadgigotlar uchun texnik gossipoluunr azormu xocumacu (GAX-1) reagenti bilan kompleks hosil giladigan
simob va qo‘pg’shin tuzi standart eritmasini g (NO,), Va PbCl, (a.u.t.) tuzlaridan tayyorlandi. Yangi tayyorlangan NaOH -ishqor va

mineral kislotalar ertimalari va organik ertiuvchilardan foydalanildi. Eritmalarning nur yutish koeffitsientlarini “UV/Vis spectrophotometr Optizen
III” (Janubiy Korea) spektrofotometrida, qalinligi 1 sm (I=1) bo’lgan kyuvetalarda o’lchandi. Eritmalar muhiti pH/ mV/ TEMP Meter R 25 pH
metrida nazorat gilindi.

Aniglash metodikasi: Simob va qo‘rg‘shin metali ionlarini metalining GAX-1 reagenti bilan kompleks hosil gilish reaktsiyalari kimyosini
o’rganish uchun spektrofotometrik usul qo’llanildi. simob va qo‘rg‘shin metali ionlarining gossipolning azotli hosilalari bilan kompleks hosil
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Me— R qgilish reaktsiyasining optimal sharoitini aniglandi, kompleksining dastlabki yutilish spektri, eritma muxiti va boshga parametrlar

peacenm
ham o‘rganildi.
Tahlil va natijalar. Gossipolning azotli hosilalsi rangi to’q qizil —rangli, amorf ba’zi organik erituvchilarda erish xususiyatiga ega bo’lgan
tabiiy biologik faol modda. Gossipol molekulasi tarkibida turli xil qutbli guruhlar bo’lishi bilan bir qatorda, naftalin qoldig’ida gidrofob xususiyatini
keltirib chiqaruvchi va uning eruvchanligiga ta’sir giluvchi guruhlar ham mavjud.
Gossipolning azot tutgan hosilalsining sturukturaviy formulasi:

1-jadval
Ayrim metal ionlarining GAH-1 reagenti bilan sifat reaksiyalari
Rang intensivligi (pH=5,5)

Ne Metall ionlari -
Kompleks rangi

1. Pb?* GAH-1 (To'q qizil) sarig

2 Hg? sariq

Jadvaldagi ma’lumotlaridan (1-jadval) ko‘rinib turibdiki, GAH-1 reagenti bilan Pb?? va Hg?? ionlarining rangli komplekslar hosil gilishi
(reagent eritmasi rangi 0’zgaradi) hamda metall ionlarining rangsiz eritmalarida rang hosil bo’lishi reagent va metall ionlari o’rtasida o0’zaro ta’sir
borligini bildiradi. Hg*(sariq) va Pb?(sariq) ionlari bilan barqaror komplekslar hosil bo‘ladi, bu esa Hg?? va Pb?? ionlarini aniglashning yangi
spektrofotometrik usullarini ishlab chigish imkonini beradi. Kompleks eritmasining optimal nur filtri tanlandi.

[INEY
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1106 / \

-
[ /
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-
N e

0,04 vty
M
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1-rasm. Optimal nur filtrini tanlash(GAH-1).

1-jadval va 1l-rasmda keltirilgan natijalarga ko‘ra, Hg(ll) va Pb(Il) ionlarining GAH-1 reagenti bilan komplekslari Angqy=470 nm,
Apby=450 nm to‘lqin uzunligida eng yuqori optik zichlikni namoyon qildi.

Rangli kompleks birikmalar hosil bo‘lish reaksiyalarini amalga oshirishda e’tiborga olinishi kerak bo‘lgan tomonidan biri eritma muhiti
ekanligini hisobga olgan holda Hg?* va Pb?* ionlarining gasipol hamda uning hosilalari bilan hosil gilgan komleks birikmalari uchun magbul sharoit
tanlashda pH ko‘rsatkichi turli xil bo‘lgan universal bufer eitmalar tayyorlandi va optik zichliklari 0’lchandi. GAH-1 reagenti bilan Awguy=470 nm,
Aepay=450 nm to’lqin uzunligida nur yutish qalinligi ¢=1,0 sm li kyuvetalarda o‘lchandi. Olingan natijalar 2 -rasmda Kkeltirildi.

0,1
- \
[1]
0 2 4 6 8 10 12

pH
w—g=Hg(IT) pH=4,20 Ph(I1) pH=5,70
2-rasm. Hg(Il) va Pb(ll) ionlarining GAH-1 bilan hosil gilgan kompleks birikmalarining magbul muhitga bog‘liglik grafigi.
2-rasmda keltirilgan natijalarga ko‘ra, Hg(l1) va Pb(I1) ionlarining GAH-1 bilan hosil gilgan kompleks birikmalaru eng yuqori optik zichlik

(GAH-1 pHuga=4,6-5,0, pHepa1y=5,6-5,8 gacha bo‘lgan oralig‘ida kuzatildi va muqobil muhit sifatida GAH-1 pearentn Gunan pHpguy=4,9,
pHepq1y=5,7; tanlandi.

0,119

] . o5 a
= g = =5 g8
S = S < 23
= S
= Hg(Il)
Ph(n)
Unversial bufer Na-sitratli bufer Asetatli buferi Na- gidroftalatli
eritma erifma eritma bufer eritma
3-rasm. Hg(Il) va Pb(I1) ionlarining GAX-1 pearentu bilan hosil qilgan kompleks birikmalarining magbul bufer eritma tarkibiga bog‘liglik
grafigi.

GAX-1 reagenti bilan Hg(I1) va Pb(Il) hosil gilgan kompleks birikmalarning Sendel bo‘yicha sezgirligi:

S.b.s = X129 = 9 9059 S.b.s = ¥1%%% = 9 0040

A25

T A2

o

a 4 = s 7 s °
s s 7 & s 4 a 2 1

4-rasm. Kompleks tarkibini Izomolyar seriyalar metodi yordamida aniglash grafigi(GAH-1).
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5-rasm. Kompleks birikmalar tarkibini asmusning to‘g‘ri chiziglar metodi yordamida aniqlash natijalari(GAH-1-a-Hg(l1)-b-Pb(l1)).
ng* —-R va Pp? — Rpwwm kompleks tarkibidagi komponentlarning mollar nisbatlari izomolyar seriyalar va Asmusning

to’g’ri chiziglar metodlari bilan aniqlandi. Grafikdan ko’rinib turibdiki, simob (1) va Pb (ll) ionlari bilan GAX-1 reagentining hosil gilgan
kompleksining tarkibi mollari 1:1 nisbatga to’g’ri keladi (4 va 5-rasm).

Eritmalarning har bir konsentratsiyasi uchun 3 martadan parallel o‘Ichashlar o‘tkazilib, o‘Ichash natijalari matematik statistika usuli bilan
gayta hisoblandi. Graduirovkali grafikning @ va 6 parametrlari eng kichik kvadratlar usuli yordamida hisoblandi. Olingan natijalar simob
(II) va qo‘rg‘oshin (II) ionlarini GAX-1 reagenti bilan spektrofotometrik aniglash usulining to’g’rligi va qayta tiklanuvchanligini tasdiglaydi, simob
(1) ionining olingan miqdori bilan topilgan migdori bir-biriga to’g’ri keladi va bunda nisbiy standart chetlanish (s;) simob ucnun 0,007 ga va
qo‘rg‘oshin (II) ionlari uchun 0,009 ga tengligi aniglandi.

peazenm

2-jadval
Sun’iy aralashma tarkibidan Fe(l11), Hg(I1) va Pb(ll) ionlarini GAH-1 bilan aniglash natijalari(n=5, P=0,95)

Aralashma tarkibi Kiritilgan ~ Hg?*, Topilgan Hg?*, mk <
kg kg 9 A i BN s X +AX
0,1289
K*, Na*, NHs*, CI,, Br, SOs*, NO3 0,1297
(1:500); AI%*, Ca?*, Mg%, POs*NO2 20,0 0,1308 19,67 0,134 0,007 19,67+0,166
(1:100); Bi**, Co?*, Fe?* (1:1). 0,1289
0,1292
Aralashma tarkibi Kiritilgan ~ Pb?*, Topilgan Pb?*, mkg <
kg kg A ° s S X +AX
0,1309
K*, Na*, NHs*, CI,, Br, SOs*, NO3 0,1313
(1:500); AI®*, Ca?*, Mg#, POs*NOy 20 0,1335 19,63 0,181 0,009 19,63+0,225
(1:100); Bi**, Co?*, Fe?* (1:1). 0,1325
0,1312

Xulosa va takliflar. Shunday qilib, simob (II) va qo‘rg‘oshin (II) ionlarini GAX-1 reagenti bilan aniglashda optimal sharoit aniglandi.
Shuningdek, HgZ+ -R va Pb** —R komplekslari holida aniqlash uchun tavsiya etilayotgan usul o’zinnig yuqori selektivligi,

peazenm peazenm

qayta tiklanuvchanligi va analiz usulinnig soddaligi bilan simob va qo‘rg‘oshin ionlarini turli xil ob’ektlardan kimyoviy analiz qilish amaliyotida
qo’llash imkonini beradi. Bunda nisbiy standart chetlanish (s;) simob ucnun 0,007 ga va qo‘rg‘oshin (II) ionlari uchun 0,009 ga tengligi aniglandi.
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Ilo om3vieom ooyenm MOHX M.Hbpazumosoii

CHHTE3 U CTPOEHU A KOMIUIEKCHBIX COEAUHEHWM PAJ1 3d METAJJIOB C 2-(2-TUAPOKCH®EHWT)-1H-
BEH3UMHUJIA30JI0OM
AHHOTaIUsS

Buepesie cuHTe3npoBansl komiuiekcHsie coequuenus noroB Ni(ll), Co(ll) u Cu(ll) ¢ 2-(2-ruppokcudennn)-11-6ensumunazonom (JHpb).
CrpoeHre CHHTE3MPOBAHHBIX KOMIUICKCHBIX COEIMHEHMI wu3ydeHo Metonamu osnemeHtHoro, SEM-EDS, HK-, pamaH-crniekTpocKoIiu,
TEPMOTPaBUMETPHYECKOr0 aHaIW3a. YCTAHOBJICHA 3aBUCHMOCTb COCTaBa, CTPYKTYPbl M CBOWCTB KOMIUICKCHBIX COCIMHEHHH OT HPUPOIbI
KOMIIIEKCO0Opa30BaTelis M CIOCOO0B KOOPAMHALIMH JIMTaH/Ia.

KuroueBble cioBa: koMmiuiekcHoe coequuenue, nukens (11), mens (11), kobanst (11), 2-(2-ruapoxcudenmn)-11-6en3umugason, UK-cnexrp, cocras,
CTPYKTYpa, CBOMCTBA.

2-(2-GIDROKSIFENIL)-1H-BENZIMIDAZOL BILAN 3d-METALLAR KOMPLEKS BIRAKMALARINING SINTEZI VA
TUZILISHI
Annotatsiya
1k bor Ni(ll), Co(ll) va Cu(ll) ionlarining 2-(2-gidroksifenil)-1n-benzimidazol (Hpb) bilan kompleks birikmalari sintez gilindi. Sintez gilingan
koordinatsion birikmalarning tuzilishi element, SEM-EDS, 1Q-spektroskopiya va termogravimetrik tahlillar yordamida o'rganildi. Kompleks
birikmalarning tarkibi, tuzilishi va xossalarining kompleks hosil giluvchining tabiatiga va ligandlarni koordinatsiyalash usullariga bog'ligligi
aniglangan.
Kalit so‘zlar: kompleks birikma, nikel(11), mis (I1), kobalt (1), 2-(2-gidroksifenil)-1H-benzimidazol, IR spektr, tarkib, tuzilish, xossa.

SYNTHESIS AND STRUCTURES OF COMPLEX COMPOUNDS OF A SERIES OF 3d METALS WITH 2-(2-HYDROXYPHENYL)-
1H-BENZIMIDAZOLE
Annotation

For the first time, complex compounds of Ni(ll), Co(Il) and Cu(ll) ions with 2-(2-gidroksifenil)-1n-benzimidazol (Hpb) were synthesized. The structure
of the synthesized complex compounds was studied by elemental, SEM-EDS, IR-, Raman-spectroscopy and thermogravimetric analysis. The
dependence of the composition, structure and properties of complex compounds on the nature of the complexing agent and methods of ligand
coordination has been established.

Key words: complex compound, nickel (11), copper (l1), cobalt (1), 2-(2-hydroxyphenyl)-1n-benzimidazole, IR spectrum, composition, structure,
properties.

BBeenne. MeTanioKOMIUIEKCHI, COJEPIKAIIME JIMTaH/Ibl HA OCHOBE UMU1a3071a, 00J1a/1at0T 00raToi KOOPAMHAIMOHHON XUMHEH U UMEIOT
psix yerosiBumxcs npumerenuii [ 1-3]. 2-(2-T'nppokcudenmn)oensumunazon (hpb) susercst N,O-OueHTaTHBIM JIMTAHAOM C ABYMS JIOHOPHBIMH
rpyINAaMH, MUMEIOIIMME 3HAYEHUE JUIs METALUIMYECKUX IEHTPOB B Ouonormueckux cucremax [4]. Hpb wusyuancs teopermuecku B KauecTse
Na3epHBIX Kpacutened U (UIyoOpecHEHTHBIX 30HAOB [S5, 6], 0JJHAKO METAJUIOKOMILIEKCHl Ha €ro0 OCHOBE OIPaHUYEHBI, OCOOCHHO B OTHOIICHHH
KPUCTANTIIECKUX CTPYKTYD. KommiekcHble  coeMHEHus TIPOM3BOJTHBIX 2-(2-runpokcudenmn)oeHsuMuaasona  00IafaoT
(OTONMIOMHUHECIIEHTHBIMA U MAarHUTHBIME CBoOMcTBamu [7-8]. XyaH W Jp. W3ydanu KOMIUIEKCHI €BPOMus ¢ 2-(2-mupuanin)0eH3uMuIasonom,
KOTOpBIE HCTIONIb3YOTCS B SIPKO-KPACHBIX AJIEKTPOITIOMHHECIICHTHEIX yeTpoiicTBax [9]. Taxske rpymia uccieoBaTesei CHHTE3HPOBaIa KOMILIEKCHI
nupuannoenzumuaaszona Ha ocaose Cd(I) u Zn(1II), nanygaromme cunuii cet [10]. KoMruiekchl HUKeIsS ¢ MIMHI030JI0M HMEIOT ONTHYECKHE U
MarHMTHBIE CBOMCTBA, KOTOPBIE MIPAIOT BaXKHYI poib B MmeauiumHe [11-12]. dotodusmueckue CBOMCTBA KOMIUIEKCOB TECHO CBSI3aHBI C MX
CTPYKTYPHBIMH OCOOCHHOCTSIMH, [IO9TOMY Ba)XKHO CHHTE3MPOBAaTh HOBBIE KOMILICKCHI C IPON3BOIHBIMI OCH3MMHU/I030]1a.

Ienpto naHHOM pabOTHI SBISIETCS CHHTE3, H3yYEHHE COCTaBa M CTPOCHUS KOOPAMHAUMOHHBIX coenuHennit Hukens (1), kodamsra (1) u
menu (I1) ¢ 2-(2-runpoxcudennn)- 1 H-6eH3nmMiaazonom.

O0beKThI U MeTObI HecaenoBanust. [t ciatesa ucrnonp3oBamu anermnaneranatasie comu Ni(ll), Co(1l), Cu(ll) mapku “u.m.a.” dpupms
Sigma Aldrich. B kayectBe 0OCHOBHOTO JiiraHaa ObUT BBIOPaH a30THCTHIIM reTepouk - 2-(2-ruapokcudennn)- 1 H-6ensumuaszon. Pactopurem:
BOJIa — OMAMCTHIIMpPOBaHHas; 3Tanol, IMDA.

Coneprxanne C,H,N,O ompenernerno B nadoparopun ['Y «Y36eKCKO-SIMOHCKAI MONOASKHBIA IEHTp WHHOBaIMii» Ha mpudope «FlashSmart»
¢upmer Thermo Scientific (CILIA). KonandectBa yriepona, a3oTa ¥ MeTajula B IOJYYEHHBIX KOMIUIEKCHBIX COSIHHEHHSX TaKKe ONpenessiIn
meromom SEM-EDX (Jeol IT 100 LA, SInonwus).

MK crieKTphl HOTIOMEHHS COeIMHEHHiT perucTpuposamu B o6mactu 400-4000 cvm? Ha ciekTpomerpe Spectrum Two dupmbt Perkin-Elmer
(CIIA), ucnons3ys yausepcaibHyto HIIBO mpucraBky ¢ aiaMa3sHBIM KPUCTAUIOM M TNOMIOKKY M3 ZnSe. PamaH CHEKTpHl MONYyYWIM Ha
crextpomerpe Horiba MacroRam (Slmonust) ¢ crekTpanbHbIM Auanazonom 100-3400 cm™, koToperit Bkmouaer aerektrop CDD HaydHOTO Kiacca,
nazep 785 um, 0-450 MBrT.

CHHTE3 KOMIUIEKCHBIX COSIMHEHHH OCYIECTBIIEH 110 Cleayolel MeToauke: kK pactBopy Hpb B atanone (0.1 MMoins) 1o6aBuin pacTBop
Ni(acac); (0,1 mmons) B crimpre. CMech IepeMeIInBaIi Ha MATHATHOM Memmanke B Tedenue 24 4. Uepe3 HECKOIBKO JHEH BBHITANAN 3€NCHBIH
KPUCTAJUTMIECKUIT 0Cal0K, KOTOPHIA OT(QUIBTPOBBIBATIN, HECKOIBKO Pa3 IPOMBIBAIIM YTAHOJIOM U CYIIMIH Ha BO3AyXe. TakuM ke MeTogoM ObLI
nonyyen komruieke Cu(ll) u Co(ll) ¢ Hpb. Ilepexpucrammsanuto Benu u3 cmecsio MDA criupr (2:3).
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Pe3yabTaThl M 00cyxKIeHHe. MeTo CKaHUPYIOIICH 3J1eKTPOHHOH Mukpockonuu (COM) Ui aHalu3a MaTepHAlIOB HAILEN MIMPOKOE
NpPUMECHEHHE B PELICHHH KOHKPETHBIX HAYYHBIX M TEXHOJOTMYECKUX 3a/ad BCICICTBHE HX BBICOKOH HMH(OPMATHBHOCTH M JOCTOBEPHOCTH
MOJy4aeMbIX pe3ysibTaToB uccienoBanus [13-14]. KonmdecTBo yriepona, KMCIOpoJa, a30Ta W METaUla B MONYyYCHHBIX KOMIUIEKCHBIX
COCIMHEHHSX Tarkke ObuM ompeneneHsl Merogom COM-DJIA. Ha ocHoBannu panHbix CDOM-DJIA MOXHO 3aKJIIOYHTH, YTO
KOMILIEKCOOOPa30BaHHE MOHOB METAIUIOB C OPTaHHYECKHMH JIMTAHAAMH MPUBOJUT K M3MEHEHHIO MHKPOCTPYKTYDBI JMIAHIOB, B YaCTHOCTH,

3a(pUKCHPOBAHBI MHOTOYHCIICHHBIE THKH METAJUIOB, 4TO HoATBepX)aAeHO DJIA (puc. 1-2).
K N-K

100" a o7,
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Puc. 1. Mukpoctpykrypa komiuiekcHoro coequaenus [Ni(acac)Hpb] u nanusie 3 1A
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Puc. 2. Mukpoctpykrypa KomruiekcHoro coenunenust [Co(acac)Hpb] u nanusie /1A

COM-MuKkporpagui KOMIUIEKCOB METAUIOB ITOKAa3hIBAIOT HEPOBHYIO ITOBEPXHOCTh C HAIMYHEM KpPHCTALIOB. OTH KPHUCTAJUIBI HE
HaOmonarorest Ha COM-H300paskeHUsIX YUCTOro Juraniaa. Ha pucyHkax mokasana Mop(osorisi HIOBEpXHOCTH KOMILIEKCOB HHUKENS U KOOANbTa.
MoskHO HabII04aTh HEOTHOPOAHYIO IIOBEPXHOCTH C OPaMH.

B UK-cnextpe nuranna Hpb nosocst Ha 3330 u 3284 cM ! cooTBeTcTBYIOT BaneHTHBIM KonebanusmM OH u NH-rpynmn cooTBeTcTBEHHO.
OTH MONOCH! PACIONIOKEHBI OMU3KO APYT K APYTY M3-3a BHYTPHMOJIEKYISIPHOTO BOJIOPOAHOTO CBSI3BIBAHMS MEXIY aTOMOM BOAOPOAa (peHOKCH
TPYNIIBL U OHUM H3 aTOMOB a30Ta UMHHOB. DTH IIOJOCH! 3HAYUTENIHHO H3MEHSIOTCS IPH 00pa30BaHUH METANIOKOMILIEKCOB, YTO YKa3bIBaeT Ha
JIEIPOTOHUPOBAHKE ¥ IOCIeNyoliee ydacTue (EHOKCHIPYIIBI B KOOpAMHAIMM MeTauia. XapaktepHsle moinocsl V(C—H) octaTkoB Koiblia
HaOmromaroTcst B o0mactu BonH Mexay 3038 u 3064 cm L Octpble WM cpeqHHe Mojockl B jauamaszoHe 900-730 et 00yCIIOBIICHBI
nedopMaloHHBIMU KoJIeOaHUsIMU BHE TUI0cKocTH Ut apomarryeckux C—H rpynm. Yactorsl v(C=C) a1 apoMaTHueCcKOro KoiblLa NPOsBISIOTCS
okomno 1541 ecm? ¢ nx co6CTBEHHBIMU xapakTeprcTHkamu it mranaa B MK-cnekrpax. [Ipenmonaraercs, YTo 3TH YaCTOTHI CMECTATCS Ha Ooiee
HHU3KYIO YacTOTYy MpH 00pa30BaHUM KOMIUIEKCa. AHAJIOTMYHO, aCHMMETPHYHbIE 4acTOThl Konebanus (C=N) oxumarorcs B nmpeaenax okoio 1649
em,

B UK-criekTpax KOMIUIEKCOB JE€MPOTOHUPOBAHNUE JIUTaHIa TOATBepskaaeTcst orcyrcTBreM monockt v(O—-H) (3321 cm™!) konebannu. Takske
npu kommiekcoobpasosanun cBszu V(N-H) (~1475 cm?), v(C=C) (~1579 ecm?), v(C=N) (~1642 cm) u v(C-0) (1242 cm) konebGanuu cMemeHst
B CTOpOHY 60Jlee HU3KUX BOJHOBBIX YHCEJ 110 CPABHEHMIO ¢ cBOGotHbIM Muranaam Hpb v(N-H) (~1490 cm?), v(C=C) (~1514 cm?), v(C=N) (~1649
em?) u v(C-0) (1273 cM?), TeM caMbIM yKa3biBas Ha KOOPMHAIIMOHHOE B3aUMOJIEHCTBHE MKy MMUHOATOMOM a30Ta M LEHTPAIbHBIM METAJLIOM
(puc.3-4).
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Puc.3 UK cnexrp xomiutekca [Ni(acac)Hpb]

B HK-cnekrpax xomiuiekcoB Ni(ll) u Co(ll) koopauHauust a30TOM MMUHHOM IPYIIIBI TAKKE MOKET ObITh MOATBEPIK/ICHA MOSBICHHEM
c1aboil TIOJIOCHI, PACTIONOKEHHO IPU HU3KUX BOJHOBBIX unciax (~450 cm?), kotopyro MoxHo otHecTu k (Me-N). B UK-criekTpax KOMILIEKCOB
JICIIPOTOHMPOBAHUE M IIOCIEAyIoUee ydacTue (HEHOKCHIBHON IPYNNBl B KOOPAMHALMM C METAUIOM TAaKXXE MOTYT OBITh ITOATBEPIKICHBI
MOSBJIEHHEM HOBBIX T10JIOC B 00J1aCTH GoJiee HU3KHX 4acToT (~575, ~670 cm™), koTopbie MoxkHO oTHeCTH K (Me-O).

© » 3
-] @ -]

"
@

T T T T T T T T T
00 3500 3000 2500 2000 1750 1500 1250 1000 750 500

Puc.4. UK cnextp xomiutekca [Ni(acac)Hpb]
Taxoke st HaOmoneHuit cesazeit Me-O 1 Me-N B KOMIIIEKCHBIX COSAMHEHHUSX ObUIM MOTYy4YEHBI MX PaMaH-CIIEKTPHI (puc. 5).
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Puc.5. Paman criektp komruiekca [Ni(acac)Hpb]

Ha6monenue nunuii norsomenus cesseit Me-O u Me-N B o6mactsax 570-670 cm™ u 420-450 cM™, 0TCYTCTBYIOIMX B CTIEKTPE JUTaHa,
yKa3bIBaeT Ha TO, YTO IIEHTPAIBHBII aTOM KOOPAWHHPYETCS C aTOMOM a30Ta MMHUIA30JIbHOTO KOJbIA M C aTOMOM Kuciopoxa rpymmsl —OH B
monekyne Hpb. Takum o6paszom, ananus VK- u pamMaH-CIIEKTPOB CHHTE3UPOBAHHBIX KOMILIEKCOB yKa3blBaeT Ha TO, 4to Hpb meiictByer kak
OWIeHTATHBIN JIUTaH I, KOOPAUHUPYSCH C IIEHTPaILHBIM ATOMOM Yepe3 aTOMBI a30Ta TeTEePOIMKIIA, a TAKKE Yepe3 aTOM KHUCIIOPOAa THIPOKCHIEHON
TPYIIIBL, 00pasyst MPU ITOM ISTHWICHHBIH XeIaTHBIN UKL

Jlnst oieHKH (IyOpecleHTHBIX CBOMCTB juranza Hpb u xoMmiekcoB ObUIM HM3MEPEHBI CIEKTPHI MOINIOMICHUS, (IYOPECHEHTHOro
BO30YXJeHHS U (IIyOpECIICHIHHU B dTaHoue (pHC. 6).
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Puc.6. ®nyopecuenTHble ciektpsl: a) Jlurana Hpb; 6) [Ni(acac)Hpb]
Tuk Bo36yxnenus ¢iyopecuenimn komiuiekcoB Ni(ll) Habmrogaercs B guanasone 331-390 um, uto coorBercTByer nepexogy HOMO—

LUMO. Xors nurang Hpb nveror HamBbicmii muk Bo30yxkaeHnst okoio 316 HM, MK BO30yXaeHUs Ha 328 HM, COOTBETCTBYIOLIMII TEPEXOY
HOMO-LUMO, 6s11 oTHecEH K BO30OYkaeHH0 3THX coenuHeHui. [Tnk duryopecuenunn kommiekcos Ni(ll) zaGmromaercs B quanasone 454 Hu,
a nuranaa npu 451 Hm.

3akuodenne. CuHTe3npoBaHbl KoMIUIeKCHble coequHeHus Hukens (II), koGamsra (II) m memm (II) ¢ 2-(2-rumpoxcudenmn)-1H-

OCH3UMU1a30JI0M. Y CTAaHOBJICHA 3aBUCHMOCTh COCTaBa, CTPYKTYPBI U CBOICTB KOMILICKCHBIX COSTMHEHUH OT MPUPOJIBI KOMILIEKCOOOPa30BaTest
U cr1oco00B KOOPJMHALIMY JIUTaH 1A
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KINETICS, ISOTHERM AND THERMODYNAMICS OF ABSORPTION OF Co (1) IONS INTO PPE-2 ANIONITE BASED ON
POLYVINYL CHLORIDE
Annotation

In the last decade, sorption materials such as biosorbents, clay minerals, and organic tars have been widely used in the purification of Co (Il) ions
from wastewater. However, traditional sorbents often have low adsorption capacity, low mechanical and chemical stability, and lack of reusability.
Taking into account the above-mentioned problems, in our ongoing scientific work, studies were conducted on the use of PPE-2 anionic-carrying
material obtained on the basis of polyvinyl chloride and urea in the purification of highly toxic Co (ll) ions from wastewater. For this, the laws of
sorption of Co (I1) ions from artificial solutions to PPE-2 anionite under static conditions were studied. The influence of various external factors,
concentration of Co (I1) ions in the solution, temperature of the sorption environment, duration of sorption and pH of the solution on the process of
sorption of Co (ll) ions to the anion exchange material based on polyvinyl chloride was studied.
Key words. PVC, modification, urea, Co (ll) ions, cyanide, sorption, chemical stability.

KUHETHUKA, U30TEPMA U TEPMOJUHAMMKA MOTJIOIIEHWA NOHOB Co (I11) BAHUOHHT II13-2 HA OCHOBE
MNOJIMBUHWIXJIOPUJIA
AHHOTaIUA

B nocnennee mecatmierne Uil OYMCTKHM CTOYHBIX Box oT MoHOB Co (II) mmpoko HCHONB3yIOTCS TakWe COPOLMOHHBIE MaTepHalbl, Kak
610COpPOEHTBI, IJIMHUCTBIE MUHEPAJIBI U OpraHu4eckue cMoiibl. OJJHAKO TPAAUIMOHHBIE COPOEHTHI 3a4acTyto 00JIaIal0T HU3KOU aICOPOLIMOHHOM
CIIOCOOHOCTBIO, HU3KOM MEXaHHYECKOM M XUMHUUYECKOH CTaOMIBHOCTBIO, a TAaK)KEe OTCYTCTBHEM BO3MOXKHOCTH IIOBTOPHOIO HCIIOJIb30BaHUSL.
VuuTteiBas BBILEH3JIOKEHHBIE NPOOJIEMBI, B HaIlled IOCTOSHHON HaydyHOW pabore OBUIM IPOBEJEHBI HCCIENOBAHUS II0 HCIIONH30BAHUIO
aHMOHcozepKaulero Matepuana [1113-2, nony4eHHOro Ha OCHOBE MOJIMBUHUIIXJIOPUIA M KapOaMuia, NP OYHUCTKE BHICOKOTOKCUYHBIX HOHOB CO
(1) ot Crounbie Boapl. {yist 3T0r0 66UIHM M3yYeHbl 3aK0HOMepHOCTH copOiu noHoB Co (II) 3 ucKycCTBEHHBIX pacTBOpoB aHuonutom I[1I13-2 B
CTATHYECKUX YCIIOBHSX. BIMsiHME pa3nuyHbIX BHEITHNX (hakTopoB, KoHIeHTparmy HoHoB Co (II) B pacTBOpe, TemmepaTypsl COPOLIOHHOM Cpebl,
MIPOJIOIDKUTENBHOCTH copOuuu u pH pactBopa Ha npornecc copbunu nonos Co (II) aHMOHUTOM Ha OCHOBE ObLI M3Y4€H MOJIMBUHUIXJIOPUL.
Karouesslie cioBa. [IBX, moaudukanus, moueuta, noust Co (II), manum, copOrms, XUMHIECKast CTAOUIBHOCTb.

POLIVINILXLORID ASOSIDA OLINGAN PPE-2 ANIONITIGA Co (I1) IONLARINING YUTILISH KINETIKASI, IZOTERMASI
VA TERMODINAMIKASI
Annatatsiya

So‘nggi o‘n yillikda ogava suvlaridan Co (I1) ionlaridan tozalashda, biosorbentlar, gil minerallar va organik smolalar kabi sorbsion materiallardan
keng foydalanilgan. Biroq, an’anaviy sorbentlar ko‘pincha past adsorbsiya qobiliyatiga, past mexanik va kimyoviy bargarorlikka hamda gayta
qo‘llash imkoniyatiga ega emas. Yuqorida keltirilgan muammolarni inobatga olgan holda, bajarilayotgan ilmiy ishimizda polivinilxlorid va
karbamid asosida olingan PPE-2 anionalmashinuvchi material yordamida oqava suvlarini yuqori zaharli bo‘lgan Co (ll) ionlaridan tozalashda
qo‘llash bo‘yicha tadgiqotlar olib borildi. Buning uchun PPE-2 anionitiga sun’iy eritmalardan statik shariotda Co (II) ionlarini sorbsiyalash
qonuniyatlari o‘rganildi. Polivinilxlorid asosidagi anion alimashinuvchi materialga Co (Il) ionlarini sorbsiya jarayoniga turli tashgi omillar,
eritmadagi Co (l1) ionlaridan konsentratsiyasi, sorbsiya muhit harorati, sarbsiya davomiyligi va eritma pH muhitlari ta’siri o‘rganildi.

Kalit so‘zlar. [IBX, mogudukaus, karbamid, Co (I1) ionlari, anianit, sorbsiya, kimyoviy bargarorlik.

Kirish. Bugungi kunda dunyoda ion almashinuvchi sorbentlarga bo‘lgan talab ortib bormogda, bu esa turli ion almashinuvchi sorbentlarni
olish va qo‘llash sohalarini o‘rganishni taqozo giladi. Mavjud ilmiy va amaliy muammolarni hal gilishda ion almashinuvchi texnologiyalarning
ro’lini belgilash, tarkibida turlicha xossaga ega bo‘lgan guruhlarni tutuvchi sorbentlar olishning zamonaviy usullarini aniqlash, fizik-kimyoviy
xususiyatlarini tadgiq gilish hamda, ushbu sorbentlarning sorbsion xossalarini tadqgiq gilish dolzarb hisoblanadi.

O’zbekistan Respublikasi Prezidentining 2021 yil 13 fevraldagi “Kimyo sanoati korxonalarini yanada isloh qilish va moliyaviy
sog’lomlashtirish, yuqori qo’shilgan giymatli kimyoviy mahsulotlar ishlab chiqarishni rivojlantirish chora-tadbirlari to’g’risida”gi PQ-4992-sonli,
2018 yil 25 oktyabrdagi “O’zbekiston Respublikasi kimyo sanoatini jadal rivojlantirish chora-tadbirlari to’g’risida”gi PQ-3983-sonli, 2019 yil 3
apreldagi “Kimyo sanoatini yanada isloh qilish va uning invistitsiyaviy jozibadorligini oshirish chora tadbirlar to’g’risida”gi PQ-4265-sonli
garorlari ijrosini ta'minlashda hamda mazkur faoliyatga tegishli boshga me'yoriy-huqugiy hujjatlarda belgilangan vazifalarni amalga oshirishda
ushbu ilmiy tadqiqot natijalari muayyan darajada xizmat giladi.

Mishyak, mis, kadmiy, xrom, nikel, rux, qo‘rg‘oshin va simob kabi og‘ir metallar, zararli, biologik parchalanmaydigan va turg‘un tabiati
tufayli turli chuchuk suv havzalarini asosiy ifloslantiruvchi moddalardir. Ko‘pgina sanoat tarmoglaridan chigadigan ogava suvlar tarkibida turli xil
og‘ir metallarning ko‘pchiligini uchratish mumkin. Aynigsa Co?, Cr¥, Cu®, Ni%, Pb%, Zn?" kabi ionlarning bunday suvlardagi
konsentratsiyalarining oshirilishi atrof muhitga zararli ta’sir ko‘rsatishi mumkin [15; 84-85 b.]. Og‘ir metallar suv muhitida yuqori eruchanligi
tufayli baliq va sabzavotlar tamonidan oson so‘riladi. Demak, ular 0ziq ovqat zanjiri orqali inson tanasida to‘planishi mumkin [16;32b 17; 112-113
b.]. Ular biologik parchalanmaslik qobiliyati va tirik organizmlarda to‘planish tendensiyasi tufayli turli kasalliklarni keltirib chiqaradi. Masalan
ichimlikdan 1.0 mg/l dan ortiq misni ortiqcha iste’mol gilish gemokromatoz va oshqozon-ichak trakti kasalliklariga olib keladi, chunki u odamlar
va hayvonlarning jigarida to‘planadi. Ushbu ionitlardan foydalanishdagi asosiy afzalliklari ularning yuqori kimyoviy va mexanik bargarorligi,
yugori ion almashinish gobiliyati va ion almashinish tezligi, shuningdek, boshga usullarga garaganda ion almashinuvi texnologiyasining eng arzon
va samarali ekanligi bilan belgilanadi.

Eksperimental gism. Polivinilxlorid asosidagi anion alimashinuvchi materialga Co(ll) ionlarini sorbsiya jarayoniga turli tashgi omillar,
eritmadagi Co(ll) ionlaridan konsentratsiyasi, sorbsiya muhit harorati, sarbsiya davomiyligi va eritma pH mubhitlari ta’siri o‘rganildi. Polvinilxlorid
va mahalliy modifikatorlar asosida sintez gilingan anion almashinuvchi materiallarning qo*llanilish sohalarini kengaytirish magsadida, anionitlarga
bo‘lgan sorbsion xossalari bilan birgalikda metall kationlariga bo‘lgan sorbsion xossalarini ham o‘rganish zarurdir. Chunki, tarkibida amino guruh
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saglagan ionalmashinuvchi materiallar asosan rangli metall ionlariga nisbatan yuqori sorbsion xossaga ega bo‘ladi. Bunga sabab, anionitlar
tarkibidagi azot atomlarining xususiy elektron juflari hisobiga rangli metall kationlari bilan donor akseptor bog* hosil qilib birikish xususiyatiga
egaligidandir.

Yangi granulalangan anion almashinuvchi materiallarga Co(II) ionlarini sorbsiyasini o‘rganish uchun turli konsentratsiyadagi metall
ionlarini saqlagan eritmalardan foydalanildi. Metall ionlarini anionitga sorbsiyasini o‘rganish magsadida suvda eruvchi tuzidan 0.1 mol/l
konsentratsiyali eritmasidan tayyorlab, eritmani suyultirish usuli bilan 0,001, 0,0025, 0,005, 0,0075, 0,01, 0,025, 0,05, 0,075 mol/l konsentratsiyali
eritmalari tayyorlandi. Aktivlangan ionitlardan 0,3 grammdan konussimon shisha kolbalarga solinib, 200 ml metall tuzlari eritmadan qo‘yildi va
sorbsiyaning vaqtga bog‘liligi 2, 4, 6, 8, 10 soat davomida har bir eritmadan metall ionlarining anionitga sorbsiyasi o‘rganildi. Tahlil shu daslabki
konsentratsiyalar asosida 303 K, 313 K, 323 K haroratlarda olib borildi. Eritmadagi metall ionlarini sorbsiyadan oldingi va keyingi konsentratsiyasi
Perkin Elmer En Spire UB (Multimode Plate Reader) qurilmasida aniqlab borildi. Sorbsiyaga qo‘yilgan eritmalar har ikki soatda standart eritmalar
bilan solishtirish uchun har bir konsentratsiyali sun’iy eritmalar tekshirib borildi va bir-biriga yaqin natijalarning o‘rtacha qiymati olindi.

Sorbsiya kinetikasi

Sorbsiya jarayoniga ta’sir etuvchi omillar ya’ni, vaqtga, haroratga, konsentratsiyaga bog‘ligliklari tadqiq qilindi. Metall ionlarini ionitlarga
yutilish jarayoni Psevdo birinchi tartibli va Psevdo ikkinchi tartibli kinetik modellarda tahlil gilingan. Metall ionlarini anionit, poliamfolitga
sorbsiyasini o‘rganish statik usulda PPE-2 tomonidan Co (ll) ionlarining yutilishi bo‘yicha tadqiqot natijalari keltirilgan.

Co (I1) ionlarining PPE-2 ionitga sorbsiyalanish jarayoni kinetikasi keltirilgan rasmda, log(ge - g:) va t vagtga nisbatan tuzilgan grafikdan
psevdo birinchi tartibli va psevdo ikkinchi tartibli kinetik parametrlarini topish orgali baholandi.
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3.6.1-rasm: PPE-2 anionitga Co (1) ionlari sorbsiyasini psevdo birinchi tartibli (1) va psevdo ikkinchi
tartibli (2) kinetik modellari

PPE-2 anionitga Co (I1) ionlari sorbsiyasi 59-4425 mg/l konsentratsiyali eritmalarda o‘rganilgan. Kinetik tahlillarga ko‘ra, korrelyatsiya
koeffitsenti R? = 0.973 — 0.999, Gma= 2.22-8.404 oralig‘idagi natijalaridan psevdo ikkinchi tartib

kinetik modelga mos kelishidan dalolat beradi. Quyidagi jadvalda anionitga metall ionlari yutilgan natijalari psevdo birinchi tartib va
psevdo ikkinchi tartib bo‘yicha keltirilgan.

Quyida keltirildgan 3.6.1- jadvaldagi ma’lumotlar Co (II) ionlarining anionitga sorbsiyalanish jarayoni Kinetikasi birinchi tartibli modelga
nisbatan ikkinchi tartibli model ma’lumotlari yaxlitlikka yaqinligini ko‘rish mumkin. Birinchi tartibli model parametrlar natijalari anionitga
dastlabki vaqtlarda Co (II) ionlarining yutilishi tez sur’atlarda borganligini va so‘ng sorbsiya tezligi sekinlashganligi kuzatildi. Bunga sabab,
adsorbent yuzasida metall ionlari miqdori to‘planishi va ionlar o‘rtasidagi muvozanat yuzaga kelganligi bilan tushuntirish mumkin.

Ikkinchi tartibli sorbsiya jarayoni grafiklaridan topilgan korrelatsiya koeffitsienti birinchi tartibli adsorbsiya korrelatsiya koeffitsientiga
(R? nisbatan birga yagin chiggan va jadvaldagi kinetik parametrlar giymatlari Co (II) ionlaring anionitga yutilishi ikkinchi tartibli adsorbsiya
kinetikasiga buysunganligidan dalolat beradi. Bu esa sorbsiya jarayoniga ionlar tabiati bilan birga ionitlar tarkibidagi amino guruhlar ham ta’sir
ko‘rsatganligini bildiradi.

Natijalar. Ma’lumki, amaldagi massalar qonuni asosida ko‘rib chiqilganda doimiy miqdordagi funksional guruhlar ishtirokida sodir
bo‘ladigan qo‘shimchalar va almashtirishning geteragen kimyoviy jarayonlari Lengmyur xususiyatlariga ega bo‘lgan tenglamalar bilan tavsiflanadi.
Sorbsiya izotermalarni tavsiflash uchun Lengmyur tenglamasi quyidagicha qo‘llaniladi.

~ K-C
qe _q,ualc 1+K-C
Bunda: K- adsorbsiyalanish muvozanat konstantasi, qw - berilgan harorat uchun adsorbsiyaning maksimal giymati. Odatda K va qe
kattaliklarni topish uchun Lengmyur tenglamasi quyidagi ko‘rinishga keltiriladi:
C 1 1
_—€& _ + . Ce
qe quL qmax

Lengmyur konstantasini (K\) topish uchun Lengmyur tenglamasini (2) chiziqli shaklga o‘tkazish mumkin. qmax va K. giymatlarini Ce/q
ning C.bog‘liglik grafigidan aniqlash mumkin.

Lengmyur izoterma parametrlarining muhim xususiyati, ajratish koeffitsienti “R,” yordamida adsorbent va adsorbat o‘rtasidagi munosabat

hagida xulosa chigarish mumkin.

!
U 1+K,-C,

Bunga (4) ko‘ra: adsorbsiya jarayoni uchun 0 < R < 1 qulay, R. > 1 noqulay, R, = 1 chizigli va R_= 0 qaytmas bo‘lishini ifodalaydi.
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3.6.2-rasm. Lengmyur izotermasi. lonitlarga oralig metall ionlarining 1/q. va 1/Ce giymatlari o‘rtasidagi bog‘liglik grafigi

Yugorida keltirilgan 3.6.2-rasmda keltirilgan PPE-2 anionitiga 303, 313, 323 K eritmalardan Co (ll) ionlarining sorbsiya jarayonlari uchun

Lengmyur konstantalari hisoblandi. Ekstrapolyatsiya chizig‘ining ordinata o‘qidan kesishgan qismi quyidagiga teng:

1
qMaxKL

To‘g'ri chizigning tangens burchagi qiymati quyidagiga teng:

1
tgaa = —— yoki ClQa=q,,. .
max
Haroratlarga mos ravishda hisoblangan natijalar 4.3.3-jadvalda keltirilgan.

Freyndlix izoterma modeli
Quyidagi tenglama bilan ifodalanadi:

n
qe =K F Ce}/
Freyndlix izoterma tenglamasi yordamida turli — (ideal bo‘lmagan) eritmalarda boradigan sorbsiya jarayonlarini o‘rganish mumkin. Ushbu
modelning chiziqli tenglamasini quyidagi ko‘rinishda ifodalash mumkin:

1
logg, =log K. +(H logC,
Bu tenglamada: g, — ma’lum massali sorbentga yutilgan metall ionlarining migdori (mg g*), Ke- Freyndlix konstantasi, C- eritmaning muvozanat
konsentratsiyasi (mg I'%), 1/n - sorbsiya intensivligi. Freyndlix konstantalari K va n(n= 1-10) giymatlarini log g. bilan log C. chizigli grafigida
kesishish giyaligining burchak giymati orgali topiladi.
Muvozanat izoterma jarayonlarini Freyndlix modeli bilan ham tahlil gilindi. Bunda dastlab, PPE-1 anionitni oraliq metallar bilan sorbsiya grafiklari
keltirilgan.

4 Co(I)
3.5 .
3 4
_ 25
E 2 |
= 15 * #303K
=
=i 1 -
1 B313K
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IBK
U T T T T 1
0 0.5 1 15 2 15
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3.6.3-rasm. PPE-2 anionitga metal ionlarining sorbsiya Freyndlix izatermasi
Yugorida keltirilgan 3.6.3-rasmdan PPE-2 anionitiga 303 dan 323K haroratlarda eritmalardan Co (Il) ionlarining sorbsiya jarayonlari
uchun Frendlix konstantalari hisoblandi. Hisoblab topilgan natijalar 3.6.1-jadvalda keltirilgan.
3.6.1-jadval
Metall ionlarining PPE-2 ga sorbsiya
Lengmyur va Freyndlix izotermasi natijalari.

Izoterma Metall ionlari sorbsiyasi
parametrlari Co (1)

Freyndlix PPE-2 Anionit

N 15

Ky 2.62

R? 0.952

Lengmyur PPE-2 Anionit

Ke 84

Ru 0.156

R? 0.953
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Yuqoridagi jadvallarda sorbsiya izotermasining Freyndlix tenglamalari bo‘yicha barcha hisoblangan natijalari keltirilgan. Freyndlix

parametr giymatlari PPE-2 anionitiga ko‘ra Co (II) ioni n=1,5 ga teng, bu esa anionitga metall ionlari sorbsiyasi kuzatilganidan dalolat beradi.
Korrelatsion koeffitsientlari R? giymati PPE-2 anionitga Co (11) 0,952. Lengmyur parametr giymatlari PPE-2 anionitiga ko‘ra mos ravishda barcha
oralig metallarda korrelatsion koeffitsientlari R giymatlari 1 ga yaqinligi va sorbsiya jarayoni uchun 0<R. <1 qulay, R >1 noqulay, R =1 chizigli
va R=0 qaytmas bo‘lishini ifodalaydi. Sorbsiya jarayoni Lengmyur monomolekulyar adsorbsiyasiga nazariyasiga bo‘ysunishini (R -qulay
bo‘lishi) ko‘rsatadi.

Xulosa. PPE-2 anionitining qo‘llanish sohalarini kengaytirish magsadida PPE-2 anionitga Co (ll) ionlari sorbsiyasi izotermasi o‘rganildi.

Kinetik tahlillarga ko‘ra, korrelyatsiya koeffitsenti R? = 0.973 — 0.999, Qmax= 2.22-8.404 oralig‘idagi natijalaridan psevdo ikkinchi tartib kinetik
modelga mos kelishidan dalolat beradi. RRE-2 anion almashinuvchi materialga Co (1) ionlarining maksimal adsorbsiya giymati q»=30,9 mg/g ga
tengligi hisoblab topildi.
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Urganch davlat universiteti kimyo kafedrasi dotsenti, k.f.n E.Eshchanov taqrizi asosida

SYNTHESIS AND QUANTUM-CHEMICAL ANALYSIS OF POLYNUCLEAR COMPLEX BASED ON Cu(ll) SALT OF PARA-
HYDROXYBENZOIC ACID AND SODIUM SULFATE
Annotation

In this article, the analysis of the structure of a new polynuclear metallocomplex compound containing [CuNa(PHBA),SO,] was performed using
Hyperchem Professional software. Through these calculations, the electron density, electronic structure and reactivity of the ligand and the complex
compounds obtained on its basis were determined. Using this program, it was proved that the oxygen atoms in the carbonyl and hydroxy groups of
para-hydroxybenzoic acid have a relatively high electron density and form an ionic bond with the copper atom, as well as the fact that the oxygen
atoms in SO, in the Na,SO, molecule form a coordination bond with the Cu atom and form a polynuclear complex.

Key words: para-hydroxybenzoic acid, copper, hydrogenium, carbonyl group, donor atoms, ligand, polynuclear complex, coordination number,
Hyperchem Professional program, electron density, ionic bond.

CHUHTE3 M KBAHTOBO-XUMHWYECKWA AHAJIN3 MOJIMAIEPHOT O KOMIIJIEKCA HA OCHOBE Cu(ll) COJIA
HMAPATHJIPOKCUBEH30MHOM KUCJOTHI U CYJIb®ATA HATPUS
AHHOTaIUA

B nanHOI1 cTaThe ¢ HCIONB30BaHKEM ITporpaMMHoro obecriedenns: Hyperchem Professional mpoBeneH aHanmu3 CTpyKTypsl HOBOTO HOJIMSAEPHOTO
METAUIOKOMIUIEKCHOTO coequHeHns, conepxkamtero [CuNa(PHBA),SO,]. Ilyrem 5THX pacdeTroB OIpenesieHbl OJJIEKTPOHHAS IUIOTHOCTb,
3JIEKTPOHHAs CTPYKTYPa M PEaKLIMOHHAS CIOCOOHOCTD JIMTaH/1a M KOMIUIEKCHBIX COSJUHEHUI Ha ero ocHoBe. C IOMOILbIO 3TOH IPOTrpaMMbl ObLIO
JIOKa3aHo, YTO aTOMBI KHCJIOPOJa B KapOOHWIBHON M I'MAPOKCUTPYIIAX Aapa-TUAPOKCHUOCH30HHOW KHCIOTHI HMEIOT OTHOCUTENIBHO BBICOKYIO
9NEKTPOHHYIO [UIOTHOCTh M 00PA3yr0T HOHHYIO CBSI3b C aTOMOM ME[H, a TAKKe TO, 4TO aToMbl kuciopoaa B SO, B Monekyna Na,SO4 o6pasyer
KOOPAMHAIMOHHYIO CBsi3b ¢ aToMoM CU 1 00pa3yeT HOJnsAepHbIil KOMILIEKC.

KnioueBble cjoBa: mapa-rHApoKCcHOEH30MHas KHUCIIOTa, Melb, BOXOPOJ, KapOOHWIBHAS TPYIIA, aTOMBI-IOHOPHI, JIUTAH, MOJIUHYKICapPHBIH
KOMILIEKC, KOOPAMHALMOHHOE YKcio0, mporpamma Hyperchem Professional, 31ekTpoHHas IIIOTHOCTh, HOHHAS CBSI3b.

PARA-GIDROKSIBENZOY KISLOTANING Cu(ll) TUZI VA NATRIY SULFAT ASOSIDA POLIYADROLI KOMPLEKSINING
SINTEZI VA KVANT-KIMYOVIY TAHLILI
Annotatsiya

Ushbu magqolada [CuNa(PHBA),SO,] tarkibli yangi poliyadroli metallokompleks birikma tuzilishi tahlili Hyperchem Professional dasturi orgali
hisoblashlar amalga oshirildi. Ushbu hisoblashlar orgali ligandning va u asosida olingan kompleks birikmalarning elektron zichliklari, elektron
tuzilishi va reaksion qobiliyatlari aniglandi. Para-gidroksibenzoy kislota tarkibidagi karbonil va gidroksi guruhidagi kislorod atomlari nisbatan
yugori elektron zichlikka ega ekanligi va mis atomi bilan ion bog* hosil gilishi, shuningdek Na,SO, molekulasidagi SO, dagi kislorod atomlari mis
atomi bilan bog‘lanib koordinatsion bog* hosil gilib, poliyadroli kompleks hosil bolishi ushbu dastur yordamida isbotlandi.

Kalit so‘zlar: para-gidroksibenzoy kislotasi, mis, vodorod, karbonil guruhi, donor atomlari, ligand, ko‘p yadroli kompleks, koordinatsion ragam,
Hyperchem Professional dasturi, elektron zichligi, ionli bog‘lanish.

Kirish. O¢zbekiston Respublikasi Prezidentining 2018 yil 25 oktyabrdagi «O‘zbekiston Respublikasida kimyo sanoatini jadal rivojlantirish
chora-tadbirlari to‘g risidangi PQ-3983-son, 2019 yil 3 apreldagi «Kimyo sanoatini yanada isloh qilish va investitsion jozibadorligini oshirish»
dagi PQ-4265-son, 2019-yil 23-oktabrdagi “O‘zbekiston Respublikasi gishloq xo‘jaligini rivojlantirishning 2020-2030-yillarga mo‘ljallangan
strategiyasini tasdiqlash to‘g‘risida”gi PF-5853-son, 2020 yil 12 avgustdagi “Kimyo va biologiya yo*nalishlarida uzluksiz ta’lim sifatini va ilm-fan
natijadorligini oshirish chora-tadbirlari to‘g‘risida” gi PQ-4805-sonli qarorlarida, kelajakda qgishloq xo‘jaligi sohasidagi islohotlar samarasini
oshirish va ushbu jabhani rivojlantirish yuzasidan agrar sohani rivojlantirish, qishloq xo‘jaligi mahsulotlarini klaster asosida gayta ishlash va oziq-
ovqat xavfsizligini ta’minlash, fermer va dehqonlar daromadini 2 barobarga ko‘paytirish uchun zarur sharoitlari yaratish, qishloq xo‘jaligining
yillik o‘sish sur’atini 5 foizga yetkazish kabi muhim ustuvor vazifalar belgilangan[1]. Bu borada gishloq xo‘jaligi o‘simliklaridan yugqori hosil olish
magqsadida turli tarkibli stimulyatorlarni qo‘llash va o‘simliklar hosildorligini oshirish, taklif etilgan. Bu ishda tuproq unumdorligini va g‘alla
ekinlari hamda paxta o‘simligining hosildorligini oshiruvchi geteroyadroli kompleks birikmaning sintezi va fizik-kimyoviy metodlar yordamida
tahlili berilgan.

Poliyadroli koordinatsion birikmalari yugori samaradorligi va intensivligi sababli tibbiyotda, kimyo sanoatining turli sohalarida va gishlog
xo‘jaligida keng ko‘lamda ishlatilib kelinmoqda. Salitsil kislota va uning hosilalari antioksidant xossa namoyon qilganligi tufayli farmasevtika,
parfumeriya, katalitik jarayonlar, shuningdek peptitsid sifatida qishloq xo‘jaligi ekinlarini har xil zararli zamburug‘lar va kasalliklardan saqlashda
va mikroelementlar bilan boyitishda qo‘llanilmoqda. 4-gidroksibenzoy kislotaning metall komplekslari antioksidant hisoblanadi aynigsa, ishqoriy
va ishqoriy-yer metallari bilan poliyadroli koordinatsion birikmalari O‘rta Osiyoda jumladan, O‘zbekistonda kam o‘rganilganligi sababli ilmiy ish
ahamiyatini yanada oshiradi. Shuning uchun para-gidroksibenzoy kislotaning geteroyadroli birikmalari tuzilishi dastlab HyperChem professional
dasturi orgali ayrim xossalari o‘rganildi.

Mavzuga oid adabiyotlar tahlili. So‘nggi yillarda murakkab ko‘p yadroli birikmalar kimyosi nazariy va amaliy qo‘llash orqali keng
ko‘lamli rivojlanishni boshdan kechirdi. Muvofiglashtiruvchi birikmalar biologiya fanlaridagi gizigarli xususiyatlari tufayli juda talab gilinadigan
tadqiqot sohasidir. Xususan, o‘tish metallarining murakkab birikmalari dori ta’sirining stimulyatorlari sifatida juda yaxshi tanilgan, chunki organik
preparatning samaradorligi odatda metall ioni muvofiglashtirilganda ortadi[2]. Metall ionlarining tabiati, shuningdek, ligandning turi, metall ionlari
bilan muvofiglashtirish orgali ligandlarning biologik xususiyatlarini oshirishning turli imkoniyatlari tufayli murakkab birikmalarning farmakologik
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faolligida hal giluvchi rol o‘ynaydi. Ligandlar sifatida karboksilik kislotalar bilan o‘tish metall klasterlari nazariy va amaliy jihatdan katta ilmiy
qiziqish uyg‘otadi. Ushbu sohaning misli ko‘rilmagan rivojlanishi kimyoviy bog‘lanishlar va molekulyar tuzilish nazariyalarini to‘ldirishga,
koordinatsion birikmalarning optik va magnit xususiyatlarini ajratib ko‘rsatishga muhim hissa qo‘shdi[2]. Hozirgi vaqtda orto- va para- gidroksil
benzoy kislotalarning oraliq metall komplekslari koordinatsion kimyo, kristall muhandislik va potentsial qo‘llanmalar uchun katta ahamiyatga ega
[3]. Shuning uchun bunday turdagi ligandlarni o‘z ichiga olgan metall komplekslari ko‘pincha spektroskopik, strukturaviy va termal usullar bilan
o‘rganiladi [3]. Shuni ta’kidlash kerakki, ixtisoslashtirilgan adabiyotlarda nafaqat salitsil kislotasi va uning hosilalarining o‘tish metallari bilan
koordinatsion birikmalariga, balki 2s va 3d tipidagi metallarni o‘z ichiga olgan geteroyadroviy birikmalarga ham qiziqish ortib bormoqgda.
Koordinatsion salitsil kislotasi (HSal) ko‘p qirrali liganddir, chunki u ikkita kuchli donor markazni ta’minlaydi va metall ionlarini turli yo‘llar bilan
muvofiqlashtirishga qodir, bu boshqa yadroli koordinatsion birikmalar hosil bo‘lishi va potentsial xususiyatlar spektrini oshiradi[4,5]. Para-
gidroksibenzoy kislotasi (PHBA) tabiiy birikma sifatida keng ko‘lamli biologik faollikni namoyish etadi [6], jumladan, stimulyatsiya giluvchi [7]
va mikroblarga qarshi [8] faollikning zaif ortishi. Oxirgi ta’sirlar bir xil biologik faollikni ko‘rsatadigan boshqa ligand ishtirokida aralash ligandli
metall komplekslari yordamida sezilarli darajada oshishi mumkin, masalan, o‘rtacha stimulyator va antimikrobiyal xususiyatlar bilan tavsiflangan
monoetanolamin (MEA) xuddi shunday moddalar gatoriga kiradi [9]. Bo‘yoqlar, fungitsidlar, kosmetika va dorilar uchun oraliq mahsulot sifatida
ishlatiladi; ozig-ovgat saglovchi, korroziyaga garshi ingibitor, antioksidant va emulsifikator sifatida, polyester ishlab chigarishda komponent
sifatida va suyuq kristall polimerlarning tarkibiy gismi sifatida ishlatiladi. Shuningdek, pestitsidlar, antiseptiklar va farmatsevtika vositalari uchun
oralig mahsulot sifatida ishlatiladi; [10]. Oraliq metallar bilan hosilalari sintetik preparatlar, ozig-ovqgat konservantlari va uning metil, propil va
butil efirlari kosmetika va farmatsevtika uchun ishlatiladi[11,12].

Tadqgigot metadologiyasi. [CuNa(PHBA),SO,] tarkibli kompleks birikma sintezi quyidagi metodika bo‘yicha amalga oshirildi. Qaytarma
sovutgich bilan jihozlangan ikki og‘izli kolbaga, 0,001 mol CuSO,5H,0 tuzining 10ml eritmasi quyildi. Eritma ustiga ikkinchi eritma 0,002 mol
para-gidroksibenzoy kislotaning 20ml etanoldagi eritmasi quyildi va Na,SO, tuzining 10% li eritmasi, har 10 minut davomida 5ml dan qo‘shiladi.
Avralashma 50 minut davomida aralashtirib turgan holda, gaynatildi [13]. Keyin ushbu aralashma xona haroratida 1 sutka davomida sovitildi. So‘ng
hosil bo‘lgan to‘q ko‘k rangli cho‘kma [CuNa(PHBA),SO; filtrlab olib, avval suvda, keyin etanolda yuvildi va 12 kun davomida xona haroratida
qoldirildi. Natijada, misning para-gidroksibenzoy kislota va natriy sulfat bilan poliyadroli kompleks birikmasining monokristali o‘stirildi.

Tahlil va natijalar. Kvant-kimyoviy tadgigotlar model tuzish, uni optimizasiyalash, spektroskopik va termodifferensial hisoblashlar olib
borish, natijalarni gayta ishlash va vizualizatsiyalash kabi ketma-ket bir nechta bosqichni oz ichiga oladi. Kvant kimyoviy hisoblashlar ligand
molekulasining mumkin bo‘lgan koordinatsiya markazlari, koordinatsiyalanish imkoniyatlari, energetik, geometrik va elektron parametrlarini
hisoblash magsadida o‘tkazildi. Ushbu hisoblashlar Semi-emperical/Am1/UHF metodidan foydalanilgan holda bajarildi. Ligand, metal
ligand(MeL) va geteroyadroli kompleks birikma molekulalarining donor va reaksion faol atomlaridagi elektron zichliklar va effektiv zaryadlarning
giymatlariga asoslanib, olingan moddalar ganchalik selektivligi va reaksiya natijasida olingan moddalar amaliy jihatdan ahamiyatliligi bashorat
qgilindi.

«

1-rasm. Para-gidroksobenzoy kislotaning elektron tuzilishi
Kvant-kimyoviy hisoblash usullari ko‘p funksional ligandlarning koordinatsiyaga uchraydigan ragobatdosh donor markazlarini oldindan
aytib berish imkonini beradi. Ushbu ishda HyperChem 8.07 dasturi yarim empirik usuli yordamida 4-gidroksibenzoy kislota va yangi kompleks
birikmalar molekulalarining reaksion qgobiliyati kvant-kimyoviy tahlil gilindi. Ligand va olingan yangi poliyadroli kompleks molekulasining
potensial, kinetik va umumiy energiyalari, bog‘ uzunliklari burchak qiymatlari va RMS gradientlari aniglandi(1-jadval).
1-jadval
Ligand va sintez gilingan kompleks birikmalarning ayrim energetik giymatlari

Birikmalar Bog* uzunligi Burchak® Umumiy energiyasi,kkal/mol
PHBA 8.50667 3.69279 16.948960
[Cu(PHBA),] 90.5633 47.7645 122.08
[CuNa(PHBA)>SO4] 94.2193 60.9464 124.507
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2-rasm. Para- gidroksibenzoy kislotaning zaryadlar tagsimlanishi
Ushbu ishda ayrim xususiyatlarni o‘rganish maqsadida yarimempirik AM1 va MNDO usullari bilan para-gidroksibenzoy Kkislota,

Cu(PHBA), va [CuNa(PHBA),SO,] tarkibli poliyadroli kompleks birikmalarning reaksion gobiliyatini kvant-kimyoviy tahlil qilindi. Unga ko‘ra,
ligand va koordinatsion birikma atomlaridagi zaryadlarni solishtirish natijasida para-gidroksobenzoy kislota molekulasidagi karbonil guruhdagi
kislorod atomlarida nisbatan yuqori manfiy zaryad borligi sababli metal kationi bilan ion bog‘ hosil qilishi va sulfat ionidagi kislorod atomlari
bilan koordinatsion bog* hosil qilishi aniqlandi (2-rasm).
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3-rasm. [CuNa(PHBA),SO,] tarkibli geteroyadroli kompleks birikma molekulasining tuzilishi
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4-rasm. [CuNa(PHBA),SO4] tarkibli poliyadroli kompleksning elekrostatik potensial giymatlari

Xulosa. Para-gidroksobenzoy kislota va u asosidagi geteroyadroli kompleksning elektron tuzilishi va energetik giymatlari HyperChem

Professional dasturiy paketi yordamida kvant-kimyoviy hisoblashlar orgali tahlil gilindi va oraliq metall ionlari va s-element bilan ligandning
afzalroq koordinatsiyaga kirisha oladigan markazlari aniglandi, komplekslardagi koordinatsion tugunning tuzilishi o‘rganildi hamda ligandning
tabiatiga ko‘ra ichki kompleks tetraedrik tuzilishdagi kompleks hosil bo‘lishi va mis atomining koordinatsion soni to‘rtga tengligi aniqlandi.
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GAZDAN SUYUQ YOQILG‘LAR OLISH TEXNOLOGIYALARI
Annotatsiya
Mazkur magolada sintez gazi ishlab chigarish va Fisher-Tropsh sintezining nazariy asosi yoritilgan. Shuningdek, bugungi kunda mamlakatimizda
ishlab turgan GTL zavodi, GTL mahsulotlari va ba’zi jarayonlarning texnologiyasi keltirilgan.
Kalit so‘zlar: GTL, sun’iy sintetik yoqilg‘ilar, Fisher-Tropsh sintezi, singaz, texnologik sxema, distilyat.

TEXHOJIOT WU MOJYYEHUSA )KUJKOI'O TOIIJINBA U3 T'A3A
AHHOTaIUsA
B naHHO# cTaThe OMKMCaHBI TEOPETUUECKHE OCHOBBI MPOU3BOJICTBA CUHTE3-Ta3a U cuHTe3a dumepa-Tponma. Takxke npeacrasneH 3asox GTL,
JIEWCTBYIOLUI CeroHs B Halel crpade, npoaykuus GTL u TeXHoIorus HeKOTOPhIX MPOLIECCOB.
Kurouessie ciioBa: GTL, HCKYCCTBEHHBIE CHHTETUYECKHE TOIUIMBA, cuHTe3 Duinepa-Tponiia, cCMHra3, TEXHOJIOrH4ecKas cxema, JUCTUILIAT.

TECHNOLOGIES FOR OBTAINING LIQUID FUEL FROM GAS
Annotation
This article describes the theoretical foundations of synthesis gas production and Fischer-Tropsch synthesis. It also presents a GTL plant operating
today in our country, GTL products, and the technology of some processes.
Key words: GTL, artificial synthetic fuels, Fischer-Tropsch synthesis, syngas, process flow diagram, distillate.

Kirish. O‘tgan asrlar davomida neft motor yoqilg‘isi va asosiy organik sintez mahsulotlarini ishlab chigarish uchun asosiy xom ashyo
manbai bo'lib kelgan. Biroq, hozirgi paytda vaziyat o‘zgara boshladi. Tasdiqlangan neft zaxiralariga nisbatan neft istemoli bir necha barobar ortgan.
Brent markali neft narxi 1999-yilda bir barrel uchun 20-25 dollar, 2008 yilda 70-120 dollargacha ko"tarildi va bu o’sish bugungi kungacha davom
etib kelmoqgda. "Neft davri" ning tugashi allagachon mugarrar va biz bunga hozirdan tayyorlanishimiz kerak.

Yagin kelajakda tabiiy gaz motor yoqilg‘ilari ishlab chigarish uchun igtisodiy jihatdan eng qulay va atrof-muhitni muhofaza gilish nugtai
nazaridan ham samarador bo‘lishi mumkin. Ekspertlarning hisob-kitoblariga ko‘ra, 2015 yilda jahon energetika bozorida neftning ulushi 36-38
foizgacha qisqaradi, gaz va ko‘mirning ulushi 24-26 foizga, ko‘mir 25-27 foizgacha, gidro- va atom energiyasining ulushi esa 5-6% ni tashkil
gilgan edi.

Tabiiy gazni yuqgori uglevodorodlar, yogilg‘i va kimyoviy mahsulotlarga aylantirish bilan shug‘ullanadigan kimyo sanoati guruhiga
“Gazdan suyuglikka” texnologiyalar (Gas To Liquid (GTL)) nomi berildi. Rus adabiyotlarida "Sintetik suyuq yoqilg‘i" atamasi qo‘llaniladi. GTL
texnologiyasi tabiiy gazni gayta ishlab, turli xil mahsulotlarga aylantirish imkonini beradi: masalan, etilen va a-olefinlardan tortib parafin
mumigacha. Eng qimmatli mahsulot sintetik dizel fraksiyasi bo‘lib, u ekspluatatsiya va ekologik xususiyatlar bo‘yicha neft dizel yoqilg‘isidan
ustundir. GTL texnologiyasi sayyoramizning gaz resurslarini o‘zlashtirish, gayta ishlaash uchun ochadigan imkoniyatlar tufayli u hozirda
sanoatning jadal rivojlanayotgan tarmog‘idir. Har yili yuzlab maqolalar va sharhlar va bir gator ixtisoslashtirilgan konferentsiyalar ushbu masalaga
garatilgan. GTL texnologiyasining turli jihatlari bo‘yicha patentlar soni hozirda 8000 dan oshdi [1]. ExxonMobil, Shell, ConocoPhyllips, Chevron,
Marathon, Statoil, Syntro-leum va boshqalar kabi yirik neft gazib olish va neftni gayta ishlash kompaniyalari tajriba zavodlaridan tortib to
ishlayotgan korxonalargacha bo‘lgan turli bosqichlarda o‘zlarining GTL loyihalariga ega. Yaqin kelajakda tabily gazning katta gismi sintetik
uglevodorodlargacha qayta ishlanishiga shubha yo‘q.

Mavzuga oid adabiyotlar tahlili. Tabiiy gazning asosiy komponenti hisoblangan metan termodinamik jihatdan ancha barqaror va ko‘proq
reagentlarga nisbatan inertdir. CH, dagi C-H bog‘lanish energiyasi 439 kJ mol™ ni tashkil qiladi. Metan asosidagi to‘g‘ridan-to‘g‘ri sintezni amalga
oshirish qiyin, chunki ularning mahsulotlari metanning o‘ziga qaraganda ancha beqaror va keyinchalik to‘liq oksidlanishga moyildir [2].

Shunday qilib, metanning metanolga aylanishi juda selektiv tarzda sodir bo‘ladi (taxminan 80%), lekin konversiya 7% dan oshmaydi [3].
Metan VIII guruh metallari va bug® ishtirokida yuqori haroratda faollashadi va bu sharoitda u uglerod oksidi va vodorod aralashmasiga (sintez gazi
yoki singaz) aylanishi mumkin [4]. Ikkinchi yo‘nalishda, metanni katalizatorsiz, kam kislorodli sharoitda qisman oksidlanishi sodir bo‘ladi. Bu
reaksiyada metanga qaraganda reaksion qobilyati ancha yuqori bo‘lgan va tegishli katalizatorlar ishtirokida turli xil birikmalarga aylanishi mumkin
bo‘lgan uglerod (II) oksidi hosil bo‘ladi. Xususan, singaz hosil bo‘lishini ta’minlaydigan, selektiv metall katalizatorlardan foydalanish GTL
texnologiyasining magsadli mahsuloti bo‘lgan yuqori uglevodorodlarni olishga imkon beradi [5,6].

Termokimyoviy nuqtai nazardan, CHs — [CO+H,] — CnHans2 Oksidlanish-gaytarilish ketma-ketligi muqarrar yo‘qotishlarni o‘z ichiga
oladi. Metanning yonish issigligi 213 kkal mol, yuqori alkanlarniki esa uglerod uchun taxminan 163 kkal mol [12]. Binobarin, metanni yuqori
alkanlarga aylantirishning nazariy energiya samaradorligi (163/213) = 77% ni tashkil giladi. Mavjud GTL zavodlarining real samaradorligi bundan
ham past (taxminan 63%) [8,9]. Shunga garamasdan bu suyuq uglevodorodlarni gazga nisbatan qulayroq tashish va saglashda igtisodiy jixatdan
samaradordir. Shunday qilib, tabiiy gazni yuqori uglevodorodlarga tijorat asosida gayta ishlash uch bosgichda amalga oshiriladi va har bir bosgich
mohiyatan sanoatning alohida tarmog’idir.

1. Metandan singaz ishlab chiqarish.

2. Singazni yugori uglevodorodlarga aylantirish.

3. Mahsulotlarni ajratish va yakuniy gayta ishlash.

Sintez gazi organik sintezning gimmatli oraliq mahsuloti hisoblanadi: u sof vodorod va CO ning manbai bo‘lib, spirtlar, atseton, karbon
kislotalar va dimetil efir ishlab chigarishda, oksosintezda shu bilan birga, boshqa yirik sanoat tarmoqlarida qo‘llaniladi. Tabiiy gazdan singaz ishlab
chiqgarish juda yaxshi o‘rganilgan soxadir [10].
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Tabiiy gazni sintez gaziga konversiyalash. Sintez - gaz (CO+H,) ishlab chiqgarishda eng ko‘p ishlatilgan texnologiya metanni bug‘li
konversiyalash (MBK), parsial oksidlash (PO) va avtomatik riforming (ATR) hisoblanadi. Bunda olinadigan sintez - gazi turli tarkibga ega bo‘ladi.

Metanni bug‘li konversiyalash usuli bo‘yicha sintez - gaz olishning asosiy reaksiyasi quyidagi ko‘rinishga ega bo‘ladi:

CH4 + H,0 <> CO + 3H,

MBK reaksiyasi eng keng tarqalgan usul hisoblanadi va o‘chogdan ma’lum miqdorda issiqlik berilib, katalizator bilan to‘ldirilgan quvurli
reaktorda olib boriladi. Jarayonning bosimi - taxminan 1,0 MPa, harorat- 750 - 850°C. Nikel katalizatorning asosi hisoblanadi (GIAP-18 (12 % Ni)
va GIAP-3-6N (6 % Ni) markali mahalliy katalizatorlarda).

Parsial oksidlanish (PO) suv bug‘i mavjud bo‘lmaganida yoki juda kam miqdorda bo‘lganida kisloroddan foydalangan holda metanni
to‘ligsiz oksidlanishiga asoslangan:

CH; + 0,50, <> CO +2H,

Avtomatik riforming MBK va PO usullarini bir reaktordagi kombinatsiyasi hisoblanadi. Metan kichik miqdordagi suv bug‘i bilan
aralashadi va kislorod bilan gisman yoqiladi va keyin bug‘li konversiyalanadi. Yonish issiqligi MBK ning endotermik reaksiyasini olib borish
uchun foydalaniladi, shunday ekan jarayon tashqi issiglik berilishini talab etmaydi.

Fisher-Tropsh sintezi. Singazning temir va kobalt katalizatorlarida yuqori uglevodorodlarga aylanish jarayoni F.Fisher va X.Tropshlar
tomonidan Myulxaymdagi (Germaniya) Kayzer Vilgelm nomidagi ko‘mirni o‘rganish institutining yoqilg‘i tadqiqot laboratoriyasida kashf etilgan
[5,6] va Fisher-Tropsh sintezi nomi berilgan. Reaksiya ogim reaktorlarida 180-360°C haroratda va 45 atmgacha bo‘lgan bosimda amalga oshiriladi
[5,6]. Mahsulotlar asosan chiziqli, keng fraksion tarkibga ega, C1 dan C100 gacha ba’zan undan yuqori a-olefinlar va parafinlardir.

nCO + (2n +1) H, — CyHans2 + NH,0
nCO + 2nH, — CyHz + nH0

Tadgigot metodologiyasi. Yuqorida aytilganidek GTL texnologiyasi bo‘yicha dunyoda har yili bir necha yuzlab maqolalar chop etiladi,
bir nechta ilmiy-amaliy anjumanlar tashkil etiladi. Ushbu maqola GTL texnologiyasining barcha girralarini gamrab olmaydi. Biz bu erda fagat
ushbu sohadagi jarayonlarning kimyoviy asosini, sanoatning holatini tavsiflaymiz.

Tahlil va natijalar. Fisher-Tropsh sintezi CO ning gidropolimerizatsiyasi sifatida ko‘rib chiqilib, keng doiradagi uglevodorodlar hosil
bo‘ladi [5]. Katalizator yuzasida ikki turdagi reaktsiyalar sodir bo‘ladi: katalizatorda hosil bo‘lgan oraliq mahsulotga monomer birikishi bilan zanjir
davom etishi va mahsulot hosil gilish bilan zanjirning uzilishi.

Temir katalizatorlari ishtirokida ma’lum miqdorda oksigenatlar ham: spirtlar, aldegidlar, ketonlar va karbon kislotalar hosil bo‘ladi. Yuqori
haroratlarda seolitli katalizatorlar mavjudligida aromatik birikmalar hosil bo‘ladi. Qo‘shimcha reaksiyalar - CO ni metanga to‘g‘ridan-to‘g‘ri
gidrirlanishi, CO disproporsionallashishi (Bell-Buduar reaksiyasi) va ko‘mir katalizatorlarda jadal kechuvchi suv gazi reaksiyasi sodir bo‘ladi:

CO + 3H2 R CH4 + Hzo

2CO « C +CO,

CO + H0 < COz + H;

Fisher-Tropish jarayoning reaksiya mexanizmida uglerod oksidining gidrogenlanishi murakkab, parallel va ketma-ket reaktsiyalar
majmuasidir. Birinchi bosgich - uglerod oksidi va vodorodning katalizatorda bir vaqtning o‘zida xemisorbsiyasi. Bunday holda, uglerod oksidi
uglerod atomi bilan metall bilan birlashadi, buning natijasida C-O bog‘i zaiflashadi hamda CO va vodorodning o‘zaro ta'siri birlamchi kompleks
hosil bo‘lishi bilan osonlashadi. Uglevodorod zanjirining o‘sishi ("zanjirning boshlanishi") shu kompleksdan boshlanadi.

Bir uglerod atomiga ega bo‘lgan sirt birikmasining keyingi bosqichma-bosqich qo‘shilishi natijasida uglerod zanjiri uzayadi (“zanjir
o‘sishi"). Zanjiring o‘sishi desorbsiya, gidrogenatsiya yoki o‘sayotgan zanjirning sintez mahsulotlari bilan o‘zaro ta'siri (“zanjirni tugatish")
natijasida tugaydi.
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Fisher-Tropsh sintezi kinetik nazorat etiladigan va kuchli ekzotermik jarayon hisoblanadi. Reaksiya katalizator VIII guruh metallari
hisoblanadi. Ru, Fe, Co, Ni lar katta katalitik faollik ko‘rsatadi. Sanoatda fagatgina temirli va kobaltli katalitik sistemalardan foydalaniladi.

GTL mahsulotlari. Umuman olganda, Fisher-Tropsh sintezi asosan chizigli uglevodorodlarning keng gismi olinadi. To‘yinmagan
uglevodorodlardan asosan a-olefinlar hosil bo‘ladi, aromatik uglevodorodlar esa kam miqdorda hosil bo‘ladi. Biroq, fraksion tarkib juda keng
diapazonda o‘zgarishi mumkin. Bu yerda asosiy nazorat qiluvchi parametr sintezning haroratidir. Past haroratli jarayonda parafin mumi ulushi 50%
va undan ko‘p bo‘lishi mumkin, yuqori haroratli sintez esa asosan benzinli uglevodorodlarni, shu jumladan 70% olefinlarni olish imkonini beradi.
An’anaga ko‘ra, sintetik uglevodorod zavodlari asosan yoqilg‘i ishlab chigarishga garatilgan edi [5,6].

1-Jadval.
Har xil turdagi Fisher-tropsh sintezi reaktorlaridagi mahsulotlar tarkibi
Mahsulot Reaktorning turi
Qaynovchi Qavat Quuvurli Ko‘pikli

CHs 7.0 2.0 33

C:Ha 4.0 02 19

C:He 3.0 0.6 12

CHe 10.7 0.9 3.2

CsHs 17 0.9 0.8

CaHs 9.4 1.0 24

CaHuo 11 14 19

Cs+Cs 16.5 4.8 6.1

C;- 160°C 20.0 6.2 76

160-350°C 155 18.3 17.0




0¢zMU xabarlari Becrnuxk HYY3 ACTA NUUz | KIMYO | 3/2/1 2024

[ >350°C [ 6.0 [ 623 [ 49.5 |
|__O-saglovchi [ 51 [ 14 [ 44
Shuni alohida ta’kidlash kerakki, sintez mahsulotlari oltingugurtli birikmalarga ega emas va gidrotozalash va gidrooltingugurtsizlantirish

jarayonlarini o'tkazishni talab etmaydi.

1 Bosgich 11 Bosgich

Tozalangan va
sigilgan singaz

Gaz  Parafin Moy Ishqor

1-Rasm. Temir katalizatorida o'rtacha bosimda FT sintezi sxemasi: 1-issiglik almashtirgich; 2, 4 - reaktorlar; 3, 5 - kondensatorlar; 6- gazni
faollashtirilgan uglerod bilan tozalash uchun qurilma.

Xulosa. Shunday qilib, GTL texnologiyalari tabiiy gazni motor yoqilg'isi va asosiy organik sintez mahsulotlariga aylantirish imkonini beradi, shu
bilan neft bozoriga garamlikni kamaytiradi. Bu yondashuv energiya va kimyo sanoatida xom ashyo manbalarini diversifikatsiya gilish imkoniyatini
yaratadi va sayyoramizning uglerodga boy resurslaridan samarali foydalanishga xizmat giladi.

o
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2-XLORO-N-TOLILATSETAMID IZOMERLARINING BIOLOGIK FAOLLIKLARINI PASS ONLINE DASTURIDA O‘RGANISH
Annotatsiya

Toluidin izomerlarini xloratsetilxlorid bilan N-xloratsetillash reaksiyasi natijasida sintez gilingan 2-xloro-N-o-tolilasetamid, 2-xloro-N-m-
tolilasetamid va 2-xloro-N-p-tolilasetamidlarining biologik faolliklari PASS online dasturida o’rganilgan. 2-Xloro-N-tolilasetamid izomerlarining
organizmga bo'lgan nojo'ya va zaharlilik ta'sirlari, Pa va Pi giymatlari aniglangan. Bundan tashqgari 2-xloro-N-tolilasetamid izomerlarining yurak-
gon tomir va gepatobiliar tizimlarga ta'siri, saraton hujayralariga nisbatan moddaning sitozaharlilikligi natijalari olingan, viruslarga va
zamburug’larga qarshi faolliklari o’rganilgan, olingan natijalar tagqoslangan. Natijalardan ma’lum bo’ldiki 2-xloro-N-o-tolilasetamid va 2-xloro-
N-p-tolilasetamidlarining yuqoridagi kasalliklarga biologik faolligi bir-biriga yaqin va ba’zi kasalliklarga fagat bitta izomerda faollik berganligi
kuzatilgan.

Kalit so‘zlar: 2-Xloro-N-o-tolilasetamid, 2-xloro-N-m-tolilasetamid va 2-xloro-N-p-tolilasetamid, zaharliliklik, saraton hujayralari, viruslarga
faollik, sitozaharlilik ta’sir.

H3YYEHUE BUOJOIMYECKON AKTUBHOCTH U30MEPOB 2-XJIOP-N-TOJIHUJIALIETAMMJIA B IPOTPAMME PASS
ONLINE
AHHOTaIUA
B pesynbTate n3ydeHus MpoaAyKTOB PeaKMK XJIOPAlCTHINPOBAHIEB H30MEPHBIX TOIYHIMHOB MOJy4YeHbI 2-XJI0p-N-0-ToNuaneramuia, 2-Xiop-
N-Mm-Tonunaneramuaa u 2-xinop-N-m-ToMnaneramuia U U3ydeHa MX OMOJOrMYecKask akTWBHOCTB o mporpamme PASS online. BeisiBieno
OTPHULIATETHOE U TOKCHYECKOE JeiicTBHEe M30MepoB XJjop-N-Toimnaneramuia Ha Opranu3M, 3HadeHus Pa u Pi. JlomonHHUTENbHO CpaBHUBAIN
BIIMSIHHE W30MepOB XJop-N-TonmmaneramMuia Ha CEpIEYHO-COCYMVCTYIO M TeNaTOOMIMApHYIO0 CHCTEMBI, Pe3yJbTaThl ITHTOCEXapTHIHOCTU
BEII[ECTBA MO OTHOLICHUIO K PAKOBBIM KJIETKaM, H3y4eHO aKTHBHOCTH B OTHOIICHHH BUPYCOB M TpubOB. Pe3ynpratel mokasamu, 4to xmop-N-o-
TonumaneTaMuapl # Xinop-N-m-TommianetaMuIbl 00amaloT OHOMOTHYECKO aKTHBHOCTBIO, ONM3KOH K YKa3aHHBIM BBIIIE 3a00NICBAHUSIM, H
00JIaIat0T JINIIB OTHAM M30MEpPOM aKTHBHOCTH IIPH HEKOTOPBIX 3a00IeBaHUSX.
KaroueBsble ciaoBa: 2-xiop-N-o-tonunaneramun, 2-xiaop-N-m-tomunaneramua u 2-xja0p-N-T-TofmnaneraMusi, TOKCHYHOCTb, aKTUBHOCTH B
OTHOLICHUH PAKOBBIX KJIETOK, BUPYCOB, IIMTOTOKCHYECKOE [ICHCTBHE.

STUDY OF BIOLOGICAL ACTIVITIES OF 2-CHLORO-N-TOLYLACETAMIDE ISOMERS IN THE PASS ONLINE PROGRAM
Annotation

Biological activity of chloro-N-tolilasetamide, 2-chloro-N-o-tolilasetamide, 2-chloro-N-m-tolilasetamide, and 2-chloro-N-p-tolilasetamides were
synthesized as a result N-chlorocetilchloride reaction was studied in the PASS online program. The negative and toxicity effects of chloro-N-
tolilasetamide isomers on the body, the values of Pa and Pi, have been identified. Additionally, the effects of chloro-N-tolilasetamide isomers on
cardiovascular and hepatobiliar systems, the results of the cytoseharcity of the substance in relation to cancer cells, the study of activity against
viruses and fungi, and the results were compared. Results were revealed that chloro-N-o-tolilasetamide and chloro-N-p-tolilasetamides are close
biological activity to the above diseases and had only one isomeres of activity for some diseases.

Key words: 2-chloro-N-o-tolilasetamide, 2-chloro-N-m-tolilasetamide and 2-chloro-N-p-tolilasetamide, toxicity, activity in cancer cells, viruses,
cytotoxic effects.

Kirish. Organik kimyoda tadgiqotlar olib borishda “Maqsadli sintez” tushunchasi zamonaviy tadqiqot laboratoriyalarida yanada chuqurroq
kirib kelmoqda buning sababi yangi modda sintez qilishning 0’zi tadqiqot natijalari uchun yetarli hisoblanmaydi. Shunday ekan sintez gilingan
yangi birikmaning fizik-kimyoviy xossalari bilan bir gatorda biologik faolligini o’rganish muhim hisoblanadi. Bugungi kunda yangi modda sintez
qilish bilan bir gatorda sintez gilingan moddaning tuzilish formulasi asosida PASS online dasturida biologik faolligini o’rganish davr talabi bo’lib,
PASS online biologik faollikning 4000 dan ortiq turlarini, shu jumladan farmakologiyasini, ta’sir qilish mexanizmlarini, zaharliligini, metabolik
fermentlar va tashuvchilar bilan o’zaro ta’sirini, gen ekspressiyasiga ta’sirini va boshqalarni nazariy tahlil qiladi. Nazariy tadqiqotlarning tahlillariga
asoslangan holda sintez olib borish vaqtning hamda ortigcha reaktivlar sarfini oldini oladi.

Adabiyotlar tahlili PASS (Prediction of Activity Spectra for Substances)- bu organik moddalarning o’xshash guruhlarning umumiy
biologik faolliklarini baholash vositasi sifatida ishlab chigilgan dasturiy mahsulot. PASS, GUSAR, PharmaExpert dasturlari organik birikmalar
tuzilishi asosida biologik faollikning ko’p turlarini bir vaqtda nazariy tahlil qilishni ta’minlaydi. Shunday qilib, PASS online molekulalarning
kimyoviy sintezi va biologik sinovdan oldin biologik faollik profillarini baholash uchun ishlatilishi mumkin. Pa (faol bo’lish ehtimoli)
o’rganilayotgan birikmaning faol bo’lmagan birikmalar kichik sinfiga tegishli bo’lish ehtimolini baholaydi PASS ta’limida "faol bo’lmaganlar"
kichik to’plamida eng tipik bo’lgan molekula tuzilmalariga o0’xshaydi. Pa (faol bo’lish ehtimoli)va Pi (nofaol birikma ehtimoli) sifatida ifodalanadi.
Agar PASS prognozi natijalariga ko’ra Pa > 0,71 bo'lsa, faollikni tajriba asosiba topish imkoniyati yuqori bo'ladi. 0,5 <Pa <0,7 o'rtacha terapevtik
potentsialni ko'rsatadi. Pa <0,5 bo’lsa past farmatsevtik faolligini ko’rsatadi va faollikni tajriba asosiba topish imkoniyati kamroq bo'ladi [1-3].
GUSAR- miqdoriy tuzilma-faoliyat munosabatlari modellarini yaratish vositasidir. Dasturning Kiritilishi kimyoviy tuzilmalar va biologik faolliklar
bo‘yicha miqdoriy ma'lumotlarning ichki o‘quv to‘plamidir. GUSARning yadrosi o‘z-o°‘zidan izchil regressiyaning noyob algoritmidan iborat
bo‘lib PASS nazariy tahlillari asosida hisoblangan biologik asoslangan deskriptorlarni va atomlarning miqdoriy qo‘shnilari tavsiflovchilarini
tanlash imkonini beradi. Dastur ommaviy nazariy tahlil gilish uchun SD fayllarni yuklash imkonini beradi. Pharma Expert biologik faolliklar, dori-
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darmonlarning o‘zaro ta'siri va kimyoviy birikmalarning ko‘p magsadli yo‘nalishi o‘rtasidagi munosabatlarni tahlil qiladi. Pharma Expert oldindan
belgilangan ya'ni tekshirilgan biologik faollik profiliga ega, shu jumladan kerakli farmakoterapevtik ta'sir va biokimyoviy mexanizmlarni, lekin
kiruvchi salbiy va zaharlilik ta'sirlarni istisno giladigan birikmalarni tanlash uchun vositani tagdim etadi. Pharma Expert ga kirish ma'lumoti sifatida
PASS nazariy tahlillaridan foydalanadi va kimyoviy birikmalar majmuasini tahlil qilish bo‘yicha elektron hisobotlarni yaratishni ta'minlaydi [4].
Yangi dori vositalarini yaratish jarayoni katta vagt va resurslarni talab qiladi. Nazariy tadgiqotlar ushbu omillarni kamaytirishda muhim rol
o‘ynaydi, chunki ular potensial dori vositalarini qo‘llash belgilarini ko‘rsatadi. Bir qancha mualliflarning ta’kidlashicha, preparat sifatida sinovdan
o‘tish uchun aralashmaning yuqori biologik faolligi va past zaharlilikligi etarli emas. Bundan tashqari, terapevtik magsadda birikmaning kirishi va
konsentratsiyasini va uni keyinchalik organizm tomonidan yo‘q qilinishini aniglaydigan ADME farmakokinetik parametrlariga (so‘rilish,
tagsimlanish, metabolizm va ekskresiya) javob berish kerak. Aks holda noqulay farmakokinetik xususiyatga ega bo‘lgan ko‘plab dori-darmonlarga
nomzodlarni rad etilishi mumkin [5,6].

Jahonda aromatik uglevodorodlar va ularning hosilalarini xlorasetillash reaksiyalarining mahsulotlari tibbiyotda dorivor moddalar sifatida,
sanoatda polimerlar uchun stabilizatorlar va plastifikatorlar sifatida, qgishlog xo‘jaligida pestisidlar, stimulyatorlar sifatida keng ishlatiladi. N-
Fenilasetamid bilan bog'langan bir gator yangi 1,2,3-triazol fragmenti tutgan kumarin konjugatlari klik kimyosi yondashuvi orgali yaxshi unum
bilan samarali sintez gilingan. Sintezlangan hosilalar in-vitro sharoitda zamburug’larga garshi va antioksidant faolligini tekshirilgan.
Zamburug’larga garshi faollik Candida albicans, Fusarium oxysporum, Aspergillus flavus, Aspergillus niger va Cryptococcus neoformans kabi
zamburug® shtammlariga qarshi o'tkazilgan. 7b-2-(4-{[(4-Methyl-2-oxo0-2H-chromen-7-yl) oxy]methyl} -1H-1,2,3-triazol-1-yl)-N-(o-tolyl)
asetamide, 7dN-(2-Chlorophenyl)-2-(4-{[(4-methyl-2-ox0-2H-chromen-7-yl) oxy]-methyl}-1H-1,2,3-triazol-1-yl) acetamide, 8b-2-(4-{[(2-Oxo-
2H-chromen-4-yl) oxy]methyl}-1H-1,2,3-triazol-1-yl)-N-(o-tolyl) asetamide va 8e N-(2-Chlorophenyl) -2-(4-{[(2-0x0-2H-chromen-4-
yl)oxylmethyl}-1H-1,2,3-triazol-1-yl) acetamid birikmalari standart doriga garaganda yuqori ta'sir ko’rsatgan, minimal inhibitiv konsentratsiya
giymatlari pastrog. Shuningdek, gidroksitoluol, 7a-2-(4-{[(4-Methyl-2-ox0-2H-chromen-7-yl) oxy] methyl} -1H-1,2,3-triazol-1-yl) -N-phenyl
acetamid birikmasi standart butillangan antioksidant bilan solishtirganda potentsial radikallarni tozalash faolligini ko’rsatgan.

Bundan tashqari, yangi sintez gilingan birikmalarning molekulyar doking tadgiqoti o’tkazilgan va natijalar zamburug® P450 sitoxrom
lanosterol 14a-demetilaz fermentining faol joyida yaxshi bog'lanish rejimini ko’rsatgan. Sintez gilingan birikmalar ADME xossalari uchun ham
sinovdan o’tkazilgan va ular og'iz orgali gabul gilinadigan dorilar uchun yaxshi nomzod sifatida potensialni ko’rsatgan[7].

Tadgigot metodologiyasi: Shu ma’lumotlarga asoslangan holda toluidin izomerlarini xloratsetilxlorid bilan N- xlorasetillash asosida
olingan 2-xloro-N-tolilasetamid izomerlarini PASS onlayn [https://www.way2drug.com/PassOnline/ index.php] dasturida o’rganilgan. Dastur
yordamida 2-Xloro-N-tolil asetamid izomerlari biologik faolligi Pa (faol bo’lish ehtimoli) o’rganilayotgan birikmaning faol bo’lmagan birikmalar
kichik sinfiga tegishli bo’lish ehtimolini baholaydi, Pi PASS ta’limida "faol bo’Imaganlar" kichik to’plamida eng tipik bo’lgan molekula tuzilmalari
o’rganilgan. Pa (faol bo’lish ehtimoli)va Pi (nofaol birikma ehtimoli) giymatlari olindi va 2-xloro-N-tolilasetamid izomerlari aromatic halgasidagi
elektronodonor (CHj;) o’rinbosarning ta’siri solishtirilgan. 1zomerlarning o’ziga xos faolligi o’rganilgan.

Natijalar tahlili. Dastur yordamida 2-xloro-N-tolil asetamid izomerlari asosan Glutamyl endopeptidas Il inhibitor, Polyporopepsin
inhibitor, 2-Hydroxymuconate-semialdehyd hydrolas inhibitor, Omptin inhibitor, Venombin AB inhibitor, Endopeptidas So inhibitor, Ubiquinol-
cytochromec reductas inhibitor, Pseudolysin inhibitorlari kabi ba’zi kasalliklarga qarshi biologik faollik ko’rsatgichlari olindi. Olingan natijalarning
Pa giymati 2-xloro-N-tolil asetamid izomerlarida yaqin qiymatni ko’rsatgan. Arginin 2-monooxygenas inhibitorida esa nishatan 2-xloro-N-o-tolil
asetamid va 2-xloro-N-p-tolil asetamidlarning faolligi yuqori bo’lib, 2-xloro-N-m-tolil asetamid uchun esa biroz pas faollikka ega ekanini
ko’rishimiz mumkin. Bundan tashqari N-benzyloxy carbonyl glycine hydrolas inhibitor va Arylsulfate sulfotransferas inhibitor 2-xloro-N-o-tolil
asetamid va 2-xloro-N-m-tolil asetamidlar faolligi juda past ekanligini, 2-xloro-N-p-tolil asetamid uchun esa faollikka ega ekanini ko’rishish
mumkin.
2-Xloro-N-tolil asetamid izomerlari:

o}
(0]
o} cl
cl ol NHK/
NH NH
CH,
CHs CHs

2-Xloro-N-o-tolilasetamid  2-Xloro-N-m-tolilasetamid  2-Xloro-N-p-tolilasetamid
1-Jadval.
2-Xloro-N-tolil asetamid izomerlarining ayrim kasalliklarga
qgarshi faolligi PASS (online) dasturida tekshirish natijalari

Ne Biologik faollik O’rganil birikmalar nomi
2-Xloro-N-o-tolil asetamid 2-Xloro-N-m-tolil asetamid 2-Xloro-N-p-tolil
asetamid
Pa Pi Pa Pi Pa Pi
1 Glutamyl endopeptidase I inhibitor 0,838 0,006 0,853 0,005 0,871 0,004
2 Polyporopepsin inhibitor 0,831 0,015 0,846 0,012 0,871 0,009
2-Hydroxymuconate-semialdehyde
3 hydrolase inhibitor 0,802 0,006 0,822 0,005 0,842 0,005
4 Pseudolysin inhibitor 0,772 0,009 0,747 0,012 0,785 0,008
5 Omptin inhibitor 0,771 0,011 0,787 0,009 0,802 0,007
6 Venombin AB inhibitor 0,747 0,011 0,768 0,009 0,787 0,007
7 Endopeptidase So inhibitor 0,713 0,005 0,730 0,005 0,754 0,004
8 Ubiquinol-cytochrome-c reductase | 73 0,057 0,795 0,035 0789 | 0037
inhibitor
9 Tpr proteinase (Porphyromonas gingivalis) | 4 53 0,009 0,667 0,007 073 | 0005
inhibitor
10 miﬂ;{"’xyﬁrmny'g'yc'"e hydrolase | 4 613 0,013 0,660 0,012 0,724 0,009
11 Arylsulfate sulfotransferase inhibitor 0,606 0,013 - - 0,720 0,013
12 Arginine 2-monooxygenase inhibitor 0,711 0,018 0,674 0,022 0,711 0,018

Jadvaldagi natijalardan ko’rishimiz mumkinki yugoridan 8 ta kasallikning faolligi 2-xloro-N-tolil asetamid izomerlarining 2-xloro-N-o-
tolil asetamid izomeridan 2-xloro-N-p-tolil asetamid izomeriga o’tgan sari Pa giymatining ortib borishi kuzatildi, bundan ko’rishimiz mumkinki
kasalliklarga faollik ortishini. Tpr proteinase (Porphyromonas gingivalis) inhibitor, N-benzyloxycarbonylglycine hydrolase inhibitor, Arylsulfate
sulfotransferase inhibitor kasalliklari esa fagat 2-xloro-N-p-tolil asetamid izomeriga boshqa izomerlarga nisbatan faollik berganini ya’ni, Pa<0,7
ekanligini ko’rishimiz mumkin. Bundan tashqari Arginine 2-monooxygenase inhibitor esa 2-xloro-N-o-tolil asetamid va 2-xloro-N-p-tolil asetamid
izomeriga Pa>0,7 giymati bir xil, 2-xloro-N-m-tolil asetamid izomerida faolligi past ekanligini ko’rishimiz mumkin.
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2-Xloro-N-tolil asetamid izomerlarining ayrim kasalliklarga garshi faolligi PASS (online) daturida tekshirish natijalari bilan bir gatorda
kimyoviy birikmaning organizmga salbiy ta'sirlari hagidagi taxminlarni ham olish mumkin. Nazariy tahlil ba'zan bir nechta yoki hatto bitta bemorda
kuzatiladigan klinik ko'rinishlarga asoslanadi. 2-Xloro-N-tolil asetamid izomerlarining PASS onlayn dasturida o’rganilgan salbiy ta'sirlarining
olingan natijalari 2-jadvalda keltirildi.

2-Jadval.
2-Xloro-N-tolil asetamid izomerlarining PASS onlayn dasturida o’rganilgan salbiy va zaharlilik ta'sirlarining olingan natijalari:

Ne Biologik faollik Molekulalar

2-Xloro-N-o-tolil asetamid 2-Xloro-N-m-tolil asetamid 2-Xloro-N-p-tolil asetamid

Pa Pi Pa Pi Pa Pi
1 Demiyelinatsiya 0,867 0,005 0,876 0,004 0,892 0,004
2 Oshqozon yarasi, aft 0,763 0,027 0,781 0,022 0,819 0,014
3 Ozish 0,791 0,013 0,771 0,015 0,806 0,012
4 Neytrofil  dermatoz 0,730 0,042 0,756 0,035 0,791 0,025

(Sweet sindromi)

5 Fibroz, interstitsial 0,711 0,013 0,735 0,010 0,782 0,006
6 Tirishish 0,811 0,035 0,722 0,086 0,749 0,071
7 Titrog 0,720 0,070 0,668 0,088 0,710 0,074
8 Eyforiya 0,732 0,029 0,659 0,004 0,621 0,048
9 Methemoglobinemiya | 0,702 0,004 0,632 0,013 0,796 0,005
10 Anemiya 0,701 0,027 0,621 0,040 - -

PASS onlayn dasturi orgali 2-xloro-N-tolil asetamid izomerlarining kasalliklarga garshi biologik faolliklari va mumkin bo'lgan salbiy
ta'sirlarni, yurak-gon tomir va gepatobiliar tizimlarga salbiy dori ta'siri, saraton hujayralaridagi kimyoviy birikmalarning sitozaharlilik ta'siri va
antifungal faollikni nazariy tahlil, virusga garshi faollikni nazariy tahlil gilish insonning ko'krak bezi saratoni hujayralariga nisbatan moddaning
sitozaharlilikligi natijalari olish mumkin. PASS onlayn dasturining shu gismiga tayanib antifungal faollik nazariy tahlili va virusga garshi faollikni
nazariy tahlil olindi, natijalar jadval ko’rinishida berildi va taggqoslandi. AntiFun foydalanuvchiga kimyoviy birikma konsentratsiyasi 5000 nM dan
past bo'lgan 38 zamburug'ning bir yoki bir nechtasining o'sishiga to'sqinlik gilishi mumkinligini taxmin gilish imkonini beradi. Har bir birikma
uchun ball uning faolligiga ishonch sifatida ifodalanadi, bu kimyoviy birikmaning ma'lum bakteriyalarning o'sishini inhibe gilish va inhibe gilmaslik
ehtimoli o'rtasidagi fargdir. Ishonch ganchalik yugori bo'lsa, ijobiy nazariy tahlilning hagigat bo'lish ehtimoli shunchalik yugori bo'ladi. Muayyan
birikma uchun fagat Pa > Pi (ishonch > 0) bo'lgan harakatlar mumkin deb hisoblanadi. Agar Pa giymati 0,5 dan kam bo'lsa, lekin Pa > Pi bo'lsa,
treninglar to'plamidagi “faollarning" yarmidan ko'pi uchun B giymatlari ushbu birikmaga garaganda yuqori bo'ladi. Agar biz ushbu birikma faol
degan taklifni rad gilsak, ehtimollik 0,5 dan kam bo'lgan noto'g'ri garor gabul gilamiz. Bunday holda, eksperimentda ushbu turdagi faoliyatni
tasdiglash ehtimoli kichik, ammo 50% dan ko'prog imkoniyat tasdiglanadi, bu strukturaning yugori yangilikka ega bo'lishi va yangi kimyoviy
ob'ektga aylanishi mumkin [4].

3-Jadval
2-Xloro-N-tolil asetamid izomerlarining PASS onlayn dasturida o’rganilgan antifungal faollikni nazariy tahlili natijalari

2-Xloro- 2-Xloro-N-m- 2-Xloro-N-p-
Ne Nomi N-o-tolil tolil asetamid tolil asetamid CHEMBL ID

asetamid
1 Filobasidiella neoformans 0.4884 0,4813 0,5544 CHEMBL365
2 Mikrosporum gipsi 0.4676 0,4481 0,5260 CHEMBL612945
3 Candida tropicalis 0.3429 0,3062 0,3435 CHEMBL612870
4 Galaktomyces geotrichum 0.0951 0.1069 0,1250 CHEMBL613775
5 Epidermophyton floccosum 0.0296 - 0,0272 CHEMBL612386

Jadvaldan korinadiki 2-xloro-N-tolil asetamid izomerlarining ayrim Filobasidiella neoformans, Mikrosporum gipsi, Candida tropicalis,
Galaktomyces geotrichum zamburug'lariga garshi faollikni nazariy tahlili olindi, va bu zamburug'lariga 2-xloro-N-o-tolil asetamidga nisbatan 2-
xloro-N-p-tolil asetamidning faolligi biroz yuqgori ekanligi, 2-xloro-N-m-tolil asetamidni faolligi pastrog ekanligi ma’lum bo’ldi. Epidermophyton
floccosum zamburug'iga 2-xloro-N-m-tolil asetamidni faolligi aniglanmadi.

Keyingi ishlar virusga garshi faollikni nazariy tahlili o’rganilgan. Bu ham PASS onlayn dasturining AntiVir-Pred foydalanuvchiga
kimyoviy birikma konsentratsiyasi 10 000 nM dan past yoki unga teng bo'lgan 56 virusning 66 ogsilining faolligini inhibe gilishi mumkinligini
taxmin qilish imkonini beradi. Har bir faoliyat balli ma'lum bir proteinni inhibe gilish va inhibe gilmaslik ehtimoli o'rtasidagi fargni ifodalovchi
ishonch giymati sifatida ifodalanadi. Ishonch ganchalik yugori bo'lsa, nazariy tahlilning hagigat bo'lish ehtimoli shunchalik yuqori bo'ladi. Muayyan
birikma uchun fagat Pa > Pi (ishonch > 0) bo'lgan harakatlar mumkin deb hisoblanadi. Shuni esda tutish kerakki, Pa ehtimolligi prognoz
gilinayotgan molekulaning o'quv majmuasidagi “faollar" kichik to'plamida eng tipik bo'lgan molekulalarning tuzilmalari bilan o'xshashligini aks
ettiradi. Shuning uchun, odatda, Pa qiymatlari va faoliyatning migdoriy xususiyatlari o'rtasida to'g'ridan-to'g'ri bog'liglik yo'q.

4-Jadval
2-Xloro-N-tolil asetamid izomerlarining PASS onlayn dasturida o’rganilgan viruslarga faollikni nazariy tahlili natijalari:
2-Xloro- 2-Xloro- 2-Xloro-
o . . . . N-o-tolil N-m-tolil N-p-tolil
Ne Virus nomi Protain magsadi asetamid asetamid asetamid
Ishonch
1 Dang virusi 2-turi Genom poliproteini 0,3588 0,5162 0,4876
2-toifa dang virusi L
2 (Tailand shtammi/16681/1984) Dang virust furi 2 NS3 0,0743 01142 0.1096
(DENV-2) q
Herpes simplex virusi Inson herpes virusi 1 DNK
3 (1-toifa / shtamm 17) polimerazasi 0,1408 0.1106 0.1674
Odamning gerpes virusi 6A Inson herpes virusi 6 DNK
4 polimerazasi 0,0085 } 0.0098
Odamning immunitet tanqisligi virusi 1-guruh M
5 kichik turi B (isolateBRU/LAI) Gag-Pol poliproteini 0,0580 0,0576 0,0679
(01V-1)
6 Inson rinovirusi 14 Genom poliproteini 0,0452 0,0365 0,0011
7 Yuqumli bronxit virusi 3C-ga o'xshash proteaz 0,3173 0,3165 0,3375
8 Macacine herpesvirus 1 Timidin kinaz 0,0421 0,0533 0,0452
9 Yagin Sharq respirator sindromi bilan bog'liq Replikatsiya poliprotein 1ab 0,0302 0,0006 0,0386
oronavirus
L SARS koronavirus 3C-ga
10 SARS koronavirusi o'xshash proteinaz 0,0507 0,0872 0,0819
11 Koronavirusning og'ir o'tkir respirator sindromi 2 Replikatsiya poliprotein 1ab 0,3384 0,3578 0,3914
Vaccinia virusi (G'arbiy rezerv shtammi) (VACV) .
12 (Vaccinia virusi (shtammi WRY)) DNK polimeraza 0,2442 0,3038 0,3288
Varikella-zoster virusi .
13 (Duma shtammi) DNK polimeraza 0,1408 0.1106 0,1674

- 340 -


http://www.ebi.ac.uk/chembl/target/inspect/CHEMBL365
http://www.ebi.ac.uk/chembl/target/inspect/CHEMBL612945
http://www.ebi.ac.uk/chembl/target/inspect/CHEMBL612870
http://www.ebi.ac.uk/chembl/target/inspect/CHEMBL613775
https://www.way2drug.com/antivir/activities29.html

0¢zMU xabarlari Becrnuxk HYY3 ACTA NUUz | KIMYO | 3/2/1 2024

(HHV-3)
(Inson gerpes virusi 3)
14 Inson papillomavirusining 11-turi Replikatsiya ogsili E1 0,0057 0,0095

Xulosa. Jadvallarda keltirilgan natijalardan asosan 2-xloro-N-tolil asetamid izomerlarini blOlOglk faolliklari PASS onlin natijalariga ko’ra
bir-biriga nisbatan taqqoslanganda juda yaqin natijalarni ko’rsatgan va 2-xloro-N-tolil asetamid izomerlari molekulasining benzol xalqasidagi
elektronodonor metil (-CH3) guruhi o’rinbosarining halgada joylashgan holatiga qarab molekulaning biologik faolligiga ta’sir ko’rsatishi. Metil
guruhi xalqaning para holatida bo’lsa biologik faolliklari biroz yuqori bo’ladi. Bundan tashqari har bir izomerni o’ziga xos faolliklari borligi
o’rganilgan. PASS onlayn dasturida olingan natijalar moddalarning amaliyotda biologik faolliklarini o’rganishda asos bo’lib xizmat giladi.
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RESEARCHING THE PROCESS OF COPOLYMERIZATION OF MALEIC ANHYDRIDE WITH METHYL ACRYLATE BY THE
BLOCK METHODS
Annotation

This article is devoted to the synthesis of linear copolymers of methyl acrylate and maleic anhydride monomers by the block method using the
radical polymerization method. The composition of copolymers was determined and the relative activity of monomers was calculated based on the
Fineman-Ross method. In the formation of copolymers synthesized in accordance with the results obtained, it turns out that the methyl acrylate
monomer is relatively more active.

Key words: Radical copolymerization, methylacrylate, acrylic acid, benzoyl peroxide, titrimetric method, copolymerization constants.

HUCCJIEJOBAHUE MPOIIECCA COIIOJIMMEPU3AIIMU MAJIEUHOBOI'O AHTUJPUJIA C METUJIAKPUJIATOM
BJIOYHBIM METOJIOM
AHHOTaIUA

JlaHHasi CTaThsl IOCBAIICHA CHHTE3y JMHEHHBIX COMOIMMEPOB MOHOMEPOB METHJIAKPHIIATAa M MaJCMHOBOrO aHIMAPHIA OJOYHBIM METOAOM C
HCIIONB30BaHHEM METOJa PaJuKaIbHOHW IOoIMMepu3alyy. beUI OIpeneNeH COCTaB CONMONMMEPOB M PACCUHTAHBI OTHOCHUTENBHOH aKTHBHOCTU
MOHOMEpOB Ha ocHoBe Merona PaiiHmana-Pocca. IIpu o0pa3oBaHMM COHOJMMEPOB, CHHTE3MPOBAHHBIX B COOTBETCTBHM C IIOJYYEHHBIMH
pe3yJIbTaTaMu, OKa3bIBACTCs, YTO MOHOMEp METHIIAKPUIIATA SBIISIETCS. OTHOCHTENIBHO 00JIee aKTHBHBIM.

KaioueBnle cioBa: PagukanbHas conoimMepHu3anus, MeTHIAKPIIAT, MaJICHHOBBIH aHTHPHI, IEPEKUCh OEH30MIa, THTPHMETPHIECKHI METO,
KOHCTAHTbI COIOJIMMEPH3aLHH.

BLOK USULDA METILAKRILAT BILAN MALEIN ANGIDRIDINING SOPOLIMERLANISH JARAYONINI O‘RGANISH
Annotatsiya
Ushbu magqolada radikal polimerlanish metodini qo‘llash bilan blok usulda metilakrilat va malein angidridi monomerlarining chizigli
sopolimerlarini sintez qilishga e’tibor garatilgan. Sopolimerlarning tarkibi aniglangan va monomerlarning nisbiy faollik giymatlari Faynman-Ross
usuli asosida hisoblagan. Olingan natijalarga ko‘ra sintez qilingan sopolimerlarning hosil bo‘lishida metilakrilat monomeri nisbatan faolroq ekan.
Kalit so‘zlar: Radikal sopolimerlanish, metilakrilat, malein angidrid, benzoil peroksid, titrimetrik usul, sopolimerlanish konstantalari.

Kirish. Funksionalli polimerlar funksional guruhlarning xususiyatlari va ularning makromolekulyar xossalariga ko‘ra sintez gilinadi.
Polimerlardagi funksional guruhlar qo‘llanilgan monomerlar tarkibiga bog’liq bo‘lib, ushbu funksional guruhlar polimerlarning keyingi
modifikatsiyasiga o‘zgacha yondashuvni ta’minlaydi [1].

Ikki yoki undan ortiq monomerlarning erkin radikalli sopolimerlanish reaksiyasi olinadigan mahsulotlarning xususiyatlarini
o‘zgartirishning samarali usuli hisoblanadi, chunki sopolimerlarning fizik-kimyoviy xossalari turli xil funksional guruhlarga ega monomerlarning
strukturasiga bog’liq bo‘ladi [2, 3].

Shunga ko‘ra, malein angidridi turli xil birikmalar uchun nukleofil molekulalar tomonidan osongina o‘zgartirilishi mumkin bo‘lgan
angidrid funksional guruhlarini saglaydigan ajoyib monomerdardan biri hisoblanadi [4]. O¢zida angidrid guruhlarini saglagan sopolimerlar turli xil
sohalarda, jumladan, zaharli metall ionlarini yo‘qotishda [5], supero‘tkazuvchan polimerlarda [6] hamda adgezivlar sifatida samarali ravishda
qo‘llanilishi bilan ahamiyatlidir. Ushbu monomer erkin radikalli polimerlanish sharoitida deyarli gomopolimerlanish xususiyatiga ega
bo‘lmaganligi isbotlanganligi boisdan [7], ko‘pgina hollarda uning sopolimerlari olinadi va qo‘llaniladi. Oxirgi vaqgtlarda malein angidridining
akrilat va metakrilatlar shuningdek, vinilatsetat, N-vinilpirrolidon va stirol monomerlari bilan sopolimerlanishiga hamda ularning qo‘llanilishiga
katta e’tibor qaratilmoqda [8].

Respublikamizda ham so‘ngi vagtlarda sanoat ahamiyatiga ega mahsulotlarni olish maqgsadida turli xil akril monomerlaridan foydalanib,
sopolimerlar sintez gilish va ularning fizik-kimyoviy xossalarini o‘rganish hamda sintez qilingan sopolimerlarni amaliyotda qo‘llash bo‘yicha ilmiy
tadgiqotlar amalga oshirilmogda. Shuningdek, ushbu polimerlar sanoatda polietilenli konstruktiv materiallarni yaratish uchun qo‘llaniladigan
polimerlardan bo‘lib, ulardan yuqori ekspluatatsion xususiyatlariga ega kompozit materiallar ham olinadi [9-12].

Birog, bunday kompozitlarni yaratishda, polietilenni qutbli polimerlar bilan bog’lash imkoniyatiga ega, tarkibida funksional guruhlar
saglagan birikmalarni kiritish orqali o‘zgartirish mumkin bo‘ladi. Bunday sopolimerlar polietilen va tabiiy polisaxaridlarning kompozitlarini
olishda kompatibilizator sifatida qo‘llashga imkon beradigan tizimlarni yaratish imkoniyatlarini kengaytirishi boisdan [13], metilakrilat va malein
angidridi asosida sopolimerlar sintez qilish va sintez jarayonida qo‘llanilgan monomerlarning sopolimerlanish konstantasi giymatlari asosida
tarkibini o‘rganishga zarurat tug’ildi.

Eksperimental gism. Sintez jarayonini amalga oshirish magsadida metilakrilat (vaakuumli haydash usuli bilan tozalangan) monomeri
(“Navoiyazot” AJda ishlab chigarilgan) va malein angidridi (2,5-furandion) tanlab olingan. Haydalgan va ingibitorlardan tozalangan metilakrilat
monomeri muzlatgichda 5°C dan yugqori bo‘lmagan haroratda saqlanadi [14]. Metilakrilat adabiyot ma’lumotlarga mos keladigan quyidagi fizik-

n2’ = 1,404,

kimyoviy ko‘rsatkichlarga ega, ya'ni metilakrilat uchun 760 mm Hg. ustunida T4= 80,3°C, nur sindirish ko‘rsatkichi

D2 =0,9558

va zichligi

g/smga teng. Malein angidridi toza holda rangsiz yoki oq gattiq modda bo‘lib, Tq= 52,8°C ga teng.
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Sintez jarayonini amalga oshirishda initsiator sifatida qayta kristallash yo‘li bilan toazalangan benzoil peroksidi (BP) qo‘llanildi. Qayta
kristallangan BP ning tozaligi uning suyuqlanish haroratini tekshirish bilan mahkamlangan kapillyarda qizdirish orqali aniqlandi, BP uchun Ts=
106-108°C ga teng.

Metilakrilat (MA) va malein angidridi (MAN) asosidagi sopolimerlarning sintez jarayoni benzoil peroksidni initsiator sifatida qo‘llab,
radikal polimerlanish reaktsiyalari usuli bilan, azot atmosferasida 60°C haroratda, blok polimerlanish usuli bilan amalga oshirildi. Sopolimerlanish
jarayoni doimiy ravishda aralashtirib turgan holda olib borildi. Sopolimerlanish jarayoni tugagandan so‘ng, reaksion massa sovutildi va kolbadan
ajratib olindi, reaksiya mahsuloti vakuum ostida doimiy massaga kelguncha quritildi. Sopolimerlarning unumi gravimetrik yo‘l bilan aniglandi.

Sintez natijasida hosil bo‘lgan sopolimerlarning tarkibi, malein angidridning mol ulushini aniglashga asoslangan titrlash usuli yordamida
hisoblandi [15]. Reaksiya natijasida hosil bo‘lgan mahsulotlar unumiga mos ravishda sopolimerlanish konstantasini aniqlash magsadida
[MA]:[MAN] turli xil nisbatlari va ma’lum konsentratsiyalarda sopolimerlar sintez gilindi (1-Jadval).

1-Jadval.
MA: MAH ning turli xil nisbatlarida sintez qilingan statistik sopolimerlarning tarkibiga bog‘liq ko‘rsatkichlari.
T= 60°C, [PB] = 5x10**mol/l.

Tir Monomerlar konsentratsiyasi, Sopolimer tarkibida | Sopolimer tarkibining mol% Mahsulot unumi, %
mol/l da MAN massa%
IMA] [MAN] [MA] [MAN]

1 20 80 62,1 40,9 59,1 8,5

2 30 70 48,8 54,4 45,6 8.7

3 40 60 39,3 63,5 36,5 9.4

4 50 50 26,6 75,9 24,1 8.8

5 60 40 20,5 81,5 18,5 7.2

6 70 30 14,6 87,0 13,0 8.3

7 80 20 9,4 91.4 8,6 9,2

Sintez qilingan sopolimerlarning nisbatlariga mos ravishda monomerlar faolligi anigqlandi va ularning tuzilishini o‘rganish magsadida 1Q-
Furye spektroskopik usuldan foydalanildi.

Natijalar va ularning muhokamasi. Tadgiotlarni amalga oshirish davomida metilakrilat va malein angidridi asosida sintez gilingan
sopolimerlarning strukturasi o‘rganildi. Buning uchun foydalanilgan 1Q-Furye spektroskopik tadgigot natijalari ham sopolimer tarkibida MA va
MAN ga tegishli yutilish sohalari (monomerlar miqdoriga bog‘liq holda) mavjud ekanligini ko‘rsatdi. Demak, blok polimerlash usuli bilan ham
sintez jarayoni natijasida MA va MAN asosida statistik sopolimerlar olish imkoniyati mavjud ekan.

c

Wavenumbers (em-1)
1-Pacm. Metilakrilat va malein angidridi chizigli sopolimerlarining MA:MAN = 70:30 (1), 60:40 (2), 50-50 (3), 40-60 (4) va 30-70 (5)
nisbatlardagi 1Q-Furye spektr egrilari.

MA-MAN statistik sopolimerlari spektrida 1120-1125 sm oralig‘ida murakkab efir guruhidagi C-O-C bog‘ini mavjudligini tavsiflaydigan
valent va deformatsion tebranishlarining yutilish sohalari mavjud. Shuningdek, 1377-1378 cm™ da metilakrilatdagi CHs— guruhlarining kuchsiz
yutilish sohasi paydo bo‘lganligini ko‘rish mumkin. 1400 sm™* da -COO™ guruhining simmetrik valent tebranishlarini ifodalovchi yutilish sohasi,
1783 sm™! va 1853 sm™' da C=0 guruhining simmetrik va assimetrik valent tebranishlari hamda 2920 sm sohadagi oraligda CH,— guruhining
valent tebranishini tavsiflovchi kuchli yutilish sohasi mavjud [16, 17]. Yutilish sohalarining intensivligi payvand sopolimerda MAN migdorining
ko’payishi bilan ortganligini kuzatish mumkin.

Tadqiqot ishining natijalariga ko‘ra, sintez qilingan statistik sopolimerlarning tarkibi jarayonning mexanizmiga mos ravishda Faynman-
Ross metodi asosida (2-Jadval) hisoblandi [18-21].

2-Jadval.
Faynman — Ross metodi bo‘yicha MA va MAN larning sopolimerlanish konstantasi ko‘rsatkichlari

T/r | Monomerlar Monomerlar nisbati, | Sopolimer tarkibi nisbati

konsentratsiyasi, mol/l da [M1]/[M2] [ma]/[m2] X y

MA MAN
1 1,0 4,0 0,25 0,692 0,090 -0,111
2 15 35 0,43 1,193 0,155 0,069
3 2,0 3,0 0,672 1,740 0.26 0,286
4 25 25 1,0 3,149 0,318 0,682
5 3,0 2,0 15 4,405 0,511 1,159
6 35 15 2,33 6,692 0,811 1,981
7 4,0 1,0 4,0 10,63 1,505 3,624

2-Jadvalda olingan natijalar asosida Faynman — Ross metodi bo‘yicha MA-MAN ning statistik sopolimerlanishi grafik tarzda keltirildi (2-

rasm).

2-Pacm. Blok sopolimerlanish konstantasini aniqlashning Faynman-Ross usuli bo‘yicha grafigi.
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Yuqoridagi grafikda keltirilgan ma’lumotlarga asoslanib, monomerlar uchun sopolimerlanish konstantasi qiymatlari hisoblandi, unga ko‘ra

MA uchun r;=2,32 MAN uchun esa r,=0,29 ga teng ekanligi aniglandi.

O‘tkazilgan tajriba natijalaridan kelib chiggan holda, hisoblangan giymatlar asosida MA-MAN sopolimerlarining tarkib diagrammasi

keltirildi (3-rasm).
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3-Rasm. MA bilan MAN sopolimerining blok usuldagi tarkibga bog‘ligligi. Bu yerda, m;-sopolimerdagi metilakrilatning mol
ulushi va M;-monomer aralashmasidagi metilakrilatning mol ulushi.
3-rasmdan ko‘rinib turibdiki, blok usulda sintez gilingan monomerlarning dastlabki nisbatlari uchun sopolimer birliklari MA bilan

boyitilganligini, ya’ni metilakrilat malein angidridga nisbatan ancha faol ekanligini ko‘rsatadi.

Xulosa. Shunday qilib, ilk bor metilakrilat va malein angidridi asosida benzoil peroksid initsiatori ishtirokida blok usulda statistik

sopolimerlarni sintez qilish imkoniyatlari o‘rganildi hamda sopolimerlar tarkibida MAN miqdorining oshishi hisobiga sopolimerlarda unga xos
bo‘lgan yutilish sohalarining kattalashganligi isbotlandi. Bundan kelib chiggan holda, metilakrilat va malein angidridi asosidagi sopolimerlarni
uchlamchi sopolimerlar sintez qilishda qo‘llash hamda ulardan bioparchalanuvchi kompozitsiyalar yaratishda keng miqyosda foydalanish mumkin.
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STUDY OF THE REACTION OF ETHYL ETHER AND AMIDE OF MONOCHLOROACETIC ACID WITH TERTIARY AMINES
Annotation

R-C,Hs of monochloroacetic acid, -C,Hy and amide of monochloroacetic acid were synthesized. Obtained esters and amide of monochloroacetic
acid were purified by chromatographic methods. Reactions were carried out with trimethylamine and triethylamines as tertiary amines. The reaction
mechanism is based on the mechanism of nucleophilic coupling, and quaternary ammonium salts were synthesized. Alternative conditions of the
conducted reactions were studied. The biological activity of the synthesized quaternary ammonium salts was studied and it was found that they
have stimulating properties that control the growth of plants. Physico-chemical analysis (IR, PMR) spectra of the obtained quaternary ammonium
salts were obtained and analyzed.

Key words: Monochloroacetic acid esters, ethyl alcohol, benzene, triethylamine, trimethylamine, amide of monochloroacetic acid, quaternary
ammonium salts, infrared (IR) spectrum, proton magnetic resonance (PMR) spectrum.

M3YUYEHUE PEAKIIMU 3TUIOBOIO DOUPA U AMHUIA MOHOXJIOPYKYCHOM KMCJIOTBI C TPETUYHBIMHUA
AMUHAMM
AHHOTaIUA

CunresupoBanbl  R-CoHs monoxnmopykcycHoit kuciotsl, -C4sHy M amMua MOHOXJIOPYKCYCHOW KHCHOTBL. [lodydeHHbIE S(GHUPBI U aMUI
MOHOXJIODYKCYCHOHM KHCIIOTBI OYHMIIAIM XpOoMaTorpadMuecKMMH METoJaMu. Peakiuy NpoBOAMIN C TPUMETHIAMHHOM M TPHATHIAMHHAMHU B
Ka4yecTBE TPETUYHBIX AMHHOB. MEXaHU3M PEaKLUU OCHOBAH Ha MEXaHH3ME HyKJICO(UIBHOTO B3aHMOJCHCTBHS, CHHTE3UPOBAHbl YETBEPTHYHbIC
aMMOHHUEBbIe CONH. VI3yueHBl albTepHATUBHBIC YCIOBHS IpoBeleHMs peakuuid. M3ydeHa Omomormdeckas aKTUBHOCTb CHHTE3HPOBAHHBIX
YETBEPTHYHBIX AMMOHHUEBBIX COJEil M YCTAHOBJIEHO, YTO OHM 00JAJal0T CTHMYIHPYIOIMMH CBOWCTBAMH, KOHTPOIMPYIOIIHIMH POCT PACTEHHIA.
Tomydenst u npoananu3upoBanbl Ghu3uko-xumudeckum ananuzoM (MK, [IMP) criekTpbl MOTy4eHHBIX Y€TBEPTUYHBIX AMMOHHEBBIX COJICH.
KuaioueBbie c10Ba: Dpupbl MOHOXJIOPYKCYCHOH KHUCIIOTBI, STUIOBBIA CIUPT, O€H301, TPUITUIAMUH, TPUMETUIAMUH, aMUJl MOHOXJIOPYKCYCHOM
KHCJIOTHI, YeTBEPTHYHbIE aMMOHHEBBIE comy, nHppakpacHsii (MK) criekTp, criekTp NpoToHHOro MarHuTHOro pesoHadca (ITMP).

MONOXLORSIRKA KISLOTANING ETIL EFIRI VA AMIDINING UCHLAMCHI AMINLAR BILAN REAKSIYASINI
O‘RGANISH
Annotatsiya

Monoxlorsirka kislotaning R-C, Hs, -C4 Hg va monoxlorsirka kislotaning amidi sintez gilindi. Olingan monoxlorsirka kislotaning efirlari va amidini
xromotografik usullarda tozalandi. Uchlamchi aminlar sifatida trimetilamin, trietilaminlar bilan reaksiyalar olib borildi. Reaksiya mexanizmi
nukleofil birikish mexnizmida boradi va to’rtlamchi ammoniy tuzlari sintez gilindi. Olib borilgan reaksiyalarning muqobil sharoitlari o’rganildi.
Sintez qilingan to’rtlamchi ammoniy tuzlarini biologik faollilklari o’rganildi va o’simliklarni o’sishini boshqaruvchi stimulyatorlik xossalari
mavjud ekanligi aniglandi. Olingan to’rtlamchi ammoniy tuzlarini fizik-kimyoviy tahlillar (1Q, PMR) spektrlari olindi va tahlill gilindi.

Kalit so’zlar: Monoxlorsirka kislota efirlari, etil spirt, benzol, trietilamin, trimetilamin, monolorsirka kislotaning amidi, to’rtlamchi ammoniy
tuzlari, infragizil (1Q) spektr, proton magnit rezonans (PMR) spektr.

Kirish. To'rtlamchi ammoniy birikmalari to’g’risida adabiyotlarda turli xil ma’lumotlar keltirilgan. Bu birikmalarni ko'pincha sirt faol
moddalar sifatida ishlatiladi, mato yumshatgichlar, elektrolitlar va supramolekulyar tuzilmalar shuningdek organik sintezda erituvchilar,
katalizatorlar sifatiga ham keng qo’llaniladi. Biroq, ularning biologik faol birikmalar ko’rinishida gerbitsidlar va pestitsidlar ahamiyatli tomonidir,
Bundan tashqari ularning keng doiradagi bakteriyalar, viruslar, zamburug'larga garshi faolligi bu birikmalar sinfiga gizigish ortib borayotganining
sababidir[1-7].

Janubiy Korealik olimlar tomonidan to’rtlamchi amoniy tuzlari asosida antikanser sintez qilingan. Ushbu birikmalar antiseptik ta'sir
ko'rsatadi va inson organizmida saraton hujayralarining bir nechta turlariga garshi proliferativ faoliyati aniglangan. Mualliflar tomonidan o’n yettita
yangi birikmalar sintez qilingan, ularning biologik faolligi o’rganilgan. Ushbu 17 ta birikmadan 3i (1-rasm) birikmasi saratonga garshi eng faol
birikmalardan biri deb garalmoqda.

0 R o 0
\MTLLDH - \‘"IJLN/\‘\ - \M%LN Y X
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Tajriba gismi:
Monoxlorsirka kislota amidini metil-dietanolamin bilan reaksiyasi:
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Monoxlorsirka kislota amidi bilan metil-dietanolaminnig reaksiya tenglamasi quyidagicha.
AP . /

CH-C + N(CHOH),  ——— | HC— N—CHZ—C\/O -
| NH, | NH Cl

Cl CH3 (C2H40H),

\

Monoxlorsirka kislota amidi bilan metil-dietanolaminning reaksiyasida ham reaksiya mahsulotinining unumiga erituvchilar va reaksiya
vaqti o‘rganildi. Erituvchi sifatida atseton, xloroform va etil spirt (absolyut) larni tanlab oldik va ushbu erituvchilarni mahsulot unumiga tasiri
o‘rganildi.Monoxlorsirka kislota amidi sariq kukunsimon modda uni atsetonda eritib oldik. Metil —dietanolaminni 243 °C haydab tozalab oldik va
monoxlorsirka kislota amidiga sekinlik bilan aralashtirib 50-60 °C da 1 soatdan 4 soatgacha kizdirdik.Olingan moysimon suyuqlikni ekskatorga
qo‘ydik. Natijada oq ignasimon kristallar oldik va unumini hisoblaganda 55 % ni tashkil etdi. Shu metodda toluolda reaksiya o‘tkazganimizda
mahsulot unumi 62%, eng yugori unum etil spirt (absolyut) da 71% olindi.

1.1- diagramma

MeTHI-18-2-THIPORCHITILI-KAPSaMILIoAMMOH NI X10pHa
YHYMHTA 3DHTYBUHJIADHHHT TabcHpH YHYM, %0

80
70
60
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40
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0
Auneron Toayoa ITHA CoupT
(abcomroT)
1:1 1:1 1:1
1 2 3

Olingan birikmani sintez gilishning mugobil sharoitlari topildi va tuzilishi 1Q-spektri yordamida tasdiglandi. Metil-di-2-gidroksietil-
karbamidoammoniy xlorid oq rangli kristall modda bo‘lib suyuqlanish harorati adabiyotlarda keltirilmagan. Biz sintez gilgan mahsulotimizning
suyugqlanish harorati Tsyq=162-165°C.

1.2-diagramma

Metil-di-2-gidroksietil-karbamidoammoniy xlorid unumiga
reaksiya davomiyligini ta'siri (erituvchi etanol)

o0
80
70
60
s0
40
30
20
10
B 11 1:1 [
1 2. 3
= Peaxumnsa pakta, (Coat) 2 4 6
= VEyM, % 69 7 82

1.2-diagramma ko‘rinib turibdiki yuqoridagi reaksiya uchun eng muqobil vaqt 6 soatni tashkil etadi bu vaqtdan yuqorisida unum
o‘zgarmadi.
Monoxlorsirka kislotasi etil efirini metil-dietanolamin bilan reaksiyasi

Uchlamchi aminlar bilan monoxlorsirka kislota etil efiri reaksiyalarini o‘rganish uchun monoxlorsirka kislota etil efirini metil-dietanol
amin bilan reaksiyasi o‘rganildi reaksiya tenglamasi quyidagicha

. + /o .
(I:Hz-C{/O + |}|(C2H4OH)2 Ertuvchi HaC—N—CH»C7? |

| -
& O~c,Hs CHs (CoH4OH), ~  CaHs

Ushbu reaksiyaning mahsulot unumiga erituvchilar ta’sirini o‘rganish uchun turli erituvchilarda reaksiyalar olib borildi. Ushbu natijalar
2.1 - diagrammada berilgan.

Jadval natijalaridan ko‘rinib turibdiki, reagentlarning 1:1 mol nisbatlarida reaksiya olib borilganda mahsulot unumi 69% tashkil gildi.

Olingan natijalaridan ko‘rinib turibdiki, reagentlarning mol nisbatlari 1:2 bo‘lgan holatda reaksiya olib borilganda mahsulot unumi 79%
ni tashkil gildi. Reaksiyalar ko‘proq vaqt davomida reagentlarning 1:1 mol nisbatlarida etil spirt (Absolyut) eritmasida olib borildi. Bu
tajribalarning natijalari 2.1-diagrammada keltirilgan. (Reaksiya unumi 82%).

Natijalaridan ko‘rinib turibdiki, etilenxlorgidrinning trietilamin bilan xona haroratidagi, etilatsetat erituvchisidagi reaksiyaning unumi
reaksiya davomiyligining ortishi bilan ortib bormoqgda. Fikrimizcha, unumni yanada ortirish mumkin.

Reaksiya xona haroratida o‘tkazilganda moddalarni aralashtirishimiz bilan idish devorlari isib, oq tutun hosil bo‘ldi. Bu reaksiyani 50-60
C%da olib borilganda reaksiya unumi keskin ortdi va oqg rangli tuz metil-di-2-gidroksietil-karbetoksimetilammoniy xloridtuzi ajratib olindi. Hosil
bo‘lgan tuz oldindan tarozida tortilgan idishga solib eksikatorga qo‘yildi.

Olib borilgan tajribalar natijasi asosida shuni aytish mumkinki, 50-60 C° olingan tuzning eruvchanligi va reagentlarning uchuvchanligi
kamayadi, yugori unum bilan Metil — di — 2 - gidroksietil-karbetoksimetilammoniy xlorid tuzini olish imkonini beradi.

2.1-diagramma
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Olingan birikmani sintez gilishning mugobil sharoitlari topildi va Metil — di — 2 — gidroksietil - karbetoksimetilammoniy xlorid oq rangli
kristall gigroskopik modda bo‘lib 227-229 °C da suyuglanadi. Mahsulotning metil — di — 2 - gidroksietil-karbetoksimetilammoniy xlorid ekanligini
tasdiglash magsadida uning 1Q-spektri va PMR spektrlari olindi.

Olingan tajilar va ularning tahlili.

Metil-di-2-gidroksietil-karbetoksimetilammoniy xlorid tuzining unumi (5,68 r) 85% . T.cyrok =213 °C

1Q spektri — 2678-2650 sm™ yutilish sohasida to‘rtlamchi azotga hos bo*lgan o‘rtacha kuchli intensiv valent teranish kuzatiladi. 2956 sm-
Lyutilish sohasida assimetrik CHs- bog‘lanishni ko‘rsatadi bunda murakkab efirga bog‘langan pentil radikali borligini bildiradi. 1720 sm* yutilish
sohasida C=0 bog‘lanish uchun kuchli intensiv valent tebranishni ko‘rsatadi.

1H YaMR spektri (400 MI'y, CD30D, .., J/Tw):- 0.87 (r, 3H, CHsCHy), 1.24 (m, 38H, CHy), 1.69 (m, 2H, CH2), 3.12 (c, 3H, CH3N),
3.27 (M, 2H, CH2-1), 3.48 (M, 4H, OHCH,CHN), 3.84 (T, 4H, OHCHy,), 5.4 (c, 2H, OH)

Xulosa. Monoxlorsirka kislotaning amidi bilan uchlamchi amin sifatida metil-di-etanolamin bilan reaksiyasi olib borildi, reaksiyaning
optimal sharoitlari o’rganildi.

Sintez qgilingan to’rtlamchi ammoniy tuzlari biologik faolligini anqilash uchun birlamchi laboratoriya natijalari tahlill qilinganda
o’simliklarni o’sishini boshgaruvchi xususiyati bor ekanligi o’rganildi.

Monoxlorsirka kislotaning amidi va etil efirlarining reaksiyaga Kirishish gobilyati taggoslanganda monoxlorsirka kislotaning amidi
reaksion gobilyati yuqgori ekanligi aniglandi.
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STUDY OF THE AMOUNT OF FLAVONOIDS IN THE STEM AND ROOTS OF THE PLANT (POTERIUM POLYGAMUM WALDST
ET.KIT)
Annotation
In this article, the amount of flavonoids in the stems, roots, buds and flowers of the plant Poterium polygamum Waldst et. Kit, which grows as
fodder in irrigated lands, is analyzed in spring, summer and autumn samples. comparative-quantitative analysis of the flavonoids identified in this
plant using the gradient elution mode based on the method of high-performance liquid chromatography (HPLC) areas of application are highlighted.
Key words: Poterium polygamum Waldst et. Kit, flavonoid, rutin, apigenin, isoramnetin, quercetin, gallic acid, hyperazid.

N3YYEHUE KOJITNYECTBA ®JIABOHOU/JIOB B CTEBJIE U KOPHSAX PACTEHHUS YEPHOI'OJIOBHUKA
MHOTI'OBPAYHOI'O (Poterium polygamum Waldst et. Kit)
AHHOTaIUsS

B crarbe npoBe/ieH CPaBHUTEIILHO-KOINYECTBEHHBIN aHAIM3 KOJIMYecTBa (IIaBOHOMIOB B CTe0IIsIX, KOPHSX, [IOYKaX U LBETKax pactenus Poterium
polygamum Waldst et. Kit, mpouspacratomero B KayecrBe KOpMa Ha OpOILIAEMbBIX 3€MISIX, B BECEHHHX, JICTHHX M OCEHHHX Mpobax. ¢
HCIIOIB30BAaHUEM PEXHMMa TPaJUEHTHOTO DIIIOMPOBAHMS HAa OCHOBE METOJA BHICOKOI((EKTHBHOH KMAKOCTHOH xpomatorpaduu (BOXX) u
BBIJICIICHBI 00J1aCTH MEANIMHCKOTO IPHMEHEHHUs (plIaBOHOM/IOB, BBIABICHHBIX B 3TOM PACTCHUH.

KuaroueBsie cioBa:UepHorosnosuuka MuoroOpaunoro(Poterium polygamum Waldst et. Kit), duiaBoHonn, pyTuH, anureHuH, W30paMHETHH,
KBEpILIETHH, TaJUI0Basi KUCIOTA, TUIIepa3ul.

KO‘KO‘T (POTERIUM POLYGAMUM WALDST ET.KIT) O‘SIMLIGINING POYA VA ILDIZI TARKIBIDAGI FLAVONOIDLAR
MIQDORINI O‘RGANISH
Annotatsiya

Ushbu magqolada sug‘oriladigan yerlarda yem — xashak sifatida o‘suvchi Ko‘ko‘t (Poterium polygamum Waldst et.Kit) o‘simligining poya, ildiz,
g‘uncha va guli tarkibidagi flavonoidlar migdorini bahorgi, yozgi va kuzgi davrlaridagi na’munalarini yugori samarali suyuglik xromatografiyasi
(FOCCX, HPLC) usuli asosida gradient elutsiya rejimi yordamida giyosiy-miqdoriy tahlili hamda ushbu o‘simlikda aniglangan flavonoidlarning
tibbiyotda qo‘llanilish sohalari yoritilgan.

Kalit so‘zlar: Ko‘ko‘t (Poterium polygamum Waldst et. Kit), flavonoid, rutin, apigenin, izoramnetin, kversetin, gall kislota, giperazid.

Kirish. Hozirgi kunda tibbiyot sohasi rivojlanib borayotgan bir vagtda bemorlar uchun dori vositalarini yetkazib berish dolzarb
masalalardan biridir. Kasallikni davolash va shu kasallikni oldini olish uchun ishlatiladigan dorivor o‘simliklardan tayyorlangan dori vositalari
sintetik yo‘l bilan olingandagiga qaraganda bir qancha ishonchli va foydali hisoblanadi. Dorivor o‘simliklardan dori turlari tayyorlanadi yoki
ulardan dorivor preparatlar va sof holdagi dorivor moddalar olinadi. Buning uchun shu o‘simliklarning kasalliklarni davolash xususiyatiga ega
biologik faol moddalarga boy bo‘lgan gismlaridan, ya’ni ba’zi o‘simliklarning yer osti organlaridan (ildiz, ildizpoya, tuganak yoki piyoz),
ba’zilarini esa yer ustki organlaridan (barg, gul, meva yoki urug‘) foydalaniladi [1]. Poterium (Rosaceae oilasi) o‘simliklari butun dunyoda
an’anaviy tibbiyotda keng qo‘llaniladi. Ushbu turkumning Poterium polygamum Waldst et. Kit. turi esa tarkibidagi biologik faol moddalarining
og‘riq qoldiruvchi, mikroblarga qarshi, biriktiruvchi va qon to‘xtatuvchi xususiyatlarga ega ekanligi bilan boshqa turlardan ajralib turadi [2].
O¢‘simlik tarkibi makro va mikro elementlar, vitaminlar, flavonoidlar, efir moylari va boshqga biologik faol qo‘shimchalarga juda ham boydir.

Adabiyotlar tahlili. Ko‘ko‘t (Poterium polygamum Waldst et.Kit) o’simligi — Toshkent va Surxondaryo viloyatlarining tog‘li yaylovlarida
o‘sadigan ko‘p yillik o‘t. Ildizi juda taraqqiy etgan.Iyul avgust oylarida gullaydi, dori xom ashyosi sifatida gullash davrida ildizi
ishlatiladi.O‘simlikning ildizpoyalari va ildizlarida kraxmal (30% gacha), oshlovchi moddalar 12-20% gacha, efir moyi (1,8%), saponinlar:
sanguisorbin va pyoterin - 4% gacha [2], makro va mikro elementlar, taninlar, vitaminlar, oshlovchi modda, kraxmal, rang beruvchi moddalar,
kaltsiy oksalat tuzlari 5 % gacha, flavonoidlar kversetin va kempferol hosilalari, giperin, 3. 7-diramnozid kaempferol, 3-galaktozid-7-glyukozid
katexinlar, xromonlar. Ildiz va ildizpoyalarda steroidlar ham bor: b-sitosterol, b-sitosterolning b-D-glyukozidi, stigmasterol; karotenoidlar [3] 1-
rasm.
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1-rasm.Poterium polygamum Waldst et.Kit

Ko‘ko‘tning ildizi damlamasi stamatalogiyada yallig‘lanishni qaytarish, og‘riqni qoldirish, qon to‘xtatish, burushtiruvchi va bakterosid
xususiyatlari tufayli gingivitlar,stomatidlar, glossit va paradontitlarni davolashda qo‘llaniladi [6].O‘simlikning teropevtik xususiyati flavonoidlar
tarkibiga ham bog‘liq bo‘lishi mumkin.Flovonoidlar o‘simlik polifenol birikmalari sinfiga kiradi [7]. Hayvon va inson hujayralarida flavonoidlar
sintez qilinmaydi va to‘qimalarda flavonoidlarning mavjudligi butunlay o‘simlik maxsulotlarini iste’mol gilishiga bog‘liq [8].Ular organizimda
doimiy va muhim jarayonlarda yordamchi bo‘lib hizmat qiladi.Bu hujayraning murakkab funksiyalaridan o‘ziga xos moylash mexanizimidir
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[9].So‘ngi yillarda olib borilgan tadgiqotlar shuni ko‘rsatadiki, ayrim flavonoidlarning hosilalari ichki organlarning turli kasalliklarini davolashda
muvafaqqiyatli ishlatilishi mumkin: bu moddalar ko‘pincha ma’lum dori-darmonlarga garaganda ancha samarali natijalar bermoqda
[10].Flavonoidlarning yallig‘lanishga qarshi, antiallergik, viruslarga qarshi, membrana stabillovchi [11] xususiyatlarga ega ekanligi aniglangan.

Tadgigot metodologiyasi. Namuna tarkibidagi flavonoidlar suyuqlik xromotografik usul yordamida aniglandi. Namunadan 5-10 gr
miqdorda analitik tarozida tortib olinib, hajmi 300 ml tubi yassi kolbaga solindi. Konsentratsiyasi 96% li etil spirtdan 70% li spirt eritmasi tayyorlab
olinib, 50 ml hajmda namuna solingan kolbaga quyildi. Aralashmani magnitli aralashtirgichga qo‘yilib, qizdirmasdan 6 soat davomida aylantirildi.
So‘ng eritma tindirishga qo‘yildi. Ma’lum vaqtdan so‘ng eritmani yuqori qismi filtirlab olindi. Mobil faza sifatida asetonitril va fosfatli buffer
eritmasi ishlatilgan.Spektral ma’lumotlar 200 dan 400 nm gacha bo‘lgan spektr diapazonda o‘rganilgan.Na’muna ustidagi tadqiqotlar Agilent
Technologies 1260 xromotografda o‘tkazilgan. Tadqiqot jaaryonida quyidagi sharoitlar tanlangan: Mobil faza (izotermik rejim) — asetonitril —
buffer eritmasi (35:75) pH=2,92 15-20 minut. Injeksiya hajmi-5mkl. Mobil faza tezligi 0,75 ml/min. Xromotografiya kolonka - Exlipse XDB C18
(teskari fazali), 5 mkm,4,6 x 250 mm 1-rasm [12].

Tahlil va natijalar. O‘rganilayotgan o‘simlik Ko‘ko‘t (Poterium polygamum waldst et.kit) 2024-yil mart, iyun va sentabr oylarida
Namangan viloyati, Pop tumani, Rezaksoy qishlog‘i tog‘- adirlaridan yig‘ib olingan. O‘simlik alohida a’zolarga poya, ildiz, g‘uncha va gulga
ajratib quritilgan. Quritilgan namunalarni Toshkent viloyatidagi “Bioorganik kimyo ilmiy tekshirish instituti”da elementar tarkibi tahlil gilindi.
Ko‘ko‘t (Poterium polygamum Waldst et.Kit) o‘simligining bahorgi, yozgi va kuzgi davrlardagi a’zolarida to‘planadigan flavonoidlar tahlil
qilingan. Olingan natijalar shuni ko‘rsatadiki Poterium polygamum o‘simligining poya, ildiz va g‘unchasi tarkibida rutin, apigenin, izoramnetin,
kversetin, giperazid, gall kislota kabi flavonoidlari mavjudligi aniglandi. 2-rasm.

1- jadval
Poterium polygamum o’simligi yer ustki va yer ostki a’zolaridagi flavonoidlar tarkibi va migdori
o Na’muna nomi Aniglangan migdor

mg/100

Robinin Rutin Apigenin Izoramnetin Gall kislota Giperazid Kversetin
1 Ildiz bahorgi - 39,335 23,456 5,012 - - 17,665
2 Poya bahorgi - 71,512 - 10,231 - - -
3 1ldiz gullashdan oldingi - 17,784 - - - -
4 Poya gullashdan oldingi - 27,512 - 9,879 - - -
5 G’unchasi - 40,521 109,854 - - - -
6 1ldiz gullagan davr - 261,352 32,256 - 103,842 168,052 -
7 Poya gullagan davr - 163,568 85,185 - 37,968 51,968 -
8 Guli - 298,564 156,326 - 132,171 169,851 -
9 1ldiz kuzgi - - - - - - -
10 Poya kuzgi - - - - - - -
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1-rasm. Ko’ko’t (Poterium polygamum Waldst et.Kit) o’simligining bahorgi ildiz tarkibidagi flavonoidlar xromotogrammasi keltirilgan
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2-rasm. Poterium polygamum o‘simligining ildizi tarkibidagi flavonoidlar migdorini fasllarga ko‘ra tagsimlanishi

1-jadval va 2-rasmda keltirilgan kattaliklardan ko’rinadiki, Poterium polygamum o‘simligi vegetativ organlari tarkibida vegetasiya davrida
yer ustki gismi va ildizida hamda gul g‘unchasi va gulida flavonoidlar migdori nisbatan tulicha targalgan. Rutin miqdori vegetatsiya davri
boshlanishida poyasida va ildizida nisbatan yuqori bo‘lib 39.3 mg/% va 71.5 mg/% ni, g‘uncha tugish davriga kelganda esa uning migdorlari
kamayib 17,8 mg/% va 27,5 mg/% ni tashkil gilishini kuzatish mumkin. Yoz oyida ya’ni o‘simlik gullash davrida olingan na’munalarda flavonoid
miqdori ildizi, poyasi va gulida ham ancha yuqori to‘plangan bo‘lib, tegishli ravishda 261,3 mg/%, 163,6 mg/% va 298,6 mg/% larni tashkil etdi.
Rutin — kapilyar o‘tkazuvchanlikni pasaytiradi, qon aylanishini yaxshilaydi, yurak xuruji va insult havfi bo‘lgan be’morlarni davolashda, gemorroy,
varikoz tomirlari va mikroangiopatiyani davolash uchun ishlatilishi mumkin.Nisbatan yugori dozadagi rutin galgonsimon yodning so‘rilishini
oshiradi va antioksidantlik xususiyatiga ham ega [13].

Apeginin miqdori bahorgi paytda ildizida 5 mg/%, poyasida esa 10,2% ni tashkil qilsa, g‘uncha tugish davriga kelganda esa ildiz va
poyasida flavonoid aniqlanmadi. Ammo g‘unchasi tarkibida ancha yuqori to‘plangan bo‘lib, 109,9 mg/% ni tashkil giladi. Gullash davriga kelib
flavonoid har bir gismida yuqori miqdorda bo‘lib, ayniqsa o‘simlik guli tarkibida bu ko‘rsatkich 156,3 mg/% ni tashkil qilganligi aniglandi.
Adabiyotlarda keltirilib o‘tiladiki, apigenin saratonga qarshi profilaktik xususiyatlarga ega va havfli hujayralarni yo‘q qiladi [15]. Apigeninning
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saratonga qarshi tasir qilish mexanizmlari, ehtimol, apoptoz, autofagiya, nekroptoz va ferroptoz kabi hujayralar o‘limining turli mexanizmlarini
boshlash qobilyati bilan bog‘liq [14].

Izoramnetin miqdori bahorgi paytda poyasi va ildizida miqdorlari 5,0 mg/% va 10,0 mg/% ni tashkil qilishi g‘uncha tugish davriga
kelganda esa faqat poya qismiga 9,9 mg/% to‘plangan bo‘lib, ildiz va g‘unchasida aniqlanmadi. O‘simikning yozgi gulash va kuzgi yetilish davrlari
tekshirilganda flavonoid umuman yoqolib ketganligi aniglandi. 1zoramnetin yurak-qon tomir kasalliklari va turli o‘smalarga keng farmokologik
ta’sir ko‘rsatadi va Altsgeymer kasalligi kabi neyrodegenerativ kasalliklarning oldini olish salohiyatiga ega [15].

Kversetin faqat bahorgi namunalardan ildizida 17,7 mg/% to‘planganligi aniqlandi.Qogan yozgi va kuzgi namunalarning hech birida
uchramadi. Kversetin o‘zining antioksidant [16], antikonsirogen, antibakterial hamda semizlikka, virusga [17] va yallig‘lanishga qarshi ta’sirlari
tufayli ko‘proq e’tiborni tortmoqda. Kversetin turli saraton hujayralarini modulyatsiya qilish va ularning o‘sishini cheklash orqali ko‘payishini
oldini olishi mumkin [18]. Kversetin kundalik iste’mol qilinadigan oziq-ovgat mahsulotlarida jumladan, piyoz, brokkoli kabi sabzavotlar, mango
[19], olma kabi mevalarda ko‘p bo‘ladi.

Giperazid flavonoidi faqat o‘simikning gullash davriga keganda yozgi namunalari tarkibida to‘plangan bo‘lib, ildizida 168 mg/%, poyasida
51,9 mg/% va guli tarkibida 169,8 mg/% miqdorda ekanligi aniqlandi.Gall kislota ham o‘simlikning faqat yozgi davri gullash vaqtidagi ildiz, poya,
guli tarkibida tegishli ravishda 103,8 mg/%, 37,9 mg/% va 132,2 mg/% miqgdorda to‘planganligi ma’lum bo‘ldi.

Shunday qilib olingan natijalardan quyidagi xulosalar gilish mumkin.

Xulosa. Namangan viloyati Pop tumanida tabiiy holda o‘sadigan Ko‘ko‘t (Poterium polygamum waldst et.kit) o’simligining bahorgi,
yozgi, kuzgi poyasi, ildizi, g‘unchasi va guli tarkibidagi flavonoidlar tahlili shuni ko‘rsatadiki, bahorgi ildiz tarkibida rutin, apigenin, izoramnetin,
kversetin va bahorgi poya gismida esa rutin, izoramnetin, kversetin flavonoidlari aniglandi,

Flavonoidlar asosan o‘simlik uyg‘onish davrida poya va ildiz qismida ko‘proq to‘planishi aniqlandi.Vegetatsiyaning g‘uncha tugish
davriga kelganda poyasida rutin, izoramnetin, ildizida rutin va g‘unchasida rutin apigenin flavonoidlari aniqlandi.

Yozgi gullash davrlaridagi olingan namunalarda o‘simlikning barcha qismida ya’ni ildizi, poyasi va guli tarkibida rutin, apigenin, gall
kislota va giperazid falavonoidlari aniglandi.

O‘simlikning kuzgi yetilish davriga kelib esa poya va ildiz qism namunalarida hech qanday flavonoid turi aniqlanmadi.
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IMMOBILIZED BLUE METHYL THYMOL, ANALYTICAL REAGENT FOR IRON(III) ION
Abstract
Methyl thymol blue was studied as an analytical reagent for the Fe3* ion. The maximum light absorption spectrum of methyl thymol blue, the
desorption of immobilized methyl thymol blue and its relationship with time were studied. The dependence of the optical density of the complex
on the volume of added reagent was studied.
Key words: immobilization, complex formation, sorption-spectroscopy, iron(lI1) ion, desorption.

HUMMOBWJIN30BAHHBI CUHUI METHJI TUMOJI AHAJTATHYECKHANA PEATEHT JIJIs1 AOHA JKEJIE3A (1)
AHHOTaIUsS
MeTUITUMOJIOBBIN CHHHI HCCIIE0BaH B KaueCTBE aHAJIMUTHYECKOTro peareHTa Ha uoH Fe®*. M3ydyeHbl CeKTp MaKCUMAIbHOTO CBETONOIIOIIEHHS
METHJITHMOJIOBOTO CUHETO, 1eCOPOLUs IMMOOMIN30BAHHOIO METUIITUMOJIOBOTO CHHETO U €€ 3aBUCHMOCTb OT BPEMEHU. 110 00beMy J00aBIIsIeMOro
peareHra.
KuroueBbie ci10Ba: UMMOOMIIM3ALIMS, KOMILIEKCOOOpa3oBaHKue, COPOILIMOHHO-cIIEKTpockonus, noH xene3a (1), necopOrus

IMMOBILLANGAN METIL TIMOL KO‘KI TEMIR(III) IONI UCHUN ANALITIK REAGENT SIFATIDA
Annotatsiya
Metil timol ko‘kining Fe 3* ioniga analitik reagent sifatida o‘rganildi.Metil timol ko‘kining maksimal nur yutish spektri,immobillangan metil timol
ko‘kining desorbsiyalanishi va uni vaqt bilan bog‘ligligi o‘rganildi. Kompleks optik zichligining qo‘shiladigan reaktiv hajmiga bog‘liligi o‘rganildi.
Kalit so‘zlar: immobilizatsiya, kompleks hosil bo‘lish, sorbsion- spektroskopiya, temir(lll)ioni.desorbsiya.

Kirish. Sanoatning jadal o'sishi va rivojlanishi bilan transport, gishlog xo'jaligini sanoatlashtirish hamda kimyolashtirish, ilmiy-texnik
taraqqiyotning tezlashishi so‘nggi yillarda sezilarli darajada oshdi. Bularning barchasi atrof-muhitga texnogen yo‘l bilan kelib tushadigan og’ir
metallarning ortishiga sabab bo‘lmoqda. Biosfera ob'ektlarining ifloslanishi, shu jumladan, ozig-ovgat xom ashyosi, o'simlik, hayvonlar, inson
tanasida og’ir metal birikmalarining to'planib borishi, inson salomatligi uchun bir gator jiddiy ogibatlarga olib keladi. Shuning uchun atrof-muhit
ob'eklaridagi og’ir metal ionlarini aniqlash ularni mikromiqdorini nazorat qilish bugungi kunda muhim ahamiyat kasb etadi.

Temir ham og’ir metallar qatoriga kiradi. Temir ionlarini aniqlashning optik, elektrokimyoviy, fizikaviy va boshqa ko‘plab usullar ishlab
chigilgan.Bugungi kunda jadal suratlarda rivojlanib boratotgan usullardan biri sorbsion-spektroskopiyadir.Bu usulning aniglash texnikasining
osonligi, sezgirligi yugoriligi va tan narxining arzonligi bilan bir gancha afzalliklarga ega.

Mavzuga oid adabiyotlar tahlili. Temir inson organizmi uchun zarur bo‘lgan mikroelementlardan biridir. Temir
nafagat gemoglobinning balki boshga birgancha muhim moddalarning tarkibiga kiradi Erkak kishi har kuni 0,6mg Fe ajratadi va bu asosan najas
bilan chigadi. Shuningdek, qon yo‘qotganda qo‘shimcha ravishda Fe yo‘qotilishi mumkin. Ayollar uchun menstruatsiya hisobiga 1,3 mg/kun Fe
yo‘qotiladi.[1],.Lekin shuni alohida takidlash kerakki tirik orgaznizmlar tanasida temir elementi meyorida oshishi inson organizmida gemataxroz
kasalligini rivojlanishi, o‘simliklarda esa hosildorlikni kamayishiga olib keladi. Shu munosabat bilan atrof-muhit ob’yektlarida temir ionini
meterologik migdorini nazorat qilish kerak.

Ichimlik va tabiiy suvlarda Fe(lI11) ionlarini aniglashning vizual aniglash uchun usul ishlab chigilgan.Bu usul Fe (I1) ko'pikli poliuretanning
batofenantrolin va nitrat ionlari bilan sorbsiyasiga asoslangan. Temir (I11) ionlarini 0,015-0,30 mg/dm? yarim miqdoriy vizual aniglash imkonini
bergan[2]. Fe(111) ning migdorini aniglash uchun 0,30 mol/I * xlorid kislota eritmasidagi kaliy persulfat (K,S,0s) va metil gizil o'rtasidagi so'nish
reaksiyasiga, Fe(l1) ning katalitik ta'siriga asoslangan Kkatalitik-kinetik spektrofotometrik usulni ishlab chiggan[3]. Fe (I11) ni ekstraksiya gilish va
spektrofotometrik aniglash uchun yangi analitik reaktiv 2,4-dimetil-3H-1,5 benzodiazepin (DBA) taklif etilgan[4].Metil timol ko‘ki reagenti
yordamida Cu,Fe,Pb ionlarini bir vaqtning o‘zida olovli atom absorbsion usulda aniglangan.Aniqlash chegarasi 0.54, 3.1, va 4.5 ng ml~""‘Bundan
tashqari temir (111) ionini ion almashnish [5] suyuqlik ekstraktsiyasi[6], anodik tozalash voltammetriyasi [7], despers [8], cho‘ktirish [9] va qattiq
faza ekstraktsiyalar [10-14] kabi xromotrografik usullardan foydalangan holda aniglash mumkin. Turli usullar orasida spektrofotometriyani
takomillashtirilgan varianti sorbsion-spektroskopik usul alohida afzalliklari bilan ajralib turadi,yani mikroelementlarni meterolgik miqgdorini
aniglash darajasi yuqori,yuqori harorat talab gilmaydi va eng asosiysi tejamkor usuldir.Shu sababli ilmiy tadgigot ishida sorbsion-spektroskopik
usuldan foydalanildi.

Tadgiqot metodologiyasi. 2,75 FeCl;:6H,0 suvda 10 ml konsentrlangan HCI qo‘shib eritiladi va aralashtirib, 1 litr hajmli o‘lchov
kolbasida suv bilan belgilangan belgigacha suyultiriladi. Probirkadagi temir (3+) ioni migdori gravimetrik va titrimetrik usulda aniglanadi [15].
Metil timol ko‘ki ligandi kukunidan 0,736gr analitik tarozida tortib olib hajmi 100 ml bo‘lgan kolbada disitillangan suv bilan ertib 0,1%li eritmasini
hosil gilamiz.Immobillangan organik reagentlarimizni olish uchun turli tolasimon sorbentlardan 0,2 gr dan tortib olinib 0,1 n HCI kislotasi bilan
faol holatga keltiramiz (24 soat).tolalarni faollashtirganimizdan keyin pH=7 ga teng bo‘lgunga qadar distillangan suvda chayamiz.tayyor tollarga
0,1%li metil timol ko‘ki eritmasidan 5 ml dan solamiz va magnitli aralashtirgichda 10 daqiqa aralashtiramiz.

1-jadval
Metil timol ko ki (MTK)reagenti immobillash uchun qulay sharoitlari
m=0,2 g
Reagent Tas.huv pH Bufer aralashma hajmi, | Yutilish maksimumi, ngt,
chi ml nm min.

- 351 -


https://uz.wikipedia.org/wiki/Gemoglobin
https://uz.wikipedia.org/wiki/Odam_organizmida_temir_metabolizmi#cite_note-:0-1

0¢zMU xabarlari Becrnuxk HYY3 ACTA NUUz | KIMYO | 3/2/1 2024

| MTK [ PPAL [ 25 | 500 436 | 7 \

Tahlil va natijalar. Metil timol ko‘ki reagentini maksimal nur yutish sohasini aniqlash.Aniglash uslubi: Metil timol ko‘ki
reagentining maksimal nur yutish sohasini o‘lchashda EMC-30PC-UV-1800 spektrofotometr qurilmasidan foydalangan holda solishtirma eritmaga
nisbatan o’chadik.Buning uchun sig‘imi 50 ml li o‘lchov kolbasiga 0,0001 M li reagentlar eritmasidan tayyorladik.Olingan nur yutulish sohalari
tasviri quyida keltirilgan.

Aboerbancel b

1-rasm.Metil timol ko‘ki reagentining maksimal nur yutish sohasi (436nm)

Immobillangan metil timol ko‘ki reagentining desorbsiyasi. Ishni bajarish tartibi:Metil timol ko‘ki reagentini immobillash uchun
optimal sorbent sifatida PPALI tolasi tanlab olindi. Immobillangan metil timol ko‘ki reagentini desorbsiyalash uchun immobillangan metil timol
ko‘ki tolasidan 0,02 gr dan tortib olinib ustida turli konsentratsiyadagi kislotalardan 5 ml dan quyidi.Desorbsuya jarayonini vaqt bilan bog’liqligi
ham o‘rganildi.

5 4R 1
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1 =—PPAL 08

07
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4+ ——3MH2504 bilan 03 7
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_1-rasm.Imm0billangan metil timol ko‘kining desorbsiyasining nur qaytarish spektri_

2-jadval
Immobillangan metil timol ko ki (ImMTK) desorbsiyasining nur gaytarish spektri natijalari(nm)
Tola PPA1 IMMTK IMMTK IMMTK IMMTK
+3MHCI +3MH,SO, +2HNO;
R 0,484554 | 20,2162 6,406367 0,740369 0,4992257

1-rasm va 2-jadvaldagi tahlil natijalaridan shunixulosa qilishimiz mumkinki immobillangan metil timol ko‘ki desorbsiyasi uchun 2M
HNO; kislota optimal kislota hisoblanadi.Tanalab olingan 2M HNO; ni immobillangan metil timol ko‘kini desorbsiyaga uchratishini vaqt bilan
bog’ligligi ham o‘rganildi.

R

desorbsiyaga  —4—

8 uchragan
6 IMMMIK
4
2 tsoat
o
[ s 10 1s 20 25 30 35

2-rasm.Immobillangan metil timol ko‘ki reagentining desorbsiyaga uchrashining vaqt bilan bog‘liqligi

2-rasm natijalaridan shuni xulosa gilishimiz mumkinki 2M HNOj3 bilan immobillangan metil timol ko‘kini to‘liq desorbsiyaga uchratishi
uchun 24 soat vaqt talab giladi.Desorbsiyaga uchragan tolani 7,8-10 martagacha immobillab analitik signal olishimiz mumkin.Bu esa chigindisiz
texnologiya va yashil kimyo dasturlariga mos keladi.

Fe®" ioni bilan hosil gilgan kompleksining optik zichligining Metil timol ko‘ki reagentining hajmiga bog‘ligligi.

Ishni bajarish tartibi: Kompleks birikma hosil bo‘lishida reagent hajmiga bog‘liqligini o‘rganishimiz uchun MTK reagentidan 0,05 % li
eritmalarini tayyorlab oldik.Fe ** ioni (10 mkg/ml) eritmasidan 5 ml va pH=2,5 unversal bufer eritmalaridan ishlatildi.Kompleks birikmani
maksimal to‘lqin uzunliklarida optik zichliklarini olindi.

a
0,4
0,35
0,3
0,25
0,2
0,15
0,1
0,05

o

v v v v v v v T vt
0,25 0,5 0,75 1 1,25 1,5 1,75

3-rasm.Kompleksning optik zichligining qo‘shilgan MTK hajmiga bog‘liqligi.
Yugqoridagi tahlil natijalaridan xulosa qilib 50 mkg Fe+3 ionini to‘liq reaksiyaga kirishishi uchun 0,05%li MTKdan 1 ml yetarli
bo‘ldi.Keyingi tahlil jarayonlarida xuddi shu hajmdan foydalanildi.
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4-rasm.Immobillangan MTKning Fé**” ‘i‘oni bilan hosil gilgan kompleksi.
1-MTK spektri(Zma=436nm) ; 2- Fe*® ioni kompleksi (Amax=615nm)
Xulosa va takliflar. Temir (I11) ionini sorbsion-spektrofotometrik anliglash uchun metil timol ko‘ki analitik reagent sifatida tavsiya etiladi.

Metil timol ko‘ki reagentining immobillash uchun maqbul sharoitlari, maksimal nur yutish spektri aniqlandi. Immobillangan metil timol ko‘kining
desrobsiya jarayoni va uning vaqt bilan bog‘liqligi va kompleks optik zichligining qo‘shilgan reagent miqdoriga bog‘ligligi o‘rganildi.
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SEPARATION OF NICKEL SALTS FROM USED Reformax-67, GIAP-16 CATALYST
Annotation

The article examines the effects of temperature, catalyst fineness, solid-to-liquid ratio, the effect of different acids, and the influence of catalyst
calcination time, mixing speed, washing temperature, and The influence of washing rate, concentration of acids was studied and dedicated to the
recycling of extracted nickel oxide. In order to clean the solutions from aluminum and chromium ions, nickel carbonate was precipitated with
sodium carbonate. A 170-180 g/1 solution of sodium carbonate was added to nickel nitrate and sulfate solutions at 70 °C with little mixing until the
pH was 6.5-7. In this case, nickel carbonate salt was formed in the precipitate and was separated on a filter, washed in distilled water and dried at
120-130 °C. According to the results of the experiments, no turbidity was formed in the aqueous mixture of nickel carbonate, indicating the remains
of Al and Cr. By heating nickel carbonate at 300-350 °C, nickel oxide was obtained.

Key words: nickel, used catalyst, nitrate, sulfate, carbonate. Rhenium, palladium, platinum, Reformax - 210, Reformax - 330, R - 67, natural gas,
reforming.

BBIJIEJIEHUE COJIEN HUKEJISA U3 UCITOJIb30BAHHOT'O KATAJIM3ATOPA REFORMAX-67, GIAP-16
AHHOTaIUsS

B craTbe paccMOTPEHO BIMSHHE TeMIIEPATypPhl, KPYIHOCTH KaTaIM3aTOpPa, COOTHOLICHHS TBEPAOH U XUAKOH (a3, BIUSHUE Pa3INYHBIX KHCIIOT, a
TaKoKe BIUSHIE BpEMEHH IIPOKAIMBAaHUs KaTalu3aTopa, CKOPOCTH IIepEMEIINBAHNU, TEMIIEPATypPhl IPOMBIBKH, a TAKXKE U3YUEHO BIHAHHE CKOPOCTH
IPOMBIBKHY, KOHIIEHTPAIIMU KUCIIOT. M TOCBSIIEH IepepadoTKe N3BJIEYEHHOTO OKCHAA HHUKEIs. JIJIsI OYUCTKH pacTBOPOB OT HOHOB ATIOMHHHS U
XpoMa KapOOHAT HUKes ocaxkaanu kapbonatom Hatpus. K pactBopam Hutparta u cynbdara aukess npu 70 °C npu HeOONBIIOM HepeMeIIHBAHIN
1100aBIIsIM pacTBOp KapOoHaTa HaTpus KoHueHTpauueit 170-180 r/n no nocrwkenus pH 6,5-7. IIpu 3ToMm B ocazke 00pa3oBbIBajiach KapOOHATHAS
COJIb HHKEIs, KOTOPYI0 OTHe/LUIM Ha (UIbTpE, NMPOMBIBAIN AWUCTHLIMPOBAaHHOW Bomod u cymmmm npu 120-130 °C. Ilo pesynbratam
SKCIEPUMEHTOB B BOJIHOM cMecH KapOOHaTa HUKEIs He 00pa30Bajioch MIOMYTHEHUS, YTO CBUAETENbCTBYET 00 octaTkax Al u Cr. IIpu HarpeBanun
kapOoHara Hukess npu 300-350 °C ObLT MONTYYEeH OKCHJ] HUKEJIS.

KioueBble c;10Ba: HUKEIb, HCIIONB3YEMBIH KaTaln3aTop, HUTpaT, Cyibdat, kapOooHat. Pernii, mamraauii, matuaa, Pepopmakc-210, Pedopmaxc-
330, P-67, npupoHblii ra3, puhopMHUHT.

ISHLATILIB BO‘LINGAN REFORMAX-67, GIAP-16 KATALIZATORIDAN NIKEL TUZLARINI AJRATIB OLISH
Annotatsiya

Magqola sanoatda ishlatib bo‘lingan katalizatorlardan nikelni 90% dan yuqori tozalikdagi nikelni ajratib olishning optimal sharoitlarini tanlash uchun
haroratning, katalizatorning maydalanganlik darajasi, gattiq va suyuglik nisbati, turli kislotalar ta’siri va katalizatorlarning kuydirish vaqtining
ta’siri, aralashtirish tezligi, yuvish harorati va yuvish tezligi, kislotalarning konsentratsiyasiga ta’siri o‘rganilgan. Eritmalarni alyuminiy va xrom
ionlaridan tozalash magsadida nikel karbonatini natriy karbonati bilan cho‘ktirildi. Natriy karbonatining 170 — 180 g/1 eritmasi nikelning 70 °C li
nitrat va sulfat eritmalariga 0z — 0z migdorda aralashtirib turilgan holatda, pH 6,5 — 7 bo‘lguncha qo‘shildi. Bunda cho‘kmada nikel karbonati tuzi
hosil bo‘ldi va filtrda ajratib olinib, distillangan suvda yuvilib 120 — 130 °C da quritildi. Tajribalar natijalariga binoan nikel karbonatining suvli
aralashmasida Al va Cr qoldiglarini ko‘rsatuvchi loyqa hosil bo‘lmadi. Nikel karbonatini 300 — 350 °C da toblab, nikel oksidi olindi.

Kalit so‘zlar: nikel, ishlatilgan katalizator, nitrat, sulfat, karbonat. Reniy, palladiy, platina, Reformax — 210, Reformax — 330, R — 67, GIAP — 16,
tabiiy gaz, reforming.

Tabiiy gazni birlamchi riformingida ishlatilgan GIAP — 16, R — 67, Reformax — 330 markali katalizatorlardan nikelni ajratib olish.
Quyidagi jadvalda sanoatda ishlatib bo‘lingan GIAP — 16 va R — 67 katalizatorlarining tarkibi keltirilgan.
Jadval 1.
Ishlatilgan katalizatorlar tarkibi *

Ne Komponentla, % mass. GIAP — 16 R-67

1. NiO 21,6 -26 15,7 — 16,69

2. Al,03 65,0 - 68,8 61,65

3. Ca0 0,15-0,21 -

4. MgO 0,09-1,08 21,6
Qo ‘shimcha moddalar, %

5. Fe 0,2 0,13

6. Cu 0,24 0,16

7. Zn 0,75 0,4

8. Na 2,5 2,75

9. K 5,0 50

10. Cr 0,05

*Tahlillar “Maksam — Chirchiq” AJ markaziy laboratoriyasida bajarilgan.

Ishlatilgan katalizatorlardan nikelni ajratib olish gidrometallurgiya usuli bilan azot kislotasining 5 — 40 % li eritmalari yordamida 100 —
105 °C da, 4 — 6 soat davomida olib borildi. Ishlatilgan katalizatorlarning 2 — 3 mm li fraksiyalarini azot kislotasida gayta ishlangach erimay qolgan
goldig filtrlab ajratib olindi, yuvilmasdan 100 — 110 °C da quritildi. Filtrat va erimay golgan goldiq tarkiblari kompleksometrik titrlash usuli bilan
aniqlandi. Erimay qolgan qoldiq tarkibidagi eritmaga o‘tmagan nikelni ajratib olish uchun uni 5 % li azot kislotasi bilan qaytadan ishlov berildi.

Natijalar 6 — jadvalda umumlashtirilgan.

Jadval 2.
Ishlatilgan GIAP — 16 va R — 67 markali katalizatorlardan nikelni gidrometallurgiya usuli bilan ajratib olish natijalari
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t=100-110°C.
GIAP — 16 R-67 Eslatma
Ko‘rsatgichlar Ne 1 No 2 Ne 3 Ne 4 Nos Ne 6 Ne 7 Ne 8
HNOs, % mass 30 40 40 30 30 40 30 40 259 GIAP— 16
Katalizator massasi, g 25 25 25 25 25 25 25 25 dagi NiO ning
Erimay qolgan qoldig | 12,96 | 13,83 | 132 12,6 20 22,9 20,0 20,2 miqdori- 5,4
massasi, g p.
Eritish vaqti, soat 6 6 4 4 6 6 4 4 25 p R - 67
Filtratdagi NiO, g 432 41 3,55 2,80 2,86 2,2 2,65 2,67 dagi NiO ning
Qoldigdagi NiO, g 0,71 0,82 0,79 0,90 0,96 0,88 0,80 1,31 miqdori- 3,93
Ajratib olish darajasi, % 80,0 75,9 65,7 51,8 72,8 56,0 67,4 680 | ¥

Jadvalda keltirilgan natijalardan ko‘rinib turibdiki GIAP — 16 ishlatilgan katalizatordan 100 — 110 ° C da 6 soat davomida 30 — 40 % li
azot kislotasi bilan 75,9 — 80 % NiO ni eritmaga o‘tkazish mumkin. Bunda qoldiq tarkibida 13,15 — 15,18 % gacha NiO qgoladi. Erimay golgan
goldiq tarkibidagi NiO ni ajratib olish magsadida uni 5 % azot kislotasi eritmasida 100 — 110 ° C haroratda 2 soat davomida gayta ishlanganda
umumiy ajratib olish darajasi 100 % ni tashkil giladi. Bundan shunday xulosa chigarish mumkinki, erimay qolgan katalizator mayda g‘ovaklaridagi
NiO suyultirilgan kislotaga to‘laroq o‘tadi. Buning sabablaridan biri suyultirilgan kislotaning yopishqoqligi (vyazkost) kichik bo‘lgani sabab
diffuziya jarayoni to‘laroq boradi. Azot kislotasining konsentratsiyasi 10; 15; 30 % li eritmalari bilan qayta ishlangandagi NiO ni eritmaga o‘tish
darajasini kislota migdori bilan o‘zgarishi o‘rganildi. 30 % li kislotaning katalizatorga nisbatan miqdori 1,5 dan 2,5 gacha o‘zgarganda NiO ni
eritmaga ajralib chiqish darajasi 70,8 dan 99,2 % gacha ko‘tarildi.R — 67 katalizatorlarini 30 va 40 % li azot kislotasi bilan gayta ishlanganda NiO
ning ajratib olish darajasi 56,0 % dan 72,8 % gacha o°‘zgarishi kuzatildi. Nikel oksidini nikel nitrati ko‘rinishida eritmaga o‘tishining azot kislotasi
miqdori bilan o‘zgarishi natijalari 3— jadvalda keltirilgan.

NiO ning azot kislotasi bilan ta’sirlashishi reaksiyasiga binoan

NiO + 2HNOj3 = Ni(NOs),

10 g katalizatorga sarf bo‘ladigan 1,31 g/sm® zichlikdagi azot kislotasining o‘rtacha stexeometrik miqdori va tajribalarda qo‘llanilgan
miqdori quyidagicha:

Jadval 3.
Kislota konsentrasiyasi, mass % | GIAP — 16, sm® R-67,sm®
stexiomet. tajribada stexiomet. tajribada
5 - 4,15 70
10 30,53 70 20,76 70
15 20,38 70 13,82 80
30 10,17 15 6,95 25

Nikel oksidini katalizatordan ajratib olish darajasi azot kislotasi konsentratsiyasi, tajriba uchun ishlatilgan migdoriga va qoldigni yuvishga
sarf bo‘lgan suvning miqdoriga bog‘liq ravishda o‘zgarishi natijalari 4 — jadvalda keltirilgan.

Jadval 4.
Ishlatilgan katalizatordan nikel oksidini ajratib olish darajasining o‘zgarishi.
GIAP - 16 R-67
Ko‘rsatgichlar Ne 1 No 2 Ne 3 Ne 4 Ne5 Ne 6 Ne 7 Ne 8 Ne 9
HNO;, % massa 10 15 30 30 30 15 10 15 5
Katalizator migdori,g 10 10 10 10 8,8 10 10 10 10
Kislota sarfi, sm® 70 70 15 25 40 80 70 70 70
Filtrat va yuvishga ketgan suv | 81 82 87 105 120 119 82 80 95
hajmi, sm*
Filtratdagi NiO, g 2,07 2,09 1,84 2,58 2,24 2,59 1,34 1,42 1,09
Ajratib olish darajasi, % 79,6 80,3 70,8 99,2 97,8 99,6 80,2 85,0 65,3
Vaqt sarfi, soat 4 4 6 6 6 6 4 4 4

Xulosa va takliflar.Keltirilgan natijalardan ko‘rinib turibdiki, ishlatilgan GIAP — 16 va R — 67 katalizatorlaridan nikelni ajratib olish
darajasi azot kislotasining konsentratsiyasi, sarfi, yuvishga sarf bo‘lgan suvning miqdoriga bog‘liq ravishda 99,2 — 99,6 % gacha bo‘lishi mumkin.
Ishlatilgan GIAP — 16 va R — 67 katalizatorlaridan nikelni ajratib olish jarayonida ularning tarkiblarida bo‘lgan Al,O3, CaO, MgO larning eritmaga
o‘tishi ham o‘rganildi. Bunda 25 g katalizatorni qayta ishlaganda eritmaga GIAP — 16 dan 0,02 — 0,04 %, R — 67 dan esa 0,007 % gacha Al,O,
eritmaga o°tib, qolgani qoldiqda qolishi ko‘rindi. Magniy oksidi o‘rganilgan texnologik parametrlarda eritmaga o‘tmadi, kalsiy oksidi esa GIAP —
16 dan 0,61 — 1,12 % eritmaga o‘tib, qolgani qoldiqda qolishi kuzatildi.

Shunday qilib tadgiqotlar natijasida quyidagi xulosalarga kelindi:

1. Ishlatilgan GIAP — 16 va R — 67 katalizatorlaridan nikelni azot kislotasi bilan gidrometallurgiya usuli bilan ajratib olish mumkin.

2. Ajratib olish jarayonining optimal sharoitlari: azot kislotasining konsentratsiyasi — 15 — 30 % mass; harorat 100 — 105 ° C; vaqt — 6 soat.

3. Yugqoridagi optimal sharoitlarda bir marta eritilganda GIAP — 16 dan 97,8 %, R — 67 dan 85 % nikelni ajratib olish mumkin.

4. Qoldigni 5 % azot kislotasi bilan gayta ishlatganda GIAP — 16 dagi NiO ni to‘laligicha ajratib olish mumkin.
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KIMYOVIY EKOLOGIYA KURSIDA «YASHIL KIMYO PRINSIPLARI»NI O‘QITISH*
(* - magolaning 1-qismi O‘zMU xabarlari jurnalining 2024 yil 3/1 sonida keltirilgan)
Annotasiya
Magqolada Tabiiy fiziologik faol birikmalar kimyosi yo‘nalishi uchun ishlab chigilgan yangi o‘quv kursi — Kimyoviy ekologiya kursida “yashil
kimyo” prinsiplarini o‘qitishning o‘ziga xos taraflari, uslubiy yondoshishlari, ushbu prinsiplarning mazmuni va ahamiyati ko‘rib chigilgan.
Kalit so‘zlar: yashil kimyo, yashil kimyo prinsiplari, kimyoviy ekologiya, atrof-muhitning ifloslanishi, atrof-muhit muhofazasi, xom ashyo
zahiralari, biotexnologiya, kimyo sanoati, pestisidlar, fosfororganik birikmalar.

TEACHING “PRINCIPLES OF GREEN CHEMISTRY” IN THE COURSE OF CHEMICAL ECOLOGY
Annotation
The article discusses specific aspects, methodological approaches, content and significance of the principles of “Green Chemistry” in a new
educational course Chemical ecology, developed for the field of chemistry of natural physiologically active compounds.
Key words: green chemistry, principles of green chemistry, chemical ecology, environmental pollution, environmental protection, raw materials,
biotechnology, chemical industry, pesticides, organophosphorus compounds.

MPEINOJABAHME “IPUHIIMIIOB 3EJIEHON XUMHH” B KYPCE XUMHUYECKAS SKOJIOI AsT
AHHOTaIUA
B crathe paccMaTpUBaOTCS KOHKPETHBIE ACTICKTHI, METOMYECKHE TTOIXOMABI, COACPIKAHNE U 3HAYCHHE MPUHLUIIOB «3€JICHOH XHMHN» B HOBOM
yueOHOM Kypce XHUMHUECKasi SKOJIOTHsI, pa3pabOTaHHOM JJisi 00pa30BaTENbHOrO HANPABJICHHUS XUMHUS MPUPOIHBIX (PU3HOTIOTHYECKH aKTUBHBIX
COEIMHEHHIA.
KaioueBble cj10Ba: 3eNeHast XUMUSL, IPHHIUIIB 3€ICHON XUMUH, XUMUYECKast 9KOJIOTHsI, 3arPA3HEHNE OKPYKAIOIIEeH Cpe/Ibl, OXpaHa OKPYKaroLIei
Cpe/ibl, CHIPbEBBIC PECYPChI, OMOTEXHOJIOTHS, XUMUYECKask IIPOMBIIUICHHOCTb, MIECTULHABI, (OCHOpOpraHuYecKrue COSTUHEHHS.

“Yashil kimyo” jarayonlarida kataliz va erituvchilar. Kimyoviy jarayonlarda erituvchilar asosiy ifloslantiruvchilar (80-90%)
hisoblanadi. Neft'ni gayta ishlash natijasida olingan oddiy organik erituvchilar toksik moddalar bo‘lib, atrof-muhitga, inson salomatligiga va
xavfsizlikka zarar o‘tkazadi. Organik sintezda qo‘llanishi mumkin bo‘lgan “yashil” erituvchilar biologik parchalanishga moyil, zaharliligi past,
qaynash temperaturasi yuqori, oson gayta ishlanadigan va suv bilan aralashmaydigan moddalar bo‘lishi kerak. Suv, ionli suyuqliklar (IS),
polietilenglikollar va ba'zi superkritik suyugliklar - superkritik flyuidlar (SKF) “yashil kimyo” jarayonlari uchun eng mos moddalardir. Shu asnoda
zaharsiz va biologik parchalanuvchi modda — gliserin “yashil organik sintez” uchun juda mos keladi va ba'zan “organik suv” deb ataladi.
Gliserinning qulay xossalari: biologik parchalana olishi, narxining pastligi, bug‘lari bosimining pastligi, qaynash temperaturasining yuqori
ekanligidir. Bundan tashqari, gliserin alifatik uglevodorodlar bilan aralashmaydi, yuqori darajada qutblilikka ega, vodorod bog‘larini hosil gila
oladi, organik va noorganik moddalarni yaxshi eritadi [1].

Superkritik suyugqliklar, superkritik flyuidlar (SKF) yoki “yashil” erituvchilar. Yashil kimyoning yo‘nalishlaridan biri erituvchilarni
almashtirish bilan bog‘liq. fAmmn Kimyoviy jarayonlarda erituvchi sifatida suv, biologik parchalanuvchi “yashil erituvchilar”, ionli suyugqliklar
(past temperaturalarda suyuglanuvchi tuzlar), superkritik suyugliklar (deyarli suyuglik holatigacha sigilgan gazlar) ishlatiladi.

Superkritik suyuqliklardan foydalanish ko‘pincha uchuvchan organik erituvchilarni almashtirish bo‘yicha va yangi, toza texnologiyalarni
ta'minlovchi yashil kimyodagi muhim strategiya kabi ta'kidlanadi. Hozirgi davrda gariyb 20 yildan beri superkritik suyugliklar yordamida tabiiy
birikmalarni turli masshtablarda ajratib olish bo‘yicha klassik misollar mavjud. Ushbu misollarning ko‘pchiligida qattiq substratlarga superkritik
CO; ta'sir ettirilishi natijasida kutilgan mahsulotni olish yoki keraksiz qo‘shimcha moddalarni yo‘qotish kuzatiladi. Kimyoviy reaksiyalarda
superkritik CO, reagentlarning erituvchisi yoki katalizator vazifasini bajarib, ularning ta'sir etishini osonlashtiradi [2].

Cuperkritik holatda moddalar alohida o‘ziga xos xususiyatlarni -suyuglikning erituvchanlik xususiyatini va gazning yuqori kiruvchanlik
xususiyatlarini namoyon qiladi. Ushbu xususiyatlarning birgalikda jamlanishi superkritik suyuqliklarni ko‘pchilik texnologik jarayonlarda samarali
erituvchi sifatida qo‘llanilishini, inson va tabiat uchun havfli bo‘lgan organik erituvchilarni xavfsiz superkritik erituvchilarga almashtirilishini
ta'minlaydi.Ekologik toza erituvchilar orasida yonmaydigan, zaharli bo‘lmagan superkritik CO, (scCO;) polimerlar sintezida yaxshi al'ternativ
erituvchi sifatida anchadan beri ma'lum [3]. Eng ko‘p tarqalgan va ekologik xavfsiz moddalalardan biri bo‘lgan suvni superkritik xolatga o‘tkazish
ancha giyin, chunki uning kritik nuqtasi parametrlari juda katta: Ty, = 374°C, Py = 220 atm. Zamonaviy texnologiyalar bunday ko‘rsatkichlarga
javob bera oluvchi qurilmalarni yaratish imkonini beradi, birog, bunday temperatura va bosim diapazonlarida ishlash bir muncha giyin kechadi.
Superkritik suv deyarli barcha organik moddalarni (ko‘rsatilgan temperaturada parchalanib ketmaydigan moddalarni) erita oladi. Superkritik suvga
kislorod qo‘shilganda u juda kuchli oksidlovchi muhitga aylanadi: har qanday organik modda bunday muhitda bir necha minut davomida H,O va
CO; ga aylanadi. Hozirgi vaqtda kimyogarlar ushbu usul yordamida maishiy chigindilarni, eng avvalo plastik idishlarni gayta ishlash ustida
tadgiqotlar olib bormoqgdalar [4].

Superkritik CO; ning erituvchanlik qobiliyati geksanning erituvchanligiga o‘xshashdir, va mana shu xossasi tufayli oziq-ovgat sanoatida
qo‘llanadi. Masalan, yashil kofe donalaridan kofeinni ajratib olish uchun scCO; ishlatiladi. Ushbu jarayon yordamida katta masshtablarda kofein
ajratib olinadi. Bunda fagat kofeinni ekstraksiya qgilib, boshga aromatik komponentlar xom ashyo tarkibida saglanib goladi, erituvchi esa o‘zidan
hech qanday iz qoldirmaydi. Shunga o‘xshash texnologiyalar pivo ishlab chigarilishida oddiy qulmoqni (xmel') ekstraksiya qilishda, tamakidan
nikotinni ekstraksiya qilib ajratib olishda, hamda parfyumeriya sanoatida turli aromatik birikmalarni ekstraksiya gilishda qo‘llanadi. Hozirgi davrda
organik erituvchilarni boshga sohalarda ham scCO, ga almashtirish borasida tadgiqgotchilarning urinishlari sezilarli darajada ortgan. An‘anaviy
organik erituvchilardan foydalanish borgan sari gimmatlashmoqda, scCO, ni qo‘llash esa nafaqat ekologik jihatdan toza, balki samaraliroqdir.

Superkritik erituvchilar qo‘llanadigan texnologiyalar yangi materiallar sintezida, ekstraksiya, tozalash, fraksiyalash, polimerizasiya,
gidrotermal reaksiyalar, materiallarga qoplamalarni surtish, biomassani qayta ishlash, bo‘yash va boshqa jarayonlarda erituvchi talab gilinmaydigan
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muhitni yaratib, shuningdek jarayonning oddiyligi va qayta foydalanish imkoniyatini, yugori unum, ogava suvlarning va ikkilamchi ifloslantiruvchi
moddalarning hosil bo‘lmasligini ta'minlab bermogqda [5].

Superkritik erituvchilarning kimyoviy texnologiyada ishlatilishining afzalliklari quyidagilardan iborat [6]:

Ekologik ahamiyati. Atrof-muhit barqarorligiga erishish unga bo‘ladigan ta'sirlarning minimizasiyasidan boshlanadi, va superkritik
suyugliklar ushbu aspekta eng yaxshi erituvchilar hisoblanadi. Galogenuglevodorodlar yoki uchuvchan organik birikmalardan fargli ravishda
superkritik suyugliklar toksik emasligi, yonuvchan emasligi bilan ajralib turadi. Ularning ushbu xususiyatlari inson salomatligiga salbiy ta'sir va
atrof-muhit ifloslanishi xavflarini mustasno etadi. Bundan tashqari, superkritik suyugliklarning erituvchanlik xususiyati juda yugori bo‘lib, ushbu
jarayonlarda zararli chigindilar hosil bo‘lmaydi.

Uglerod izining qisqartirilishi. “Yashil” erituvchilarning alohida xususiyatlaridan biri atrof-muhitga uglerod saglovchi chigindilar
chiqgarilishining kamaytirilishi va energiya sarfining gisqartirilishidir. Superkritik suyugliklar turli jarayonlarda gayta ishlovdan so‘ng yana ishlatish
uchun jarayonga cheklanmagan vaqt davomida kiritilishi mumkin. Energiya sarfini katta hajmda talab giluvchi jarayonlarni yoki utilizasiya
usullarini talab giluvchi an'anaviy erituvchilardan fargli ravishda superkritik suyuqliklar yopiq sikl bo‘yicha ishlatilib, chigindilar hosil bo‘lishini
ahamiyatli darajada kamayishiga va energiya sarfining gisqartilishiga olib keladi.

Qo‘llash sohalarining universalligi. Superkritik suyuqliklar sanoatning turli sohalarida qo‘llanishi mumkin: farmasevtikadan tortib to ozig-
ovgat sanoatigacha. Farasevtika sanoatida superkritik suyuqglik flyuid ekstraksiyasi usuli (SCFE) tabiiy birikmalarni ajratib olishda, tozalashda va
dori vvositalarini yetkazish sistemalarida ishlatiladi. Analogik tarzda ozig-ovgat sanoatida superkritik SO2 dekofeinizasiyada, aromatizator va hid
beruvchchi moddalarni ajratib olishda, hamda qo‘shimcha moddalarni yo‘qqotishda ishlatiladi.

Yuqori selektivlik va samaradorlik. Superkritik suyugliklarning tayanch afzalliklaridan biri ularning ekstraksiya jarayonlarida yuqori
selektivlik qobiliyatidir. Temperatura, bosim va tarkib kabi parametrlarning nozik sozlanishi tufayli ishlab chigarish jarayonlarida alohida olingan
moddalarni ajratib olish mumkin, va shu bilan ekstraksiyaning samaradorligi va sofligiga erishish mumkin. Bunday selektivlik jarayonlar
mobaynidagi qayta ishlash operatsiyalarini minimumga olib keladi, bu esa 0‘z navbatida sarf-xarajatlar igtisodiga va jarayonning bargarorligiga
olib keladi.

Suvsiz jarayonlar. Ko‘pchilik sanoat jarayonlarida suv erituvchi yoki qayta ishlash muhiti sifatida xizmat giladi. Bu suvning katta sarfiga
va oqava suvlar hosil bo‘lishiga olib keladi. Superkritik suyuqliklar yordamida suvsiz kimyoviy jarayonlarni o‘tkazish va imkoni ochiladi. Bu esa
suvning katta hajmda sarf etilishi va ogava suvlarni tozalash zaruratining oldini oladi. Masalan, kannabis moyini ekstraksiya gilib ajratib olish,
ekstraksion xromatografiya kabi jarayonlarni olib borish bargaror yechimlarni ta'minlab beradiki, ular suvni igtisod gilish va atrof-muhit
muhofazasi prinsiplariga mos keladi.

Yashil kimyo prinsiplariga mos kelish. Yashil kimyo prinsiplarini hayotga joriy etish bargaror sanoat jarayonlariga erishishda birinchi
darajali ahamiyat kasb etadi. Shu asnoda superkritik suyugliklar yashil kimyo prinsiplariga uzviy ravishda mos keladi. Bu chigindilar hosil
bo‘lishining minimallashiuvida, qayta tiklanuvchi resurslarning ishlatilishida va jarayonlarning samaradorligida oz aksini topadi. Bundan tashqari,
superkritik suyuqliklarning yumshoq sharoitlarda qo‘llanishi temperaturaga sezgir birikmalarning saqlanib qolishiga va pirovardida energiya
sarfining gisqartirilishiga, ekologik toza materiallardan foydalanishga olib keladi.

Normativ goidalarning amal gilishi va iste'molchilarning talablari. Qattiq normativ qoidalar va iste'molchilar xabardorligi darajasining
ortishi bilan belgilangan hozirgi davrda ishlab chigarish korxonalaridan ekologik xavfsiz, toza jarayonlarni olib borish talab gilinmoqda. “Yashil”
erituvchilardan foydalanish ishlab chiqarish korxonalarining o‘z “brend”i reputasiyasini yaxshilashga, raqobatbardoshligining ortishiga va atrof-
muhit muhofazasi masalalariga o‘z ulushini kiritishga olib keladi.

Igtisodiy samaradorlik va uzog muddatli igtisod. Superkritik texnologiyalarga kiritiladigan dastlabki investisiyalar qo‘rqinchli bo‘lib
tuyulsa ham, uzoq muddatli foyda xarajatlardan ko‘proq bo‘lishi kutiladi. Kimyoviy jarayonlarni optimallashtirish, chigindilar migdorini
kamaytirish natijasida superkiritik suyuqliklar vaqt o‘tgan sari energiyaning ahamiyatli darajada iqtisodini ta'minlab beradi. Bundan tashqari,
surenkritik texnologiyalarning universalligi ulardan mul'tifunksional foydalanishni ta'minlaydi, bu esa kimyoviy korxonalarga resurslardan optimal
foydalanish va investision xarajatlarni maksimal qoplash imkoniyatini beradi.

lonli suyugliklar. “Yashil kimyo” maqsadlari uchun suvdan keyingi o‘rinda turuvchi yaxshi erituvchilar - ionli suyugliklardir. lonli
suyugliklar fagat ionlardan iborat bo‘lgan suyugliklardir. Ushbu tushunchani keng ma'noda keltirsak, ionli suyugliklar — har ganday suyuglanma
(rasplav) tuzlardir. Hozirgi davrda “ionli suyuqlik” termini ostida ko‘pincha suyuqlanish temperaturasi suvning qaynash temperaturasidan past
bo‘lgan, ya'ni 100°C dan past bo‘lgan tuzlar nazarda tutiladi, xususan, xona temperaturasida suyuqlanuvchi tuzlar shular jumlasidandir, ularni
«RTIL» yoki «Room-Temperature lonic Liquids» deb nomlash qabul qilingan. Ionli suyuqliklar tarkibiga ko‘pincha [PFg],, [BF4s], [CFsSO5],
tozilat, alkilsul'fat, [CH;COO], NOy,, CI" kiradi, alkil zanjirlari sifatida esa etil, butil, geksil, oktil va desil radikallari ishtirok etadi.

lonli suyugliklarning molekulalari klassik ionli birikmalarga nisbatan ancha past simmetriyaga ega. Molekulalari o‘rtasida vodorod
bog‘lari ishtirok etuvchi suvdan, van-der-vaal's kuchlari ishtirok etuvchi organik erituvchilardan farqli ravishda ionli suyuqgliklarda kulon o‘zaro
ta'sirlari asosiy hisoblanadi.

lonli suyugliklarning klassifikasiyasi. lonli suyugliklar sirasiga keng spektrdagi moddalar kiritiladi, shuning uchun ularni klassifikasiya
qilish masalasi qiyinchilik tug‘diradi [7]. Shunday bo‘lishiga qaramasdan, ionli suyuqliklarni bir necha sinfga bo‘lish mumkin:

- Organik kation va noorganik aniondan tuzilgan ionli suyugliklar;

- Noorganik kation va organik aniondan tuzilgan ionli suyugliklar;

- Organik ionli suyugliklar;

- Noorganik ionli suyugliklar;

- Xiral ionli suyugliklar;
o) = =
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1-pacm. Hownau cyroxnukiap mapkubuea Kupyeuu 6av3u KamuoHiap
lonli suyuqliklar termik barqaror, elektr o‘tkazuvchan, qovushqoqligi yuqori va kuchli erituvchilar bo‘lib, bug‘larining bosimi past (~10
10 pa, 25°C da). Ularning ba'zilari magnit xususiyatiga ega, masalan, 1-butil-3-metilimidazoliy tetraxlorferrat. lonli suyugliklardan eng ko‘p
o‘rganilgani 1-butil-3-metilimidazoliy geksaftorfosfat (BMIM-PF6) — qovushqoq, rangsiz, gidrofob, suvda erimaydigan, suyuglanish temperaturasi
-8°C ga teng modda:
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2-pacm. 1-butil-3-metilimidazoliy geksaftorfosfat (BMIM-PF6)

Masalan, siklik yenonlar (1) va arilaminlarning (2) o‘zaro ta'siri natijasida 87-97% unum bilan 1-aril-2-arilamin-5-triftorasetil-1,2,3,4-
tetragidropiridinlarni (3) olish yo‘lga qo‘yilgan. Bunda reaksiyaning davomiyligi tanlangan usulga garab keng diapazonni tashkil etadi. Ayni vagtda
sintezda 1-butil-3-metilimidazoliy tetraftorboratning [BMIM, BF,4] qo‘llanilishi va jarayonning mikroto‘lqinli nurlanish ta'sirida olib borilishi
reaksiya davomiylini 1 minutgacha gisqarishiga olib keladi. Bu jarayon davomida sinergetik effekt mavjudligidan dalolat beradi [8]:

o)

o} NH,
CF {bmim}BF, | CFs
| sS4 ormET Phe.,

EtO o Solvent free H l?'

Ph
1 2 3

Kimyoviy birikmalarning ionli suyugliklarda eriy olishi vodorod bog‘larining mavjudligiga va moddaning qutbliligiga bog‘lig. lonli
suyugliklar kimyoviy jarayonlarda erituvchi vazifasini o‘tashidan tashqgari, gazlar bilan ish olib borilganda, ko‘mirni gayta ishlashda, farmasevtik
preparatlar ishlab chikarishda, yadro yoqilg‘isi va sellyulozani gayta ishlashda va boshga gator magsadlarda ishlatiladi. Hozirgi vagtga kelib 1000
ga yagin ionli suyugliklar ma'lum, jumladan ularning 300 tasi kommersiya jihatidan sotib olish mumkin bo‘lgan mahsulotlardir.

Xulosa. Shunday qilib, oxirgi yillarda e'lon gilingan adabiyotlardan foydalangan holda ishlab chigilgan “yashil kimyo” va uning
prinsiplari, “yashil kimyoning” umumiy sintez usullariga bag‘ishlangan tahliliy ma'ruza shuni ko‘rsatdiki, kimyo fanining rivojlanishi 20-asming
oxirlaridan boshlab hozirgi davrga gadar sifat jihatdan yangi bosgichga ko‘tarilgan. Kimyo va biologiya yo‘nalishlarida ta'lim olayotgan talabalar
ushbu sohada amalga oshirilayotgan tadgiqotlar, erishilgan natija va yutuglar, ularning xalg xo‘jaligining turli sohalariga gay tarzda tatbiq
etilayotgani hagida umumiy bilimga ega bo‘lishlari davr tagozosidir. Bunday bilimlarga ega bo‘lish bo‘lajak mutaxassislarning fikr doirasini, bilim
saviyasini kengaytiradi, ta'lim sifatini yugori bosgichlarga ko“taradi.
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COMPARISON OF GEOMETRICAL PARAMETERS OF BARLEY AND RYE GRAINS FOR OPTIMIZATION OF
TECHNOLOGICAL PROCESSES
Annotation

This article examines the determination and comparison of the geometric parameters of barley (hulled and hull-less) and rye grains to optimize
technological processes in the food industry. The length, width, and thickness of the grain samples were measured. Significant differences in
geometric parameters were found among the studied crops. Hulled barley has the largest grain volume due to its dense husk. Hull-less barley and
rye are characterized by smaller sizes. The geometric parameters of the grain have a significant impact on the efficiency of technological processes.
The obtained data can be used to optimize the processes of grain cleaning, sorting, and processing, which allows for an improvement in the quality
of the final product.

Key words: geometric dimensions, hulled barley, hull-less barley, rye, food industry, technological processes.

CPABHEHUE TEOMETPUYECKUX TAPAMETPOB 3EPEH SSUMEHS U P2KU U151 ONTUMU3ALIMNA TEXHOJIOTUYECKHUX
IMPOLECCOB
AHHOTaIUsS

B nanHoll cTaThe U3ydyeHBI ONpeieIeHHE U CPaBHEHHE IeOMETPUYECKUX IapaMeTpOB 3epeH suMeHs (IIEHYAaTOro U TOJ03EPHOT0) U PiKU L
ONTUMU3ALUY TEXHOJOTHIECKHX MPOLECCOB B MUIIEBOI MPOMBIIIIEHHOCTH. M3MepeHs! [UIHHA, IMMPUHA U TOIIIMHA 00pa3LoB 3epHa. BhIiBIeHbI
CYLIECTBEHHBIE PA3IN4Ms B T€OMETPUUCCKUX IapaMeTpax MEXAy W3ydaeMbIMH KylIbTypamu. [lIeHYaTslil suMeHb MMeeT HanOoNbIINi 00beM
3epHA 3a CYET IUIOTHOW 000J10uKu. [0103epHbIN TYMEHb M POXKb XaPAKTEPU3YIOTCSI MEHBIIMMHU pa3MepaMu. ['eoMeTpudeckue napamerpsl 3epHa
OKas3bIBAIOT CYIIECTBCHHOE BIUAHME Ha 3(()EKTHBHOCTh TEXHOJIOIMYECKHX MpPOLECCOoB. [1onyueHHbIC NaHHBIE MOTYT OBITh MCHOJIB30BAaHbI IS
OIITUMHU3ALIH NIPOLIECCOB OYNCTKH, COPTHPOBKH U IIepepabOTKH 3epHa, YTO II03BOJIHT HOBBICUTH KaUeCTBO KOHEYHOT'O TIPOIYKTA.

KioueBble cj10Ba: reOMETPUYECKHE Pa3MepBl, IIEHYAThIH SUYMEHb, TOJI03EPHBIH SUMEHb, POXKb, IUILEBAs IPOMBIIITIEHHOCTh, TEXHOJIOTUUECKUE
IPOIECCHL

TEXNOLOGIK JARAYONLARNI OPTIMALLASHTIRISH UCHUN ARPA VA JAVDAR DONALARINING GEOMETRIK
PARAMETRLARINI QI'YOSLASH
Annotatsiya

Ushbu maqgolada ozig-ovgat sanoatida texnologik jarayonlarni optimallashtirish uchun arpa (qobigsiz va qobigli) va javdar donlarining geometrik
parametrlarini aniqlash va tagqoslash o‘rganilgan. Don namunalarining uzunligi, eni va qalinligi o‘lchandi. O‘rganilayotgan ekinlar o‘rtasida
geometrik parametrlarda sezilarli farglar aniqlandi. Qobigli arpa zich qobiq hisobiga eng katta don hajmiga ega bo‘ladi. Qobigsiz arpa va javdar
kichikroq o‘lchamda bo‘lishi bilan xarakterlanadi. Donning geometrik parametrlari texnologik jarayonlarning samaradorligiga sezilarli ta’sir
ko‘rsatadi. Olingan ma’lumotlar donni tozalash, saralash va gayta ishlash jarayonlarini optimallashtirish uchun ishlatilishi mumkin, bu esa yakuniy
mahsulot sifatini oshirish imkonini beradi.

Kalit so‘zlar: geometrik o‘lchamlar, qobiqli arpa, qobigsiz arpa javdar, oziq-ovqat sanoati, texnologik jarayonlar.

Kirish. Donning uzunligi, kengligi, galinligi, massasi va hajmi kabi geometrik xususiyatlari 0zig-ovgat sanoatida, aynigsa, don ekinlarini
qayta ishlashda ko‘plab texnologik jarayonlarni belgilaydigan asosiy ko‘rsatkichlar hisoblanadi. Oziq-ovgat mahsulotlari va yem-xashak ishlab
chigarishda keng qo‘llaniladigan arpa, shu jumladan qobiqli va qobigsiz arpa, shuningdek javdar o‘ziga xos geometrik xususiyatlarga ega bo‘lib,
ularni texnologik uskunalarni loyihalash va ishlatishda hisobga olish zarur. Donning xossalarini o‘rganishga bag‘ishlangan ko ‘plab tadqiqotlar turli
texnologik jarayonlar uchun geometrik parametrlarning muhimligini ta’kidlaydi. Shunday qilib, [1, 2] ishlari shuni ko‘rsatadiki, turli ekinlar
donlarining o‘lchamlari va shaklining farqlanishi ularni tozalash va ajratish samaradorligiga sezilarli ta’sir ko‘rsatadi. Mualliflar [3] ta’kidlashicha,
donning geometrik xususiyatlari maydalash jarayoniga va olinadigan mahsulotning dispersligiga sezilarli ta’sir ko‘rsatadi [4, 5] ishlarida donning
geometrik parametrlarining solod ishlab chiqarishda unish jarayoniga ta‘siri o‘rganilgan. Mualliflarning ko‘rsatishicha, unib chiqish jarayonida
donning geometrik xususiyatlarining o‘zgarishi ushbu jarayonning samaradorligiga sezilarli ta’sir ko‘rsatadi. Un va yorma sanoati uchun zarur xom
ashyoni bargaror ishlab chigara oladigan arpaning yangi yuqori sifatli navlarini yaratishda eng yaxshi shakllarni aniglash tizimi muhim ahamiyat
kasb etadi. Don sifatini bosgichma-bosqich baholashning qo‘llaniladigan tizimi yangi seleksion materialni tavsiflashning ishonchli usullari va
ko‘rsatkichlarini o‘z ichiga oladi [6]. Biroq, ushbu tadqiqotning maqsadi qobiqli arpa, qobigsiz arpa va javdarning geometrik parametrlarini chuqur
tahlil qilish hamda ularning texnologik jarayonlarga ta’sirini baholashdan iborat. Bu parametrlarning donni tozalash va gayta ishlash uskunalarini
to‘g‘ri tanlashdagi ahamiyatiga alohida e‘tibor qaratiladi. Har bir don turi o‘ziga xos xususiyatlari bilan sanoat va agrar sohada muhim rol o‘ynaydi.

Qobiqli arpaning asosiy belgisi uning zich qobig‘i bilan qoplanganligi hisoblanadi. Ushbu gobiq donni namlik va zararkunandalardan
himoya giladi va turli xil iqlim sharoitlarida yaxshi saglanishini ta’minlaydi. Arpaning cho‘zinchoq shakli va uchi o‘tkirligi, shuningdek, donning
o‘lchamlari ekish sharoiti va navlariga bog‘liq ravishda o‘zgarishi aniglangan [7]. Ammo qobigni ajratish va gayta ishlash jarayonlarining
murakkabligi sababli, qobiqli arpa asosan pivo sanoati va yem sifatida qo‘llaniladi [8]. Qobigsiz arpa texnologik jihatdan yengil gayta ishlanishi
bilan ajralib turadi. Qobig‘i bo‘lmagani sababli bu don tozalash jarayonida energiya sarfini kamaytiradi. Qobigsiz arpaning shakli yumaloqroq
bo‘lib, bu uni ozig-ovqat mahsulotlari ishlab chiqarishda keng qo‘llashga imkon beradi [9]. Ammo qobiqning yo‘qligi donni tashqi ta’sirlarga
nisbatan kamrog himoyalaydi va saglash muddatini gisqartiradi [10]. Shunga garamay, gobigsiz arpa parrandachilikda yuqori sifatli yem sifatida
ishlatiladi. Arpa bilan birqgatorda eng ko’p ekiladigan boshoqli don ekinlaridan biri bo’lib javdar doni shakli cho‘zinchoq va to‘q rangda, qobig‘ining
zichligi bu donni tashgi omillarga nisbatan chidamli giladi [11]. U asosan non va unli gandolat mahsulotlari ishlab chigarishda ishlatiladi, chunki
tarkibidagi uglevodlar va ozugaviy tolalar ushbu mahsulotlarga shakl va ta’m beradi. Javdar doni sovuqqa chidamliligi bilan ham ajralib turadi, bu
esa uni qishloq xo‘jaligida muhim ekinlardan biriga aylantiradi [7].
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Ushbu tadgiqo tning dolzarbligi shundaki don mahsulotlari ishlab chiqarish sifati va samaradorligiga qo‘yiladigan talablarning ortib
borishi bilan belgilanadi. Donning geometrik parametrlari va texnologik jarayonlar o‘rtasidagi bog‘liglikni tushunish ishlab chigarish jarayonlarini
optimallashtirish, xomashyo yo‘qotilishini kamaytirish va yakuniy mahsulot sifatini oshirish imkonini beradi.

Materiallar va usullar: Tadgigotning magsadi arpa (qobigsiz va gobiqli) va javdar donlarining geometrik parametrlarini aniglash va
taggoslashdan iborat. Buning uchun Toshkent kimyo-texnologiya instituti “Oziq-ovgat va parfyumeriya-kosmetika mahsulotlari texnologiyasi
kafedrasi” laboratoriyasida tajriba sinovlarini o‘tkazdik.

Tadgigot obyekti sifatida Arpa (qobigli va qobigsiz) va javdar donlari olindi (1-rasm-b). Don namunalar aralashmalardan tozalandi va har
bir don turidan 100 tadan don tanlandi. Don namunalarini tahlil gilishda ragamli shtangensirkul va laboratoriya tahlil taxtasidan foydalanildi.
O‘Ichash metodikasida esa har bir don ketma-ket uchta parametr bo‘yicha o‘lchandi: uzunligi, kengligi va qalinligi. O‘lchashlar tahlil taxtasida
ragamli shtangensirkul (1-rasm-a) yordamida amalga oshirildi.

ragamli shtangensirkul qobigli arpa, gobigsiz arpa, javdar
1-rasm. Don tahlilida qo’llaniladigan vosita hamda material.

Natijalar va muhokama. Olingan natijalar qobiqgli arpa, qobig‘isiz arpa va javdar donlarining geometrik parametrlarida sezilarli farqlarni
ko‘rsatadi. Uzunligi: Qobiqli arpa donlari eng katta o‘rtacha uzunlikka ega bo‘ldi (10,0 mm), undan keyin javdar (6,9 mm) va gobigsiz arpa donlari
(7,9 mm) kuzatildi. Kenglik: Eng katta o‘rtacha kenglikka qobiq bilan qoplangan arpa donlari (3,6 mm), undan keyin qobigsiz arpa donlari (3,0
mm) va javdar donlari (2,2 mm) ega bo‘ldi. Qalinligi: Eng qalinlari qobiq bilan qoplangan (2,6 mm) arpa donlari, keyin javdar (2,3 mm) va qobigsiz
arpa (2,0 mm) donlari bo‘ldi. Olingan natijalar 2-rasmda keltirilgan.

e B L

Qobigsiz arpa de

B O'rtacha uzunlig M| O’rtacha er )yrtacha ga k

2- rasm. Donlarning geometrik o‘lchamlarining o’rtacha parametrlari.

Olib borilgan tadqiqotlar qobiqli arpa, qobig‘isiz arpa va javdar donlarining geometrik parametrlarini aniglash va tagqgoslash imkonini
berdi. Donni qayta ishlash korxonalarida don tozalash bo’limida donlarning o‘lcham, shakl va zichligidagi farqlar ularni begona o‘tlar, tuproq,
toshlar va boshqa yod aralashmalardan samarali ajratib olish imkonini beradi. Buning uchun turli xil elaklar, havo ajratkichlar, triyerlar va boshga
tozalash qurilmalaridan foydalaniladi. Bugungi kunda goida va normativlar asosida qobigli arpa doni va javdar doni uchun texnologik sxemalar
tuzilgan bo’lsada lekin qobigsiz arpa donlariga biron bir normativ texnologik sxemalar ishlab chigilmagan. Biz yuqoridagi bajarilgan tahlillar
ma’lumotlari asosida quyida qobigsiz arpa donlarni qayta ishlashda ishlatilishi mumkin bo’lgan texnologik sxemani tavsiya etishimiz mumkin.
Avvalambor donni gayta ishlash uchun uskunalarni loyihalashda va olingan ma’lumotlar quyidagi texnologik jarayonlarga uchun ishlatilishi
mumkin.

Elaklar donni o‘lchamiga ko‘ra ajratish uchun qo‘llaniladi. Har bir don turi uchun mos teshikli elaklar tanlanishi lozim. Elakning
samaradorligi don va aralashmalar o‘lchamlari orasidagi farqqa bog‘liq. Havo ajratkichlari dondan yengil aralashmalarni ajratib olish uchun
ishlatiladi. Havo ajratkichlarining ish samaradorligi donning zichligi va shakliga bog‘liq. Triyerlar donni turli shakldagi begona aralashmalardan
ajratish uchun qo‘llaniladi. Triyerlarning ish samaradorligi don va aralashmalarning shakli hamda o‘lchamlariga bog‘liq. Qobigli arpa uchun
donning po‘stlog‘ini olib tashlaydigan maxsus po‘stloq ajratish mashinalari ishlatiladi. Bu mashinalarning samaradorligi po‘stlogning qalinligi va
mustahkamligiga bog‘liq. [12]

O’tkazilgan tajribalarimizda donlar o’lchami turli xil daraja o0’zgarganini quyidagi 1-jadval orqali ko’rishimiz mumkin.

Bunday don o‘lchamlaridagi farqlar ko‘plab genetik va tashqi omillar bilan bog‘liq bo‘lishi mumkin. Har bir nav donning o‘lchami, shakli
va boshqa xususiyatlarini belgilaydigan o‘ziga xos genetik xususiyatlarga ega. Hatto bir nav doirasida ham tabiiy genetik o‘zgaruvchanlik tufayli
don o‘lchamlarida farqlar kuzatilishi mumkin. Duragay navlar ko‘pincha boshlang‘ich liniyalarga nisbatan bir xil va yirikroq donlarni namoyon
etadi. Harorat, namlik, yog‘ingarchilik miqdori va yorug‘lik rejimi o‘simliklarning o‘sishi va rivojlanishiga, jumladan, don hajmiga sezilarli ta’sir
ko‘rsatadi.

Donlarning geometrik o‘lchamlarining o‘zgarish parametrlari.

1-jadval
Don turi uzunligi (mm) eni (mm) qalinlik (mm)
Qobigli arpa doni 8,7-11,2 3,4-4,0 2,1-2,9
Qobigsiz arpa doni 6,8-9,1 2,6-3,5 18-2,4
Javdar 6,0-8,3 18-2,7 1,9-25

Tuproq turi, uning unumdorligi, pH darajasi va o0ziq moddalarning mavjudligi donning o‘lchami va sifatiga to‘g‘ridan-to‘g‘ri ta’sir qiladi
[13]. Ozig moddalarning yetishmasligi yoki ortigchaligi donning rivojlanishida chetlanishlarga olib kelishi mumkin. O‘simliklarning
zararkunandalar va kasalliklar bilan zararlanishi donning hajmi va sifatiga salbiy ta’sir ko‘rsatishi mumkin. Haddan tashqari zich ekish donning
maydalanishiga olib kelishi mumkin. Erta yoki kech ekish muddatlari o‘sish davrining davomiyligiga va shunga mos ravishda don hajmiga ta‘sir
qilishi mumkin. Sug‘orish tartibi hosilni shakllantirishda muhim ahamiyatga ega. Namlikning yetishmasligi yoki ortiqchaligi don o‘Ichamlarining
kichrayishiga olib kelishi mumkin. Noto‘g‘ri quritish don sifatining yomonlashishiga, shu jumladan uning o‘lchamlarining kichrayishiga olib
kelishi mumkin. Saqlash shartlariga rioya qilmaslik namlikning yo‘qolishiga va donning qurib qolishiga olib kelishi mumkin. Yetilishning turli
davrlarida yig‘ilgan donlar o‘lchamiga ko‘ra farqlanishi mumkin. Boshoqdagi donning joylashuvi boshoqning yuqori yoki pastki qismida
joylashgan donlar o‘lchami jihatidan farq qilishi mumkin.

Don geometrik parametrlari yakuniy mahsulot sifatiga sezilarli darajada ta‘sir ko‘rsatadi. Misol uchun, bir xil bo‘lmagan geometrik
parametrlarga ega bo‘lgan dondan un ishlab chigarilganda, olingan un mahsulotida bir xil bo‘lmagan tarkib va sifatga ega bo‘lishsiga olib keladi.
Bu esa non-bulka va unli ganolat mahsulotlari sifatining pasayishiga olib kelishi mumkin.
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Xulosa va takliflar. Donning geometrik parametrlari tozalash, saralash, maydalash va boshga texnologik jarayonlarning samaradorligiga

sezilarli ta“sir ko‘rsatadi. Donning geometrik xususiyatlarini bilish uskunaning ishlashini optimallashtirish va xomashyo yo*‘qotilishini kamaytirish
imkonini beradi. Olingan natijalardan donni gayta ishlashning yangi texnologik sxemalarini ishlab chigishda foydalanish mumkin. Donning
geometrik parametrlari va uning texnologik xususiyatlari o‘rtasidagi bog‘liglikni yanada chuqurrog tushunish uchun keyingi tadgigotlar zarur.
Texnologik jihozlarni loyihalash va optimallashtirishda olingan ma’lumotlar donni tozalash, saralash va qayta ishlash uchun yanada samarali
mashinalarni yaratish imkonini beradi.
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SPECTROSCOPIC METHODS FOR STUDYING THE STRUCTURE OF NEW COMPOUNDS DERIVED FROM MENTHOL AND
CERTAIN AMINO ACIDS
Annotation
This article describes the synthesis conditions of new compounds of menthol with certain amino acids. The physical and chemical constants of the
obtained compounds are presented. The results show that the new compounds differ in appearance, physical state, and melting points.
Key words: menthol, serine, proline, leucine, physicochemical constants, IR spectrum, phenylalanine.

CIHEKTPOCKOINMNYECKHUE METO/IbI UCCJIEJOBAHUS CTPYKTYPBI HOBBIX COEJUHEHUI MEHTOJIA C
HEKOTOPBIMU AMUHOKHUCJIOTAMHU
AHHOTaIUA
B nanHO#i cTaThe ONMCAHBI YCIOBHS CHHTE3a HOBBIX COSIMHEHHI MEHTONA ¢ HEKOTOPHIMH aMHHOKUCIOTaMu. [IpuBeneHsl HH3UKO-XUMHIECKHE
KOHCTAHTBHI MOJTyYSHHBIX HOBBIX COCIMHEHUIl. Pe3yIbTaThl MOKa3bIBAIOT, YTO HOBBIC COCAMHEHUS PA3JIMYAlOTCS 110 BHEITHEMY BHY, arperaTHOMY
COCTOSIHUIO U TEMIIEpPaType MIaBICHUSL.
KuaioueBble ¢J10Ba: MEHTOI, CEPUH, MPOJIUH, TeHIHH, HDH3UKO-XUMHUIeCKHe KOHCTaHThI, UK-criekTp, heHmnmananus.

MENTHOL VA AYRIM AMINOKISLOTALARDAN OLINGAN YANGI BIRIKMALARNING TUZILISHINI TADQIQ
QILISHNING SPEKTROSKOPIK USULLARI
Annatosiya
Ushbu maqolada mentolning ba’zi bir aminokislotalar bilan yangi hosilalarini sintez gilish sharoitlari, olingan yangi birikmalarning fizik kimyoviy
konstantalari keltirilgan. Olingan natijalar shuni ko’rsatadiki yangi birikmalar tashqi ko’rinishi, agregat holatlari va suyuglanish temperaturalari
bilan farqg giladi.
Kalit so‘zlar: Menthol, serin, prolin, lezin, fizik kimyoviy konstantalari, 1Q spektri, fenilalanin

Kirish. Hozirgi kunda dorivor o’simliklardan tabiiy biologik faol moddalarni ajratish va muqobil davolash usullarida tabiiy
mahsulotlardan, aynigsa o'simliklardan olingan mahsulotlardan foydalanish 0’z ahamiyatini oshirib bormogda. An'anaviy dori vositalarining
samarasizligi, sintetik dori vositalaridan noto'g'ri foydalanish, nojo'ya ta'sirlar va toksiklik bilan bog'lig muammolar o'simlikka asoslangan dori-
darmonlarga qiziqgishni keltirib chiqarmoqda, dorivor o’simliklarning tarkibini o’rganish, tabiiy biologik faol moddalaming birikmalarini olish,
hossalarini o’rganish, tibbiyotda ishlatish, yangi birikmalarini olish va qo’llashga bo’lgan qizigish kundan kunga ortib bormoqda. Shu magsadda
yalpiz o’simligi tarkibida ko’p uchraydigan mentol moddasining yangi birikmalarini olish biologik faolligini, tuzilishini tadqiq gilish bizning
tadgigotimizning asosini tashkil giladi.

Mavzuga oid adabiyotlar tahlili. O'simliklar sanoat rivojlanishi va organik kimyo sanoatidagi bir gancha ixtirolardan keyin ham
farmatsevtikaning eng asosiy manbai bo'lib gqolmoqgda. Jahon sog'ligni saglash tashkiloti ma'lumotlariga ko'ra, an‘anaviy tibbiyot va davolash
usullaridan dunyo bo'ylab insonlar salomatligini yaxshilashda 80 foizi foydalanadi[1]. Hozirgi vaqtda butun dunyo bo'ylab beriladigan dorilarning
tabiiy resurslari taxminan 25% ni tashkil giladi. JSST tadgiqotiga ko'ra, ulardan 11% fagat o'simlik manbalaridan, katta gismi esa tabiiy
o‘simliklardandan tayyorlangan sintetik dorilardir. Tabiiy kimyoviy moddalar tabiiy holda innovatsion farmatsevtika mahsulotlarini ogilona
loyihalash va rivojlantirish, ilgari ochilmagan dorivor xususiyatlarni aniglashga yordam beradi [2]. So'nggi paytlarda dorivor magsadlarda va
mugobil davolash usullarida tabiiy mahsulotlardan, aynigsa o'simliklardan olingan mahsulotlardan foydalanish 0’z ahamiyatini ko’rsatdi. An'anaviy
dori vositalarining samarasizligi, sintetik dori vositalaridan noto'g'ri foydalanish, nojo'ya ta'sirlar va toksiklik bilan bog'liq muammolar o'simlikka
asoslangan dori-darmonlarga gizigishni keltirib chigardi [3].

An'‘anaviy yangi dori vositalarini ishlab chigish nisbatan tejamkor, ayrim jarayonlar xavfli jarayon bo'lib, magsad tanlash va tekshirish,
zararli birikmalarni qgidirish va optimallashtirishni 0'z ichiga oladi [4]. Bundan tashgari, klinik tadgiqotlardagi yugori muvaffaqiyatsizlik darajasi
ko'pincha dori samaradorligini pastligi, bog’lanish mustahkamligini pastligi, magsaddan tashqari ta'sirlar yoki bargarorlik yoki eruvchanlik kabi
fizik-kimyoviy xususiyatlar, shuningdek, yugori toksiklik va dori farmakokinetikasi kabi omillar bilan bog'liq [5]. Dori xavfsizligini, shu jumladan
salbiy ta'sirlarni va toksiklikni baholash uchun odatda in vivo va in vitro usullari go'llanilgan, ammo bu usullar ko'p vaqt talab giladigan, mehnat
talab qiladigan iqtisodiy samarasi qimmatligi ham muammo bo’lib qolmogqda [6]. Natijalar, aniqlik, samaradorlik va xarajat cheklovlari tufayli tez
va arzon, anigq magsadni aniglash va bashorat gilish usullarini ishlab chigish strategiyalariga ko'prog e'tibor garatilmoqgda, bu esa dori vositalarini
topish jarayonida tez-tez qo'llaniladigan hisoblash texnikasining rivojlanishiga olib keldi. [7].

Yangi dori sintetik, yarim sintetik, o'simlik manbalaridan olingan yoki gayta ishlab chigarilgan dori vositalari bo'lishi mumkin. Agar
struktura mavjud bo'lsa, strukturaga asoslangan virtual skrining va molekulyar o'rnatish mumkin. Magsad yoki biologik ob'ekt sifatida tavsiflangan
asosiy terapevtik magsadlarni topish, odatda, kasallik fenotiplarini o'zgartirishi mumkin bo'lgan ogsil, dori ishlab chigish jarayonining birinchi va
eng muhim bosqichidir[8]. Joriy tadgiqotning magsadi: mentolning yangi birikmalar yaratish, olingan birikmaning fizik kimyoviy hossalarini
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o’rganish, tuzilish strukturasini tahlil qilish, hamda biologikfaolligini o’rganishdan iborat. Menthol parfyumeriya va kosmetika sohasida kimyoviy
birikma sifatida keng qo'llaniladi va yoqimli hid va sovutish ta'siri tufayli farmatsevtika yordamchi, ozig-ovgat go'shimchalari va tamaki aromati
sifatida xizmat giladi [9]. Murakkab tabiiy yalpiz moyidan enantiopur L-mentol sifatida ajratiladi yoki assimetrik sintez yoki Haarmann-Reimer
jarayoni yordamida ishlab chigariladi. Har ganday ishlab chiqgarish usullarida distillash, ekstraktsiya yoki kristallanish orgali ko'p komponentli
tizimlardan izolyatsiya qilish zaruriy bosgichdir [10].

Menthol yalpiz yoki boshqga yalpiz moylaridan ajratilgan. Kimyoviy jihatdan mentol o'simlikdan olingan siklik monoterpen spirtidir.
Odatda og'iz bo'shlig'i gigienasi uchun pestitsidlar, kosmetika, farmatsevtika, gandolat mahsulotlari va xushbo'ylashtiruvchi vosita sifatida
ishlatiladi [11]. Antioksidant, yallig'lanishga garshi va og'riq goldiruvchi ta'sirga ega [12]. Dorivor xususiyatlari yalpiz turlarida fenolik kimyoviy
moddalar mavjudligi bilan bog'liq[12].

Ushbu nuqtai nazardan, ko’pgina tadgiqotlarning natijalariga asoslanib, biz aminokislotalar bilan mentolning bir nechta yangi hosilalarini
sintez qildik. Mentolning gidroksil guruhi birlamchi spirtlar kabi aminokislotalarning karboksil guruhi bilan tasirlashib murakkab efirlarni hosil
giladi.

Tadgigot metodologiyasi. Mentoldan 0.013 mol olinib 0,5ml metanol erituvchisida eritiladi. 30 minut aralashtiriladi, aminokislotadan
0.01 mol olinib 7ml HCI (kons)da yaxshilab eritiladi. Ikkalasi xam erib bo’lgandan keyin bir idishga quyib olinadi. Olingan aralashma 35-40 °C
haroratda 5-6 soat davomida aralashtirish yordamida mentolning birikmalarini olinadi.

Menthol va aminokislotalardan olingan yangi birikmalarni o‘rganishda ularning kimyoviy tuzilmasini tahlil gilish nihoyatda muhim.
Tuzilmani aniglash va har bir elementni to‘g‘ri identifikatsiya qilish uchun zamonaviy analitik usullar keng qo‘llaniladi. Asosan, biz olingan
birikmalarning fizik xossalari hamda dastlabki tuzilishini identifikatsiya gilishda massa spektrometriyasi (MS), infraqizil spektroskopiya (IR), va
yugori samarali suyuglik xromatografiyasi (HPLC) kabi usullardan foydalandik. Infragizil spektroskopiya (IR), va yuqori samarali suyuglik
xromatografiyasi (HPLC) kabi usullar ushbu birikmalarni o’rganishda va tahlil qilishda muhim rol o‘ynaydi. Infraqizil spektroskopiya yordamida
birikmada mavjud funksional guruhlar aniglanadi. Mentolning fenolik gidroksil guruhi va aminokislotalardan olingan boshga guruhlarning
mavjudligi IR spektrlari orgali tasdiglanadi.

Menthol va aminokislotalardan olingan birikmalarni tozalash va ajratish uchun yuqori samarali suyuqlik xromatografiyasi qo‘llanildi.
HPLC yordamida birikmalar tarkibi tozalangan holda analizlandi, bu esa keyinchalik NMR va MS kabi usullar bilan birikma tuzilmasini yanada
chuqurroq o‘rganishga imkon beradi.

Ushbu tahlil usullari menthol va aminokislotalardan olingan yangi birikmalarning tuzilishini batafsil o‘rganishga yordam beradi, bu esa
ularning dori vositalari sifatida samaradorligi va xavfsizligini baholashda asosiy ahamiyatga ega.

Tahlil va natijalar. Mentolning aminokislotalar bilan yangi hosilalarining sintezi quyidagi reaksiya sxemasi bilan olib borildi:
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Mentolning ba’zi bir aminokislotalar bilan yangi hosilalarini fizik kimyoviy konstantalari

1-jadval
* (sistema)
No Moddalar Brutto formulasi, Mr ;l'ésuyuq Rf Eruvchanligi Unum%
c H O 03 Etanol, Aseton
10 20 v q
L | Memol ) | 2 4222 Dioksan, Piridin 846
5 | Mentolprolina Cis Hz7NOg 5040 0,35 Etanol, Geksan, Etilasetat, | ,c,
t 281,39 Xloroform, Benzol ’
C H_NO
3 :grei?]l;:e Zfl 32:; 3 44+2 0,4 Etanol, Xloroform, Benzol 77,9
CH,N:0q 0,35 ]
4 Mentol lesinat 55+2 Geksan, Etilasetat, 80,2
300,44 Xloroform, Benzol, Etanol

Yangi sintez gilingan mentolning aminokislotalar bilan hosilalarining 1Q spektrida karbonil guruhlarining C=0O guruhining valent
tebranishlari 1730-1710 cm* sohada kuzatilsa, mentolning —OH guruhlarining valent tebranishlari 3500-3250 cm™ sohada kuzatiladi va gidroksil
guruhlarining asetil guruhlariga almashinib borishi natijasida ularga tegishli bo’lgan tebranishlar chastotasi so’nib borishi bilan izohlanadi.

Olingan murakkab efirlarning fizik kimyoviy konstantalari aniglandi, ularning tuzilishi 1Q spekrtlarini dastlabki moddalar spektri bilan
tagqoslash yo’li bilan tasdiglandi.
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2-rasm C) Mentollesinat 1Q spektri D) Mentolprolinat 1Q spektri

1 rasmda keltirilgan mentholning 1Q (infragizil) spektridan ko’rishimiz mumkinki, menthol molekulasining tuzilishi o’ziga xos bir gancha
asosiy piklari bilan ajralib turadi. Mentholning kimyoviy formulasi C10H200 bo'lib, u tsiklik terpene spirti hisoblanadi. O-H guruhi 3300-3500
smatrofida keng cho'qgi mavjud, bu spirtlardagi gidroksil (O-H) guruhiga xosligini ko’rsatadi.

1Q spektrida C-H guruh 2800-3000 sm™! oraligda metil (CHj3), metilen (CH,) va metin (CH) guruhlarining C-H cho'zilish tebranishlari
tufayli bir nechta aniq cho'qqilar kuzatiladi. C-O guruh 1000-1300 sm™! oralig‘ida C-O cho'zilish tebranishi mavjud bo‘lib, bu spirtlar uchun xosdir.
Egilish Tebranishlari esa 1300-1500 sm™' oralig‘ida CH3 va CH, guruhlarining egilish tebranishlari ko’rish mumkin.

Mentol va lezin birikmasining IR (infraqizil) (2 rasmda) spektroskopiyasi analizi ikki komponent orasidagi kimyoviy bog‘lanishlar va
funksional guruhlarning xususiyatlarini ko‘rsatadi. Mentolning asosiy funksional guruhi —OH (gidroksil) bo‘lib, u IR spektrda 3300-3500 sm!
oralig‘ida teskari cho‘qgiga ega bo‘ladi. Lezin spektrida o‘zining -COOH (karboksil) va -NH: (amin) guruhlari tufayli sezilarli absorbsion
cho‘qqilar ko‘rsatadi.

Murakkab efirlarning IQ spektrida 3245 sm™ sohada —~OH tebranish chastotasi kuzatilmaydi, bu 0’z navbatida mentolning gidroksil guruhi
bilan amino kislotalar o’rtasida murakkab efirlarlar hosil bo’lganligini ko’rsatadi.

1726 sm! sohada funksional guruhlar tebranishi sohasida ~C=O (karbonil) guruhi valent tebranishlari kuzatilishini yana bir bor
adabiyotlarga tayangan holda efir bog’i hosil bo’lganligini isbotlaydi.

Xulosa va takliflar. Olingan yangi birikmalarning fizik konstantalari aniglandi, 1Q va Mass spektrlari aniglandi. Murakkab efirlarlarning
1Q spektrida 3245 sm! sohada —OH tebranish chastotasi kuzatilmaydi, bu 0’z navbatida mentolning gidroksil guruhi bilan amino kislotalar o’rtasida
murakkab efirlar hosil bo’lganligini ko’rsatadi. Kelgusi ishlarimizda olingan yangi birikmalarning tuzilishini aniglashda YAMR va rengen strukur
analiz usullari hamda biologik faolligi aniglash ustida tadgiqot ishlari olib borilmoqgda.
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DETERMINATION OF COBALT (I1) ION FROM THE COMPOSITION OF THE INDUSTRIAL CAKE OF THE ALMALYK MMC
JSC ENTERPRISE USING ORGANIC REAGENTS
Annotation
2-nitroso-1-naphthol was selected as an organik analytical reagent for the content of cobalt ions in the wastewater of industrial and environmental
facilities of Almalyksky KMK JSC. It has been shown that 2-Nitroso-1-naphthol immobilizes an organik reagent on various fibrous carriers,
detecting cobalt ions, as well as an express detection method.
Key words: Cobalt ion, 2-Nitroso-1-naphthol, analytical reagent, immaobilization, sorption photometric detection.

«OLMALIQ KMK» AJ KORXONASI SANOAT KEKI TARKIBIDAN KOBALT (I1) IONINI ORGANIK REAGENTLAR
YORDAMIDA ANIQLASH
Annotatsiya
«Olmaliq KMK» AJ ning sanoat va atrof-muhit obyektlaridagi ogava chigindi texnologik suvlari tarkibidagi kobalt ionlari uchun 2-nitrozo-1-naftol
organik analitik reagent sifatida tanlab olindi. 2-nitrozo-1-naftol organik reagentni xar xil tolali tashuvchilarga immobillashi, kobalt ionlarini
aniqlash, bundan tashqari aniqlashni ekspress usuli ko‘rsatib o‘tilgan.
Kamur cy3nap: ko0anbT MOHHMHH, 2-HUTPO30-1-HAPTOJ, aHATUTHK PEareHT, UMMOOHJLIALI, COPOLIMOH-(DOTOMETPUK aHUKJIAIIL.

OIIPEJIEJTEHHUE MOHA KOBAJIBTA (IT) U3 COCTABA ITIPOMBIIIJIEHHOT' O KEKA IPEIIPUATHS AO «AJIMAJIBIKCKHI
I'MK» C IOMOIIbIO OPTAHUYECKHUX PEATEHTOB
AHHOTaIUA

Jli1s1 coneprkaHusi HOHOB KOOAbTa B CTOYHBIX TEXHOJIOTHYECKUX BOJAX MPOMBIIIIEHHBIX U 3KOJIOTHYeCKHX 00bekToB «AO Anmanbikckuiiy KMK
B Ka4ecTBE OPraHWYECKOr0 aHAIMTHYECKOTO peareHTa BHIOpaH 2-HHUTpo3o-l-Hadron. Ilokaszano, uyro 2-Hutposzo-l-HadTon mMMmoOmiIM3yer
OpraHMYeCcKHil peareHT Ha Pa3IHYHbIC BOJIOKHICTHIE HOCHTENH, OOHAPYKHUBasi HOHBI KOOAJIBTA, a TAKIKE IKCIIPECC-METO OOHAPYKEHHUSI.
KamoueBble ciaoBa: HMou kobambra, 2-HHTPO30-1-HadTON, aHAIUTHYECKHH peareHT, WMMOOIIH3ALKs, COPOLHOHHO-(HOTOMETPHUECKOE
oOHapyXeH¥e.

Kirish. Xozirgi kunda d-gurux metallarni aniglashda asosiy zamonaviy fizik-kimyoviy usullardan biri bo‘lgan sorbsion-fotometrik usullar
keng qullaniladi. Lekin xar doim xam spektrofotometrik usul bilan aniqlash imkoniyati bo‘lmaydi, chunki ko‘p qo‘shimcha operatsiyalar, begona
ionlarni halagit berishi, ularni ajratib olish va boshqa tayyorgarlik ishlari masalasi yechimga ega emas. Shuning uchun yangi ekspress, sezgir, tanlab
ta’sir etuvchan usullarni yaratish dolzarb muammolardan biri.

Respublikada d-gurux metallarni ajratib olishning yangicha usulilari jumladan: sintetik sorbentlar va organik reagentlarga d-gurux
metallarning ionlarini kompleks xolatda olishni takomillashtirish va joriy qilish bo‘yicha bir qator usulla va muayyan natijalarga erishilib kelmoqda.

Kobaltni spektrofotometrik metod bilan aniglash usuli ishlab chigilgan va bu usulda setiltrimetilammoniy bromidi (CTAB) kuchli binafsha
rangli xelat hosil gilish uchun maksimal nur singdirishni namoyish etadi 586 nm da pH=3. Bu tadqgiqot natijalari Ber gonuniga bo‘ysunishi
aniglangan [1].

Ushbu ishda [2] kobalt (Il) ionini spektrofotometrik aniglash uchun oddiy va tezkor usul o‘rnatilgan (sodium-I-nitroso-2-
hydroxynaphthalene-3,6-disulfonate) (natriy-1-nitrozo-2-gidroksi naftalin-3,6-disulfonat) kompleksini sorbsiyalash usuli haqida ma’lumot
keltirilgan. Eritmadagi adsorbsiya mehanizmini ro‘yobga chigarish uchun 5 metanol ml. 1 ml dan keyin 1.0 mol dm? nitrat kislota qo‘shildi,
absorbans chiqindi suv spektrofotometr bilan o‘lchandi 550 nm dan ortiq selektivligi Sr=0,3 koyeffitsiyenti laboratoriya tajribalari xagida
ma’lumotlari va jarayonning muvozanatini kuzatish uchun bir gancha ishlari keltirilgan.

[3] adabiyotda tabiiy va sanoat materiallari tarkibida kobalt (11) ioning migdori 10~ dan 10 % gacha uchrashi va analiz gilinuvchi obyektiga
garab titrimetrik, elektrometrik, spektrofotometrik, spektro-fluoretsent, rentgenospektr, radioaktivatsion, mass-spektral va boshga metodlardan
foydalanilgan.

Ushbu tadqiqotda kobalt (II) ionining adsorbsion harakati tabiiy adsorbentlar yordamida o‘rganilgan. Tayyorlangan sorbent skanerlovchi
elektron mikroskop bilan tavsiflandi. Adsorbsion tajribalar o‘tkazildi aloqa vaqti, metall kabi bir nechta shartlarni o‘zgartirish orgali kinetik va
muvozanat holatini baholash uchun ion konsentratsiyasi va pH parametrlari aniqlangan. Eksperimental ma’lumotlar shuni ko‘rsatdiki, reaksiya
vaqtida 60 min, metall ion kontsentratsiyasi 50 mg/l va pH=6 muhitda, kobalt (1) ionining konsentratsiyasi 1 mg/l ga, Sr=0,03-0,05 ga tengligi
keltirib o‘tilgan [4].

Mualliflar [5] tadgiqotda benzolda erigan trikaprilmetilammonium tiosiyanat kuchli suyuq ion almashinuvchi bo‘lib, bir muvozanatda
ko‘k kobalt (II) tiosiyanat kompleksini to‘liq ajratib oladi. Tamponlangan ekstraksiya eritmasi, pH=8, tarkibida temir ionining aralashuvini to‘liq
nigoblaydigan natriy sitrat mavjud. Natriy tiosiyanat, natriy sitrat va natriy tiosulfatni 0z ichiga olgan buferlanmagan eritmasi bir muvozanatda
kobalt va nikelli ionlarini butunlay yo‘q qiladi.

Muallif [6] tomonidan markaziy analitik laboratoriyada olingan namunalarda va ajratilgan sulfidlarda Ni, Co (1) va bir d-guruhga mansub
elementlarning tarkibi aniglangan. Kimyoviy tarkibi Agilent 7700 x ashobida ISP-MS tomonidan aniglangan. Slanetsdagi eng yuqori Ni va Co (11)
ioninig konsentratsiyasi uchun o‘rtacha 0,13 g/t (0,09 dan 0,19 gacha) va Co (ll) ionni uchun 10,39 g/t (6,54 dan 12,4 gacha) ni tashkil giladi.
Olingan ma’lumotlarning statistik tahlili Ni va Co (II) birikmalari, organik moddalar bilan va Cu, Cd, U, Ag bilan yaqin hossali birikmalari borligini
aniglash imkonini bergan. Eritma muhit (50%), pH=10,7 da aniglash chegarasi Sr=0,005 mI* va nisbiy standart og‘ish 1,03% ni tashkil giladi.
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Adabiyotda kobalt (I1) ioniga tasir giluvchi ruxni kontsentrlash va aniglash uchun ultrabinafsha-ko‘rinadigan spektrofotometriya (UV-
VIS) bilan 1-(2-piridilazo)-2-naftol (PAN) bilan kompleks hosil gilish reaksiyasiga asoslangan ekstragent sifatida Triton X-100 anion sirt faol
moddasi ishlatilgan [7].

Laboratoriyada sharoitida reagent sifatida sintez gilingan 3-gidroksibenzilaminobenzoy kislotasi bilan kobalt (1) ionini aniglash. Kobalt
(1) 3-gidroksibenzilaminobenzoy bilan kompleks hosil gilishi va pH =5,0 da och sariq rangli kompleks hosil gilish orgali, kompleksning maksimal
absorbsiyaga ega 460 nm. pH ta’siri kabi boshqa parametrlar, keltirilgan [8; 201-208 6].

Ishning umumiy metodikasi

2.1. Organik reagent

2.1.1. Organik reagentning ishchi eritmasini tayyorlash

0.1% li 2-nitrozo-1-naftol reagentlari ishchi eritmasini tayyorlandi. Buning uchun 0.01 g 2-nitrozo-1-naftol reagentidan analitik tarozida
tortib olib, uni 100 ml o‘lchov kolbasiga solib, belgisigacha suv bilan keltirildi. Tayyor bo‘lgan eritmani suyultirilib, keyingi ishlarga qo‘llanildi.
1-rasmda analitik reagent C;oH;NO; ning molekulya tuzulishi ko‘rsatilgan.

1-pacm. CyoH;NO; analitik reagentning molekulyar tuzilishi.
2.2.3 Kabalt (I1) ionining standart eritmasi
Co*Zionining standart 1 mg/ml li eritmasini tayyorlash uchun CoSO, tuzidan 0,1 g tortib olib, 100 ml li kolbaga solindi, 2 ml sulfat kislota
ham solindi va belgisigacha distillangan suv bilan keltirildi. Keyingi ishlarda shu eritmadan foydalanildi.
2.2.6 Organik reagent uchun optimal tashuvchi tanlash
Tolali tashuvchi hagida gqisgacha ma’lumot: PPA-1 - gidroksilamin bilan faollashtirilgan poliakrilonitril (Nitron) tolasini
polietilenpoliamin bilan modifakatsiyalash orgali olingan anionit.

CN Hy Hy H
. L H
H, | H, g HNT-e —C =N ! H, ‘ H, §©
e c—C—C—C—r

)\ -NH,OH H ;N "

N NH, H H; H) ‘ H, H,
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1-pacm. PPA-1 polimer matritsalarining molekulyar tuzilishi.

Xulosa gilib biz 2-nitrozo-1-naftol organik reagentini analitik xususiyatlarini hisobga olib reagent sifatida tajribada ishlatish qobiliyati
yugoriligi uchun tanlab olindi.

Ushbu jadvaldan ko‘rinib turibdiki kobalt (II) ionini immobillangan organik reagent bilan kompleks xosil bo‘lishi asosan-S va -N-
funksional gruhlar orgali, reagent tolaga esa —O-CHjs gruh orqali bog‘lanish sodir bo‘ladi.

2.2.4 Bufer eritmali

Bufer eritmalarning har xil pH (1-12) li universal bufer eritmasi uchun 0,04 M li (H;BO3, H3PO,4, CH;COOH) 0,2 n NaOH eritmasidan
qo°‘shib tayyorlab qo‘yiladi.

0,2 n NaOH pH 0,2 n NaOH pH 0,2 n NaOH pH 0,2 n NaOH pH
(ml) (ml) (ml) (ml)

0 1,81 25,0 4,10 50,0 6,80 75,0 9,62
25 1,89 27,5 4,35 52,5 7,00 775 9,91
5,0 1,98 30,0 4,56 55,0 7,24 80,0 10,33
7,5 2,09 32,5 4,78 57,5 7,54 82,5 10,88
10,0 2,21 35,0 5,02 60,0 7,96 85,0 11,20
12,5 2,36 375 5,33 62,5 8,36 87,5 11,40
15,0 2,56 40,0 572 65,0 8,69 90,0 11,58
175 2,87 425 6,09 67,5 8,95 92,5 11,70
20,0 3,29 45,0 6,37 70,0 9,15 95,0 11,82
22,5 3,78 475 6,59 72,5 9,37 100 11,98

2.2.7 Immobillash metodikasi

100,0 ml o‘lchov stakanlarga 10 ml 0,01% li dietil 2-nitrozo-1-naftol reagenti qo‘shildi, 0,1 g tola solindi va 2-5 minut davomida shisha
tayoqcha yordamida aralashtirildi, keyin tola distillangan suv bilan yuvildi va tolaga o‘tirgan reagent miqdori o‘lchandi. Natijalar dietil 2-nitrozo-
1-naftol reagentining tolaga immobillanishi quyidagi formula bilan ifodalaniladi.

P-NH+ HC1 —P-*NHsC1

P-*NH;C1" + -R-S=N-N=S-R- —P-*NH;— R-S=N-N=S-R

Bunda, P-NH,- polimer tashuvchi

Ar-R-S=N-N=S-R — C10H14N20483 reagenti

Tadgiqot natijalari.

3.1 Eritmalarni tayyorlash.

Kobalt (I1) ionining ishchi eritmalarini tayyorlash usuli: 0,2-2 g bo‘lgan quruq namuna olib TC kolbaga solamiz va 30 ml HNO3z 5 ml
H,SO, 10-15 ml HCI gaynatiladi. 200 ml hajmli kolba ichida 40-60 ml hajmli issiq suv bilan aralashtirildi, 2 soat davomida gaynatildi, eritma
sovigandan so‘ng qo‘sh filtr orqali filtrlandi, hosil bo‘lgan cho‘kma xlorid kislota bilan eritiladi va qo‘sh filtr orqali filtrlandi. Filtr distillangan suv
bilan 6-7-marta yuvildi va sovitildi

Koblt (1) ionini tajribada aniglash uchun rentgen-fluoressent usulda analiz bajarildi, natijada rux ioni uchun 1-rasmda ko‘rsatilgan to‘lgin
uzunliklari bilan analitik spektral chiziglar olindi.

1- jadval
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1-rasm. Koblt ionlarinining standart namunasini rentgen-fluoressent spektri
1-rasmlarda nikel va koblt ionini standart namunasi, rentgen-fluoressent spektri namunasinng spektri olindi va solishtirilganda maksimal

intensivligini yuqoriligi tajriba orqali topildi.
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RESEARCH ON THE PROCESS OF BREAKING DOWN AND FILTRATION OF DECOMPOSITION OF WASHED AND
CALCINED CENTRAL KYZYLKUM PHOSCONCENTRATE INTHE PRESENCE OF NITRATE AND SULFURIC ACIDS
Annotation
The article studies the process of breaking down and filtration of decomposition washed burnt phosconcentrate of Central Kyzylkums in the
presence of nitrate and sulfuric acids, in various ratios. The chemical composition and rheological properties of the obtained filtrate are examined.
The composition of the separated phosphogypsum is analyzed using transmission electron microscopy (HR-TEM Talos-F200i) equipment.

Key words: Red Quzilkum Phosphate, Nitric Acid, Sulfuric Acid, Filtrate, Rheological Properties, Phosphogypsum

HUCCIEJOBAHUE MPOLECCA PA3JIOXKEHUA U ®PUJIBTPALIUU MBITOI'O OBOXKEHHOI'O ®OCKOHIIEHTPATA
HEHTPAJIHBIX KbI3BLJIKYMOB ITPY YYACTHUHA HUTPATHOM M CEPHOM KACJIOT
AHHOTaIUA

B cratee mccnemyercs mporecc pasioKeHHs H MBITOTO 000xokeHHOro (ockoHumentpara Llenrpamsaeix KensuikymoB (MO®K) ¢ ywactiem
HUTPATHOM U CEPHOM KHUCIIOT B PA3JIMYHBIX COOTHOLICHUAX. V3ydeHbl XUMUYECKHH COCTAB U PEOJIOrMUECKHE CBOMCTBA MOIyYeHHOro (uiibTpara.
Cocras BblzeneHHOro (hocdorurca OblI IPOAHAIM3UPOBAH C MCIIOIB30BAHUEM TPAHCMHCCHOHHOM 3IeKTpoHHOM Mukpockonuu (HR-TEM Talos-
F200i).

KuroueBbie ci1oBa: MpiToro odoxokeHHoro Qockonuenrtpata Llenrpanbhbix Keibuikymo (MO®K), Hurparnas kucinora, CepHas KUCIOTa,
OunbTpat, Peomoruueckue cpoiicta, Docdoruric.

MARKAZIY QIZILQIM YUVIB KUYDIRILGAN FOSKONSENTRATINI NITRAT VA SULFAT KISLOTALAR ISHTIROKIDA
PARCHALAB FILTRATSIYA JARAYONI TADQIQOTI
Annotatsiya
Magqolada Markaziy Qizilgum yuvib kuydirilgan foskonsentratini (YuKFK)nitrat va sulfat kislotalar ishtirokida, turli nisbatlarda parchalab
filtrlanish jarayoni o‘rganilgan. Ajratib olingan filtratning kimyoviy tarkibi va reologik xossalari o‘rganilgan.Ajratib olingan fosfogips tarkibi
transmission elektron mikroskopiya (HR-TEM Talos-F200i) uskunasidan foydalanilgan.
Kalit so‘zlar: Qizilqum fosforiti, nitrat kislota,sulfat kislota, filtrat, reologik xossalar, fosfogips.

Kirish. Bugungi kunga qadar Markaziy Qizilqum (MQ) fosforitlariga kislotali va termik ishlov berish yo‘li bilan fosforli o‘g‘itlar olish
texnologiyasini ishlab chiqish va qo‘llash bo‘yicha bir qator ilmiy tadqiqot ishlari olib borilgan . Oddiy va murakkab fosforli o‘g‘itlar ishlab
chiqarish texnologiyalarini O‘zbekiston Respublikasi davlat dasturlariga muofiq takomillashtirish ustivor vazifa hisoblanadi. O'zbekiston
Respublikasi Vazirlar Maxkamasining 2020 yil 4 martdagi 120 son «Respublikada fosforli o'g'itlar ishlab chiqarish hajmlarini oshirish bo'yicha
go'shimcha chora-tadbirlar to'g'risida»gi Qaroriga asosan « Ammofos- Maksam» AJda fosforli o'g'itlar ishlab chiqarish quvvatlarini modernizatsiya
gilish hisobiga vyillik ishlab chigarish quvvatlarini sof holda 296 ming tonnaga yetkazish nazarda tutilgan.

Mavzuga oid adabiyotlar tahlili Tabbiy fosforitlar tarkibidagi P,Os ni o‘simlik o‘zlashtiradigan va suvda eruvchan xolatga o‘tkazib,
turli xil kompleks o°g'itlarga qayta ishlashning usullari to‘g'risida ko‘plab ilmiy izlanishlar olib borilganligi ma'lum. Ozuga miqdorlari ko‘p bo‘lgan
fosforli o‘g'it fosfat xom ashyolarini asosan mineral kislotalar (sulfat, azot va fosfat) bilan qayta ishlash bugungi kunda jahon amaliyotida muhim
usul sanaladi.[1-2]

Jahon adabiyotlarida ftorapatit kontsentratini nitrat-sul fat kislotali parchalash orgali nitrofos ishlab chigarishning termodinamik va kinetik
gonuniyatlari o‘rganish,hamda apatit kontsentratini nitrat kislotaning stexiometriya bo‘yicha turli me'yorlarda 20 dan 50°C gacha harorat oralig'ida
parchalash jarayonlari o‘rganish bo‘yicha bir qancha ilmiy ishlar olib borilgan[3-5].

Markaziy Qizilqum yuvib kuydirilgan foskonsentratini sulfat kislota bilan gayta ishlab EFK olish jarayoniga ta’sir etuvchi texnologik
kattaliklar jarayon harorati,Q:S nisbati,vaqt ta’sirlari ilmiy adabiyotlarda o‘rganilgan.[6]

Markaziy Qizilqum yuvib kuydirilgan foskonsentratini nitrat kislotasi bilan parchalab mineral o°g’itlar olish bo‘yicha ham ko‘pgina ilmiy
adabiyotlar mavjud bo‘lib, bu ilmiy ishlarda nitrat kislotaning turli me’yorlarda parchalash ishlari olib borilgan.Ushbu ilmiy ishlarda ayrimlarida
to‘liq bo‘ mmagan me’yor bilan parchalab turli qo‘shimchalar qo‘shib o‘g’itlar olish bo‘yicha malumotlar keltirilgan.keyingi adabiyotlarda esa to‘liq
norma bilan parchalab filtrlanish jarayoniga Q:S nisbati harorat va filtrlanish jarayonini jadallashtirish uchun organik sirt-faol moddalarning
ta’sirlari haqida malumotlar keltirilgan.[7-10]

Tadgigot metodologiyasi. Tadgigod obyekti sifatida tanlab olingan MQ yuvib kuydirilgan foskonsentratini (YuKFK) kimyoviy tarkibi
quyidagi jadvalda keltrilgan

1-jadval
Fosforit namunalarining asosiy kimyoviy tarkibi, %
o Kimyoviy tarkibi og’ir. %
e Homashyo P20s Ca0 MgO Al203 Fe,03 F CO2 SO3 H.0.
1 YUKFK Nel | 27,61 55,83 0,98 0,49 0,44 2,78 257 2,65 477
2 YuKFK Ne2 | 27,44 56,00 1,03 052 0,49 2,93 2,72 2,99 3,39
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MQ YKFKni 56% li HNO3 va 96% li H,SO, kislotalarning turli nisbatlari ta’sirida CaO ga nisbatan kimyoviy stexiometrik me’yoriga
asosan nitrat va sulfat kislotalarining Y N-105 % me’yorida, Kislotalar nisbatining (HNO3:H,SO,) mos ravishda 70:30,60:40 50:50, 40:60 va 30:70
nisbatlarda, 40°C dan 60°C haroratgacha 40 va 80 dagiqalar oralig‘ida laboratoriya sharoitida tajriba model qurilmasida parchalab filtrlanish
jarayoni o‘rganildi.Hamda ajratib olingan filtratning kimyoviy tarkibi reologik xossalari o‘rganildi.Bundan tashqari fosfogipsning tarkibi
transmission elektron mikroskopiya (HR-TEM Talos-F200i) uskunasidan foydalangan xolda o‘rganildi.

Tahlil va natijalar. Ushbu ilmiy tadgiqot ishida gattiq:suyuq fazalar (Q:S) 1:3.5 -1:4 nisbatlarida parchalash jarayoni olib borildi va
filtratsiya tezligiga nitrat va sulfat kislotalar nisbati, harorat, hamda jarayon davomiyligining ta’siri o‘rganildi. Kislotali bo‘tqalarining (XN
=105;Q:S=1:3.5-1:4) nitra va sulfat nisbati HNO3:H,SO, mos ravishda 70:30 va 65:40 bo‘lganda, jarayon harorati 40+60°C va davomiyligi 40+80
dagigada fil'trlanish amalda juda yomon ketishi angilandi.Shu sabab ilmiy ishlarimizda bu nisbatlardan foydalanmadik. Tadgiqot natijalari asosida
olingan natijalar quyidagi 2-jadvalda keltirilgan.

2-jadval
MQ YUKFKni sul'fat va nitrat kislotalar ishtirokida parchalashda suspenziyaning filtrlanish darajasiga texnologik ko‘rsatkichlarning ta'siri

Kislotalar nisbati o . Bo’tqaning filtrlanish tezligi,kg/m2-soat(0,06 MPa)
HNOs:H.S04 ‘ Harorat, °C ‘ Vagt,dagiga I Bo’tqa bo’yicha [ Filtrat bo’yicha [ Qattig faza bo’yicha
Q:S=1:4
40 236,52 127,98 108,54
40 60 275,88 141,97 133,91
80 315,28 155,97 159,31
40 319,38 147,86 171,52
55:50 50 60 342,22 163,35 178,87
80 365,08 178,84 186,24
40 402,25 167,75 234,50
60 60 408,56 184,73 223,83
80 414,88 201,72 213,16
40 413,99 206,50 207,49
40 60 535,53 262,95 272,58
80 657,08 319,40 337,68
40 499,98 250,80 249,18
45:60 50 60 640,80 321,88 318,92
80 781,62 392,96 388,66
40 585,98 295,10 290,88
60 60 746,07 380,81 365,26
80 906,16 466,52 439,64
Q:S=1:3.5
40 1484,79 712,04 772,75
40 60 1684,69 800,48 884,21
80 1884,60 888,93 595,67
40 1521,38 743,10 778,28
35:70 50 60 1834,76 888,80 945,96
80 2148,16 1034,50 1113,66
40 1557,97 774,17 783,80
60 60 1984,84 977,12 1007,72
80 2411,72 1180,08 1231,64

Keltirilgan ma’lumotlardan ko‘rinadiki, HNO3:H,SO, kislotalar nisbati mos ravishda 55:50 dan 35:70 ga hamda harorat 40°C dan 60°C
ga va jarayon davomiyligi oshishi bilan filtrlanish tezligi ortib borishi aniqlandi. Yuqoridagi jadvaldan ko‘rinadiki,harorat 40°C da jarayon
davomiyligi oshishi bilan HNO3:H2S04 kislotalar nisbati 35:70 bo‘lganda mos ravishda bo‘tqa bo‘yicha 1484,79 kg/m2-s dan 1884,60kg/m2-s
gacha (filtrat bo‘yicha 712,04kg/m2-s dan 888,93kg/m2-s gacha qattiq faza bo‘yicha 772,75kg/m2-s dan 595,67kg/m2-s gacha) 60°C esa mos
ravishda bo‘tqa bo‘yicha 1557,97kg/m2-s dan 2411,72kg/m2s gacha (filtrat bo‘yicha 774,17 kg/m2-s dan 1180,08kg/m2-s gacha qattiq faza
bo‘yicha 783,80kg/m2-s dan 1231,64 kg/m2-s gacha) ortib borishi kuzatildi.Bundan ko‘rinadiki kislotalarning boshqa nisbatlariga garaganda
filtrlanish tezligi yuqori darajada borganligini ko*rishimiz mumkin.

Ajratib olingan azot-fosforli eritmaning kimyoviy tarkibi kimyoviy usullar bilan aniglandi. Azot-fosforli eritmaning kimyovi analizlar
bo‘yicha olingan natijalar esa quyidagi 3- jadvalda keltirilgan.

3-jadval
YUKFKni sul*fat va nitrat kislotalar ishtirokida parchalash jarayonida ajratib olingan azot fosforli eritmaning asosiy komponentlar
kimyoviy tarkibi

Ne Kislotalar nisbati K:C T.oC Azot-fosforli eritmaning kimyoviy tarkibi, og’ir. %
HNO3:H,SO4 ' ’ P20s N Ca0
4 1:4 45 10,90 5,23 13,01
5 55:50 50 10,94 519 13,06
6 60 10,96 517 13,08
7 1:4 45 10.72 4.11 9.49
8 45:60 50 10.76 4.08 9.03
9 60 10.77 4.06 9.04
10 1:35 45 10,54 3,00 5,98
11 35:70 50 10,58 2,97 5,00
12 60 10,59 2,95 5,01

Yugqoridagi jadvaldan ko‘rinadiki ajratib olingan eritma tarkibida CaO/P,Os nisbati kamayib borishi kuzatiladi. Kislotalar nisbati
HNO3:H,S0,=35:70 Q:S 1:3.5 bo‘lganda harorat 60 °C bo‘lganda eritma tarkibida CaO/P205 nibati 0.47 ekanligini ko‘rishimiz mumkin bu esa
suvda eruvchan yuqori konsentratsiyali murakkab o‘g’itlar olish imkonin beradi.

Azot-fosforli eritmalarning reologik xususiyatlari, ularning zichligi va govushqogligi, murakkab azot-fosforli o‘g'itlarni ishlab chiqarish
jarayonlarining alohida bosgichlarini loyihalashda asosiy o‘rin tutadi. 4-jadvalda azot-fosforli eritmalarning zichligi va qovushqoqligi bo‘yicha
olingan ma'lumotlar keltirilgan.

4-jadval
Boyitilgan foskontsentratni sulfat va nitrat kislotali gayta ishlash eritmalarining reologik xususiyatlari
HNOs: K:C Zichlik, g/sm® Qovushqoglik, sPz
H2S04 " 20°C 40°C 60°C 20°C 40°C 60°C
55:50 14 1,404 1398 | 1,390 | 3,736 | 2,362 | 1,643
45:60 1:4 1,458 1,461 1,451 7,445 3,725 2,738
35:70 1:35 1,543 1,534 1,518 9,052 5,011 3,575

Jadvaldan ko‘rinadiki Sul'fat va nitrat kislotalar me'yori HNOs:H,SO,= 55:50 va Q:S 1:4 da harorat 20°C dan 60°C ga oshganda zichlik
1,404 dan 1,390 g/sm® gacha kamayadi, qovushqoqligi esa 3,736 dan 1.643 sPz gacha kamayishi kuzatildi, Sul'fat va nitrat kislotalar me'yori
HNO3:H,SO,= 45:60 va Q:S 1:4 da harorat 20°C dan 60°C ga oshganda 1,458 dan 1,451 g/sm3 gacha kamayadi, qovushqoqligi esa 7,445 dan
2.738 sPz gacha kamayishi kuzatildi.Sul fat va nitrat kislotalar me'yori HNO3:H,SO,= 35:70 va Q:S 1:3,5 da harorat 20°C dan 60°C ga oshganda
zichlik 1,543 dan 1,534 g/sm® gacha kamayadi, qovushqoqligi esa 9,052 dan 3.575 sPz gacha kamayishi kuzatildi.Yuqoridagi ma’lumotlardan
ko‘rishimiz mumkinki zichlik va qovushqoqolik parametrlari texnologik jarayonlarga to‘liq mos keladi.
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Texnologik jarayonlarda qattiq suyuq fazalar nisbatini rostlashda ishlatiladigan fosfogips yuvish suvlarining kimyoviy tarkibi
tekshirilganda asosiy komponenet xisoblangan P,Os ning og’irlik jihatdan foiz miqdori kislotalar me'yoriy nisbatlari HNO3z:H,SO,= 55:50 dan
35:70 gacha o’zgarganda mos ravishda 3.24-3.83% oralig’ida ekanligi aniglandi. Quyidagi 5-jadvalda nitrat va sulfat kislotalar me'yoriy nisbatlari
HNO;:H,SO,= 55:50 dan 35:70 gacha oraliqda o'zgarishida olingan aylanma eritma sifatida ishlatiladigan fosfogipsni yuvish suvlarining zichlik
va govushqoglik to'g'risida reologik xossalari to'g'risida ma'lumotlar keltirilgan.

5-jadval
Yuvish suvlarining reologik xossalari
) Zichlik, g/sm® Qovushqoqlik, sPz
H2S0: 1 HNOs =550 40°C 60°C 20°C 40°C 60°C
50:55 1,116 1,112 1,104 1,113 0,876 0,674
60:45 1,132 1,117 1,108 1,118 0,880 0,678
70:35 1,149 1,121 1,112 1,125 0,884 0,682

Yugqoridagi jadvaldan ko‘rinadiki 20-60 °C haroratda sul fat va nitrat kislotalar me'yoriy nisbatlari H,SO, : HNO; = 50:55 dan 70:35
gacha oraliqda o'zgarishida olingan aylanma eritma sifatida ishlatiladigan yuvish suvlarining zichligi 20°C haroratda 1,116-1,149 g/sm* ni tashkil
etadi. Eritmalar haroratining 60°C gacha oshishi barcha kislotalar me'yoriy nisbatlari uchun zichlikning 1,104- 1,112 g/sm® gacha oshishiga olib
keladi. 20-60 °C haroratda sul'fat va nitrat kislotalar me'yoriy nisbatlari H,SO,4 : HNO3 = 50:55 dan 70:35 gacha oraliqda o‘zgarishida olingan
aylanma eritma sifatida ishlatiladigan yuvish suvlarining qovushqoqligi 20°C haroratda 1,113-1,125 sPz dan 60°C haroratda 0,674-0,682 sPz
gacha oshishiga olib keladi.

Filtrlash jarayonida kislotalar me’yoriy nisbati H,SO4:HNO3=70:35 bo‘lganda ajratib olingan nam holatdagi fosfogips suv bilan yuvildi
va kimyoviy tarkibi og’irlik jihatdan P,0s-0.44% N-0.36% Ca016.56% tashkil etishi aniglandi. Bundan tashqgari fosgopisni elementar tarkibiy
miqdorini tahlil gilish uchun transmission elektron mikroskopiya (HR-TEM Talos-F200i) uskunasidan foydalanildi.

1-rasm. Fosfogipsning transmission elektron mikroskopiya tahlili

Fosfogipsning transmission elektron mikroskopiya tahlilida olingan natijalarga ko‘ra fosfogipsning elementar tarkibi quyidagicha ekanligi
aniglandi: N-0,92%; O-59,67%; F-0,82%; Fe-0,76; Al-0,41%; Si-1,64%; P-0,54%; S-17,65%; Ca-17,59%. Elementar tarkibiy jihatdan fosfogips
(kal'tsiy sulfat)ga mos keladi.

Xulosa. MQ YUKFKni nitrat va sul fat kislotalari bilan parchalash mahsulotlari aralashmalarini fil'trlanish tezligiga ta'sir etuvchi muhim
sharoitlar: kislotalar me'yoriy nisbatlari, kontsentratsiya, harorat va jarayon davomiyligiga bog'ligligi asosida MQ fosforitlaridan olingan
bo‘tqaning1557,97-2411,72kg/m?esoat fil trlanish tezligiga erishish mumkinligi aniqlangan.

Tarkibida N:P,0Os ga nisbati 0,412:1 dan 0,45:1 gacha, CaO:P,0s ga nisbati 0,346:1 dan 0,473:1 gacha bo‘lgan 36,46-44,75% ozuga
moddasi saglovchi azot-fosforli o°g'itlar olish uchun yaroqli bo‘lgan P,0s5-10.54-10.59 % N-3-2.95 % CaO 5.98-5.01 % tarkibli azot-fosforli
eritmalar olish mumkinligi aniglangan.
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OQAVA SUVLARNI BIOLOGIK TOZALASHDA PPE-4 ANIONITI ASOSIDA OLINGAN POLIMER METAL KOMPLEKSINING
QO‘LLANILISHI
Annotatsiya
Ushbu tadgigot ishi orgali anion almashinuvchi material (PVC&PEI) asosida olingan Cu-polimer kompleksining sintezi uning ogava suvlar
tarkibida mavjud bo‘lgan patogen mikroorganizmlarga qarshi antibakterial faolligini o‘rganishdir. Cu-Polymer kompleksi sun’iy tayyorlangan
eritmadagi mis ionlarini anion almashinadigan materialga sorbsiya qilish orgali sintez gilindi. Polimer-Cu kompleksining gram-manfiy E. coli va
gramm-musbat S.aureus bakteriya shtammlariga garshi faolligi o‘rganildi. PVC&PEI-Cu*? va PVC&PEI-Cu® antibakterial faollik namoyon gildi.
Kalit so‘zlar: anionit, adsorbsiya, polimer-metall kompleks, antibakterial faollik, E. coli, S. aureus.

NPUMEHEHUE NOJUMEPHOI'O METAJVIOKOMIIVIEKCA HA OCHOBE ®YHKIIUOHAJIBHOI'O IIOJIUMEPA B
BHOJIOTMYECKOI OUMCTKE CTOUYHBIX BO/J
AHHOTAIUS

Lenpro AaHHOM HAay4YHO-MCCIIEN0BATENBCKOM pabOThI O CUHTE3Y MEJHO-TIOJIMMEPHOrO KOMIUIEKCA, IOJYYE€HHOTO Ha OCHOBE aHHOHOOOMEHHOTO
marepuana (PVC&PEI), sBisercs wu3ydeHne ero aHTHOAKTEpUAJIbHONM aKTHBHOCTH B OTHOIICHMH MATOTCHHBIX MHKPOOPTaHU3MOB,
OPUCYTCTBYIOIINX B CTOYHBIX Bozpax. Komruieke Cu-momrmep CHHTE3UPOBAH IyTeM COPOILHMH HOHOB MEAH M3 UCKYCCTBEHHO HPHUTOTOBICHHOTO
pacTBopa Ha aHHOHOOOMEHHBIN Martepual. M3ydyeHa aKTUBHOCTh KOMIUIEKca noiumep-Cu B OTHOLIEHUH TPaMOTPHULATENbHBIX mTamMmoB E.coli u
IpaMIIOIOKUTENbHBIX OakTepuii S.aureus PVC&PEI-Cu*? u PVC&PEI-CU® nposBHIM aHTHOAKTEPHATEHYIO aKTUBHOCTb.

KuioueBble cJI0Ba: aHHOHUT, a1COPOLKsL, MOIMMEP-METAIUINYECKUI KOMILIEKC, aHTHOaKTepralibHasi akTMBHOCTS, E. coli, S. aureus.

APPLICATION OF POLYMER METAL COMPLEX ON THE BASIS OF FUNCTIONAL POLYMER IN BIOLOGICAL
WASTEWATER TREATMENT
Annotation

Through this research work, the synthesis of Cu-polymer complex obtained on the basis of anion exchange material (PVC&PEI) is to study its
antibacterial activity against pathogenic microorganisms present in wastewater. The Cu-Polymer complex was synthesized by sorption of copper
ions from an artificially prepared solution onto an anion exchange material. The activity of the polymer-Cu complex against gram-negative E. coli
and gram-positive S.aureus bacterial strains was studied. PVC&PEI-Cu*? and PVC&PEI-CuP showed antibacterial activity.

Key words: anionite, adsorption, polymer-metal complex, antibacterial activity, E. coli, S. aureus.

Kirish. So‘nggi paytlarda polimer-metall komplekslari (PMC) turli sohalarda, jumladan, materialshunoslik, biotexnologiya, atrof-muhitni
o‘rganish [1], tibbiyot[2], dorixonalar, oziq-ovgat va gishlog xo‘jaligida keng qo‘llaniladigan materiallar sifatida muhim ahamiyat kasb etdi.
Foydalanishning bunday o‘sishi bakterial patogenlarning hozirgi vaqtda turli xil bakterial kasalliklarni davolashda qo‘llaniladigan ko‘plab
antibiotiklarga garshi chidamliligining kuchayishi bilan bog‘liq bo‘lishi mumkin [3]. Binobarin, sog‘liqni saqlash sohasida turli PMC larning
antibakterial faolligi va ularning turli kasalliklarga qarshi kurashishdagi potentsial ahamiyati bo‘yicha tadqiqotlarga talab ortib bormoqda.

Polimer-metall nanozarrachalar sintezida polimer stabilizatorlari sifatida polivinilprolidon, polietilen glikol, polianilin, poliakrilamid,
polivinilxlorid, xitozan, kraxmal, tsellyuloza va boshqalar ishlatiladi [4]. Ag, Au, Zn, Cu ning metall nanozarralari bakteriya va zamburug*lar kabi
biologik ifloslantiruvchi moddalarni olib tashlash uchun keng qo‘llaniladi [5]. Nano o‘lchamdagi Cu nanozarralari yuqori reaktivligi tufayli
kimyoviy va biologik tozalashda yuqori sifatga ega. Ushbu nanozarrachalarning mikroblarga garshi faolligi ularning ogsil oksidlanishini
qo‘zg‘atish, DNK va RNK molekulalarini parchalash va lipid peroksidatsiyasini boshlash qobiliyatiga bog‘liq. Bundan tashqari, bu nanozarralar
mikrob hujayra membranasiga zarar etkazishi mumkin [6].

Kumush (Ag), simob (Hg), mis (Cu) va qo‘rg‘oshin (Pb) kabi metallar sitotoksiklikni keltirib chiqarishi mumkin. Ushbu metallar
mikroorganizmlar bilan aloga gilganda, ular organizmlarning biologik funktsiyalariga xalaqit berishi mumkin [7]. L-sisteindagi tiol guruhining
metall ionlari tomonidan oksidlanishiga bog‘liq. Tiol guruhlarining oksidlanishi muhim hujayra jarayonlarini buzishi va oxir-ogibat
mikroorganizmlarning biologik funksiyalarini to‘xtatishga olib kelishi mumkin [8]. Shuni ta’kidlash kerakki, sitotoksiklikning o‘ziga xos
mexanizmlari va darajasi nanozarrachalar hajmi, kontsentratsiyasi va magsadli mikroorganizm kabi omillarga garab farqg gilishi mumkin.

Metall ionlari va nanozarrachalarning samaradorligi bakteriya hujayralarining tuzilishiga bog‘liq. Mikroorganizmlarning hujayra devorlari
ogsillar, lipidlar va uglevodlardan tashkil topgan retikulyar tuzilishga ega. Gram-musbat bakteriyalarning hujayra devori galin va mustahkam
peptidoglikan qatlamidan iborat bo‘lib, qalinligi odatda 20-80 nm. Boshga tomondan, gramm-manfiy bakteriyalar 7-8 nm o‘lchamdagi nozikroq
peptidoglikan qatlamiga ega bo‘lib, u manfiy zaryadlangan lipopolisaxarid tashqi membranasi bilan o‘ralgan [9].

Kompozit plyonkalarning antibakterial faolligi E. coli, K. pneumoniae kabi gram-musbat shtammlarga va B. subtilis va S. aureus kabi
gram-manfiy shtammlarga nisbatan tekshirildi. Odatda suvda uchraydigan E. coli diareya, vabo va boshga bakterial infektsiyalarni keltirib
chiqarishi ma’lum. Shuning uchun kimyoviy va biologik ifloslantiruvchi moddalarni olib tashlash uchun oqava suvlarni to‘g‘ri tozalash va
tozalashni amalga oshirish juda muhimdir. So‘nggi yillarda to‘qimachilik, suvni zararsizlantirish va oziq-ovgat mahsulotlarini gadoglash kabi
sohalarda antibakterial materiallarga talab ortib bormogda.

Olingan na’munaning mikro tuzilishi o‘rganilib, mis kukuniga nisbatan E. coli, S. aureus va Pseudomonas shtammlariga nisbatan ancha
yuqori antibakterial faollikni ko‘rsatdi. Ushbu tadqiqot E. coli patogen bakterial shtammiga qarshi mis nanozarralarining antagonistik
xususiyatlarini o‘rganishga qaratilgan. 12 nm o‘lchamdagi nol valentli mis nanozarrachalari (Cu®) inert gaz kondensatsiyasi usuli yordamida sintez
qilindi. Bu argon atmosferasida mis metallining bug‘lanishini, so‘ngra nanozarrachalarning sovushini o‘z ichiga oladi.

Ushbu magqolada biz yangi Polymer-Cu kompleksining antibakterial faolligini sintezi va baholashini taqdim etamiz. Kompleks
polivinilxlorid va polietilenimin anion almashinuvi (PVX va PEI) materialida mis ionlarining sorbsiyasi orgali sintez gilindi ®*. Sintezlangan
Polymer-Cu kompleksi gramm-manfiy E. coli va gramm-musbat S. aureus bakteriyalari shtammlariga garshi kuchli antibakterial xususiyatlarni
namoyish etdi. Ushbu topilmalar bakterial infektsiyalarga garshi kurashda ushbu yangi kompleksning istigbolli salohiyatini ta’kidlaydi.

Materiallar va usullar.
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Materiallar va kimyoviy moddalar

Ushbu tadgiqot ishida ishlatilgan kimyoviy moddalar quyidagilar: Anion almashinuvchi material (IAM) polivinilxloridni (PVC)
poletelinimin (PEI) bilan modifikatsiyasi asosida sintez qilindi [10], mis (II) xlorid tuzi (CuCl, * 2H,0) (Zibo Rongzhi Chemical Corporation ,
Xitoy), etanol (C,HsOH)( Xilong Scientific), etil asetat ( C4HgO,), natriy gidroksid (NaOH), xlorid kislota (HCI), bakterial patogenlar gramm-
musbat Staphylococcus aureus (S.aureus), gramm-manfiy ichak tayoqchasi (E. coli), p.aeruginosa va Miller-Hinton agar (TM) Media, Hindiston.)
ishlatilgan. Ushbu tadgigot ishida ishlatilgan boshga kimyoviy moddalar analitik jihatdan toza edi. 200 ml tubi yassi kolbalar, 100 ml o‘lchov
stakanlari, petri chashkalaridan foydalanildi .

2.2. Antibakterial faollik

lon almashinuvchi smola asosida sintez gilingan polimer-metall kompleksining antibakterial faolligi in vitro sharoitda gram-manfiy E.coli
va gramm-musbat S.aureus bakteriya shtammlarida disk diffuziya usuli yordamida o‘rganildi. Patogen mikroorganizmlar dastlab peptonli bulyon
muhitida 24 soat davomida 37°C haroratda inkubatsiya qilindi. Patogen va shartli patogen mikroorganizmlarning suspenziyalari Petri
chashkachalarning gorizontal yuzasiga Miller-Hinton agar ozuga muhitida (TM Media, Hindiston) sterillangan tayoqgchalari yordamida bir xilda
ekildi. Patogen va shartli patogen bakteriya shtammlari ostirilgan petri chashkachalari biroz quritildi va analitik tarozida 0,01 g dan o‘Ichab olingan
mis polimer kompleks namunalari agarli 0ziq muhitiga joylashtirildi. Namunalar oziga muhitidagi faol moddalarga so‘rilishi uchun 2 soat davomida
muzlatgichda 4°C haroratda saglandi, keyin esa bakteriyalar termostatda 36°C da 16-18 soat davomida inkubatsiya qilindi. Sinovdan o‘tgan
na’munalarning mikroblarga qarshi faolligi sinov shtamplarining o‘sish indeksini kamaygan yoki to‘liq to‘xtatilgan zonalar hajmiga qgarab
baholandi. Har bir tajriba uch marta o‘tkazildi va o‘rtacha giymatlari olindi.

Natijalar va muhokama

3.1. Antimikrobial testlar

Kirby Bauer yondashuvidan foydalangan holda Polymer-Cu kompleksining antibakterial xususiyatlarini aniglash uchun disk diffuziya
testi o‘tkazildi. Tekshiruv uchun gram-manfiy E.coli va gramm-musbat S.aureus patogen bakteriyalarining ikki xil shtammlari olindi. Namunalarni
inkubatsiya qilishdan 24 soat o‘tgach, antimikrobial disk atrofidagi inhibisyon zonasi o‘lchandi. Tagqoslash uchun nazorat namunalari (PVC&PEI,
polimer-Cu kompleksi) tekshirildi. PVC &PEI, PVC&PEI -Cu°® kompleksi va PVC&PEI -Cu*? kompleksining gram-manfiy E.coli va gramm-
musbat S.aureus bakteriya shtammlariga garshi mikroblarga garshi faolligi 5-rasmda keltirilgan. PVC&PEI -Cu® kompleksi. Polimer-metall
kompleks atrofida antibakterial zona mavjud, E. coli uchun 26,5 £ 0,5 mm va S. aureus uchun 15,6 + 0,5 mm, PVC&PEI -Cu*? kompleksida esa E.
coli uchun 20 + 0,5 mm va S. aureus uchun 4,5 + 0,5 mm, antibakterial zonaga ega edi. Diametri patogen bakterial shtammlarga garshi va 50 va
100 mg/g PVC&PEI -Cu*? S. aureus bakteriya shtampiga nishatan antibakterial zona hosil gilmadi. PVV&PEI aninoniti har ikkala bakteriya turira
nisbatan xech ganday antibakterail zona hosil gilmadi. Quyidagi (1-2 rasmda keltirilgan.

1-rasm. Mis-polimer kompleksining a) E. coli va b) S. aureus bakteriya shtammiga nisbatan antibakterial faollik (disk diffuziya usuli
bilan baholangan)
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2-rasm. Antibakterial zona diametrining polimer metal kompleksdagi Cu konsentratsiyasiga bog‘liqligi
Olingan namunalarning patogen mikroorganizmlarga garshi faolligi va zonaning diametri (mm) 1-rasmda tasvirlangan. Antibakterial
zonaning diametri hamda polimer-metall kompleksida mis konsentratsiyasining ortishi bilan ortadi. Mis kontsentratsiyasi 200 mg/g bo‘lgan
PVC&PEI-Cu® kompleksi E. coli da S. aureus bakteriyasi shtammiga nisbatan yuqori. antibakterial samaradorlik berdi.
Mis-polimer kompleksini 573 K haroratda qizdirganimizda polimer yuzasida mis nanozarrachalari hosil bo‘ladi va uning antibakterial
zonasining diametri metall ioninikidan kattaroqdir. PVC&PEI anion almashinuvchisi uchun antibakterial zona kuzatilmadi.
Sxema-2. Polimer-Cu kompleksining bakteriyalarni o‘ldirish sxemasi

Reaktiv kislorod turlari

-
Polimer-Cu

Kompleks
b ¥

Stoplazmani
tashqariga
chigishi

Stoplazmani
tashqariga S

chigishi U

Hujayra membranasini Hujayra deformatsiyasi
buzilishi va o’limi

’ E.Coli hujayrasi

S.Aureus hujayrasi Lipi8 oksitant ‘

Yugoridagi sxemada Polymer-Cu kompleksidagi misning tirik bakteriyalarga ganday ta’sir etishi va ularni o‘ldirish ketma-ketligi
ko‘rsatilgan, unga ko‘ra mis bakteriyalarga quyidagicha ta’sir qiladi:

Xulosa. Mis ionlari polivinilxlorid va karbamid asosidagi PVC&PEI anion almashtirgichga adsorbsiya qilindi va kimyoviy gaytarilish
usuli bilan

-373 -



0¢zMU xabarlari Becrnuxk HYY3 ACTA NUUz | KIMYO | 3/2/1 2024

PVC&PEI -Cu® kompleksi olindi. Sinov na’munalari patogen va shartli patogen mikroorganizmlar bo‘lgan gram-manfiy E.coli va gramm-

musbat S.aureusga qarshi yuqori antibakterial faollikni ko‘rsatdi. PVC&PEI-Cu® kompleksining mikroblarga garshi zona diametri PVC&PEI-Cu*2
kompleksinikidan kattaroqdir, bu polimer yuzasiga sorbsiya bo‘lgan mis metalining konsentratsiyasiga hamda kimyoviy qaytarish yo‘li bilan hosil
bo‘lgan nanoo‘lchamdagi mis nanozarrachalari bilan izohlanadi. PVC&PEI anion almashinuvchisi mikroblarga garshi faollikka ega emas, aksincha
PVC&PEI anion almashinuvchisi asosida olingan PVC&PEI-Cu® kompleksi yuqori antibakterial faollikni ko‘rsatdi. Shuning uchun PVC&PEI-
Cu® kompleksi kanalizatsiya va sanoat chigindilaridan zaharli, og‘ir metallar ionlarini adsorbsiyalash va suvni biologik ifloslantiruvchi
mikroorganizmlardan tozalashda, organik bo‘yoqlarni fotakataliz yo‘li bilan parchalashda, organik moddalarni olishda katalizator sifatida
qo‘llanilishi mumkin.
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8-OKSIXINOLINNING Cu?* IONI VA QAHRABO KISLOTASI BILAN HOSIL QILGAN ARALASH LIGANDLI KOMPLEKS
BIRIKMASINING I1Q-SPEKTRI TAHLILI
Annotatsiya
Ushbu tadgiqot ishida 8-oksixinolinning Cu(ll) ioni va gahrabo kislotasi ishtirokida aralash ligandli kompleks birikmasi sintez jarayoni keltirildi.
Dastlabki ligandlar va olingan kompleks birikma kristalining tuzilishi 1Q-spektri yordamida tahlil qilindi. Tahlil natijalariga ko‘ra ligandlar va
kompleks birikmaga tegishli tebranish chastotalari o‘zaro tagqoslandi.
Kalit so‘zlar: 8-oksixinolin, Cu(ll) ioni, gahrabo kislotasi, antiseptik moddalar, 1Q-spektr, kompleks birikmalar.

HK-CIIEKTPAJIBHBIN AHAJIN3 CMEIIAHHO-JIUT AHJTHOT'O KOMILIEKCHOT'O COEJIMHEHMSI 8-OKCUXUHOJINHA,
OBPA30BAHHOI'O C HOHOM Cu?* U SIHTAPHOM KHUCJIOTOM
AHHOTaIUA
B nanHo# MccnenoBaTenbckoi paboTe npecTaBlieH NPOoLEece CHHTE3a KOMIUIEKCHOTO coeiuHeHus 8-okcuxuHoauHa ¢ noHoM Cu(Il) u sHTapHon
KHCJIOTOM. VICXOHBIC JIMTaHIbl K KPUCTAJUTMYECKYIO CTPYKTYPY HOJIYYEHHOT'O KOMIUICKCHOTO COSIMHEHHS aHaIM3upoBain MerooM NK-criektpa.
Tlo pe3ysbraTtam aHanIn3a CPABHUBAIM YaCTOTHI KOJICOAHUIT INTAHIOB U KOMIUIEKCHOTO COCJHHCHHSI.
KuaroueBble ciioBa: 8-oxcuxunoinuH, nod Cu(ll), SIurapuas kucnora, antucenTuyeckue Bemectsa, MK-crnekrp, KOMIUIEKCHBIE COEIMHEHUSL.

IR-SPECTRUM ANALYSIS OF THE MIXED LIGAND COMPLEX COMPOUND OF 8-OXYQUINOLINE FORMED WITH Cu?
ION AND SUCCINIC ACID
Annotation
This research paper presents the process of synthesis of a complex compound of 8-oxyquinoline with a Cu(ll) ion and succinic acid. The initial
ligands and the crystal structure of the obtained complex compound were analyzed by the IR spectrum method. Based on the analysis results, the
vibration frequencies of the ligands and the complex compound were compared.
Key words: 8-oxyquinoline, Cu(ll) ion, succinic acid, antiseptic substances, IR-spectrum, complex compounds.

Kirish. Shiff asoslari koordinatsion kimyoning rivojlanishida muhim o‘rin tutadi hamda noorganik kimyo, biokimyo va optik materiallarni
ishlab chigarishda muhim mahsulot sifatida ishtirok etadi[1]. Bugungi kunda metall Shiff komplekslari keng o‘rganilmoqda, chunki ular sanoat,
antifungal va biologik preparatlar ishlab chigarish sohasining rivojlanishida shuningdek, siydik yo‘llari infeksiyalarini davolashda 5-(3,4,5-
trimetoksibenzil)primidin-2,4-diamin (trimetoprim) antibiotiki muhim ahamiyat kasb etadi [2,3]. O va N donor atomlarini o‘z ichiga olgan hamda
metall ionlari bilan kompleks birikmalar hosil giladigan xelatlovchi ligandlar keng biologik faollik va turli xil bog‘lanish turlari tufayli alohida
qiziqish uyg‘otadi [4]. Aralash ligand komplekslari biologik ahamiyatga ega bo‘lganligi uchun ham keng o‘rganilgan [5-7]. Trimetoprimning
aralash metall komplekslari hagida bir qgancha ma’lumotlar mavjud [8]. Shunday qilib, aralash ligand komplekslarining sintezi, harakteristikasi va
biologik tadqiqotlarini o‘rganish muhim ahamiyatga ega. Trimetoprim va 2-benzoilbenzoy kislotasi Shiff asosi va 8-oksixinolin bilan aralash
ligand komplekslari shular jumlasidandir. 8-oksixinolin yoki uning hosilalari ishtirokida sintez qilingan kompleks birikmalar o‘simliklarda, gishloq
xo‘jaligida fungitsid va gerbitsid sifatida ishlatiladi. Qolaversa to‘qimachilik, yog‘ochsozlik va qog‘oz sanoatida hamda keng tarqalgan
metallarning komplekslarini hosil gilish uchun ishlatiladi[9,10]. Barcha 8-oksixinolin hosilalarini insektitsidlar, antibakteriallar, fungitsidlar,
neyroprotektivlar va OV ga garshi vositalar sifatida tibbiyotda qo‘llash mumkin [11]. 8-oksixinolin(8-HQ) ning Cu(ll) ioni bilan bir gancha aralash
ligandli kompleks birikmalari sintez gilingan va tadgiq gilingan [12, 13]. Ushbu tadgiqot ishida 8-HQ ning Cu(ll) ioni va gahrabo kislotasi
ishtirokida aralash ligandli kompleks birikmasi sintezi keltirilib, 1Q-spektri tahlili o‘tkazilgan.

Tadgiqot usullari va metodologiya. Dunyoda tegishli ilmiy-tadgiqot markazlarda geterosiklik birikmalarning metallokomplekslari va
ularning biologik faolligini oshirish bo‘yicha qator, jumladan, quyidagi ustuvor yo‘nalishlarda tadqiqotlar olib borilmoqda: komplekslarda
markaziy metall kationiga ligandlarning koordinatsiya bo‘lishini nazorat qiluvchi omillarni aniqlash; aralash-ligandli bargaror xelat birikmalar
sintez qilish; xelat birikmalar asosida biologik faol moddalarmi olish va ta’sirini o‘rganish shu jumladandir.

1Q — spektroskopiya. O‘rganilayotgan kristall moddalar 1Q —spektrlari “IR Traser-100” (SHIMADZU SORR., Yaponiya, 2017)
spektrometrida qayd etildi. Spektrometrning yuqori sezuvchanligi (shovgin nisbati 60,000:1) spektrdagi diapazonlarining past intensivligiga
garamay, turli xil namunalardagi to’lqin miqdorini tahlil qilishga imkon beradi, to‘lqin raqamlari shkalasi - 4000 + 450 sm™. Interferometrning
ishlashini optimallashtirish tizimi ichki o°‘zini tashxislash va o‘rnatilgan avtomatik quritish moslamasi bilan birgalikda foydalanish qulayligini
sezilarli darajada oshiradi, shuningdek, qurilmaning uzoq muddatli barqarorligini ta’minlaydi. Yuqori tezlikda skanerlash rejimining mavjudligi
(soniyasiga 20 spektr) bir necha soniya davom etadigan kuzatuv reaktsiyalariga imkon beradi.

[Cu(CyHgNO),(CH,)(COOH),] kompleks birikmasini sintez gilish uchun analitik tarozida kerakli massalari mos ravishda CuSO,5H,0
kristallogidratidan 25 mg 8-oksixinolindan 58 mg tortib olinib tegishlicha etanol+suvda aralashtirildi, 1:2 molyar nisbatda eritmalari tayyorlandi.
Eritmalar aralashtirilib, gizdirildi va 1-2 tomchi gahrabo kislotasi eritmasidan tomizildi. Magnitli aralashtirgich yordamida 30 dagiga davomida
60 °C haroratda aralashtirildi. So‘ngra erituvchining bug‘lanishi uchun qgoldirildi. 12 kundan so‘ng och ko‘k rangli kristallar o‘sganligi kuzatildi.
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1-sxema. [Cu(CgHsNO),(CH>),(COOH),] kompleksining sintez reaksiyasi

Ushbu kompleksda markaziy atom (Cu) ga ikki molekula 8-oksixinolin va bir molekula gahrabo Kkislotasi bidentant holatda
koordinatsiyalangan. Mis spd?holatda gibridlangan.

Natijalar tahlili: 8-oksixinolin ligandi va sintez gilingan [Cu(CsHgNO), (CH_),(COOH),] tarkibli kompleksning fizik-kimyoviy tahlili,
tarkibi va tuzilishi 1Q-spektr qurulmasi (IK-Furye, SHIMADZU, Yaponiya ) yordamida tahlil gilindi. 1-rasmda 8-oksixinolin ligandining 1Q-spektri
keltirilgan.
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1-rasm: 8-oksixinolinning 1Q-spektri
Olingan tahlil natijalariga ko‘ra, 8-oksixinolin spektrining 3049.46 sm sohasida OH guruhining valent tebranishli chastotasi, 1093.64 sm™ sohada
esa CH- bog‘iga mos deformatsion tebranish, 1625.99 sm™ sohada C=N bog‘ining valent tebranishi, 1579.70 sm™ xinolin xalqasiga hos xalga
tebranish, 1230.94 sm™ sohada C-N bog‘iga mos valent tebranish chastotalari ham kuzatildi.
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2-rasm. Qahrabo kislotasining 1Q-spektri
2-rasmda gahrabo kislotasining 1Q-spekti keltirilgan bo‘lib,unga ko‘ra 2926.01sm™* sohada OH guruhining valent tebranish chastotasi,
1683.85 sm™ sohada C=0 bog‘ining defarmatsion tebranish chastotasi, 1558.48 sm* sohada -COOH guruhiga xos valent tebranish chastotasi
kuzatildi.
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3-rasm. [Cu(CyHsNO), (CH,),(COOH),] kompleks birikmasi 1Q-spektri
Olingan tahlil natijalariga ko‘ra, kompleks birikma spektrining 2983.88 -3072.60 sm* sohada OH bog‘iga mos deformatsion tebranish
chastotasi, 1111.00 sm? sohada esa CH- bog‘iga mos assimetrik deformatsion tebranish, 1589.34 sm™ xinolin xalgasiga hos xalga tebranish,
1192.01 sm™ sohada C-N bog‘iga mos valent tebranish chastotasi, 1683.86 sm™ sohada qahrabo kislotasiga tegishli bo‘lgan C=0 bog‘ining
defarmatsion tebranish chastotasi, 692.44 sm™ sohada Cu -O va 642.30 sm™ Cu -N bog'ining valent tebranish chastotalari kuzatildi.
2-jadval.
Ligandlar va olingan kompleks birikmaning 1Q-spektri tahlili, sm™

OH- C=N Xalga (xinolin) CH Cu-0 Cu-N
CgH7/NO (8-HQ) 3049.46 1625.99 1579.70 1093.64 - -
(CH2)2(COOH). 2926.01 - - - - -
[Cu(CoHsNO)2 (CH2)2(COOH)2] 2983.88-3072.60 1683.86 1589.34 1111.00 692.44 642.30
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Xulosa. 8-oksixinolinning Cu(ll) ioni va gahrabo kislota ishtirokida aralash ligandli kompleks birikmasi olinib, uning monokristali

o‘stirildi. Kompleks birikma kristalining tuzilishi keltirildi. Kompleks birikmada Cu ning koordinatsion soni 6 ga teng. Ikki molekula 8-oksixinolin
va bir molekula gahrabo kislotasi bidentant holatda koordinatsiyalangan. 1Q-spektri tahliliga ko‘ra dastlabki ligandlarning tegishli guruhlariga xos
tebranish chastotasi kuzatildi. Kompleksning 1Q-spektrida 692.44 sm™ sohada Cu -O va 642.30 sm™ Cu -N bog‘ining valent tebranish chastotalari
kuzatildi.
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11.
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13.
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SYNTHESIS AND PHOTOCATALYTIC PROPERTIES OF CARBON DOTS g-C3N4/CdZnS
Annotation

In this paper, the main methods for the synthesis of carbon dots are considered, including hydrothermal, pyrolytic, ultrasonic and electrochemical
approaches. Particular attention is paid to the influence of particle size, surface and heteroatom doping on their photocatalytic properties. Carbon
dots have significant potential in photocatalysis, including the degradation of organic pollutants, photocatalytic water decomposition and other
redox processes.

Key words: Carbon dots, photocatalysis, synthesis, nanoparticles, hydrothermal method, pyrolysis, optical properties, degradation of organic
pollutants.

CHHTE3 U ®OTOKATAJIUTHYECKHUE CBOMCTBA YIJIEPOIHBIX TOUYEK g-CsN,/CdZnS
AHHOTaIUA

B nanmoii paboTe paccMaTpHBAIOTCS OCHOBHBIE METOABl CHHTE3a YIJIEPOAHBIX TOUYEK, BKJIIOYAs THAPOTEPMAIIbHBIC, MHPOIHTHICCKHE,
YJIBTPA3BYKOBBIC M 3JICKTPOXMMHUECKHE MOAX0Abl. Oco00e BHHMaHME YICICHO BIMSHUIO pa3Mepa YacTHIl, MOBEPXHOCTH M JIONMHUPOBAHMS
reTepoaToMaMu Ha uX ()OTOKATATUTHYECKHIE CBOWCTBA. YTIIEPOJHBIC TOUKH 00 AaI0T 3HAYUTEIBHBIM IIOTEHIHAIOM B (DOTOKATAJIH3E, B TOM YHCIIE
UL IeTpajlallid  OPTAaHMYECKHX 3arpsi3HUTENEH, (OTOKATAMMTHYECKOTO PAa3IOXKEHUsI BOIbI M OPYTHX OKUCIHTENBHO-BOCCTAHOBHTENBHBIX
TIPOLIECCOB.

KaroueBble ciioBa: YTriepoaHble TOUKH, (HOTOKATANIN3, CHHTE3, HAHOYACTHIBI, THAPOTEPMAIBHBII METOM, MHUPONU3, ONTHYECKHE CBOWCTBA,
Jerpajalys OpraHmIeCKuX 3arpsi3HUTENEH

g-C3N4/CdZnS UGLEROD NUQTALARINING SINTEZI VA FOTOKATALITIK XOSSALARI
Annotatsiya

Ushbu ishda gidrotermik, pirolitik, ultratovush va elektrokimyoviy yondashuvlarni o'z ichiga olgan uglerod nuqtalarini sintez gilishning asosiy
usullarini ko'rib chiqilgan. Zarrachalar o’lchami, sirt yuzasi va geteroatomlar bilan legirlash ularning fotokatalitik xossalariga ta'siriga alohida
e'tibor beriladi. Uglerod nugtalari fotokatalizda muhim potentsialga ega, shu jumladan organik ifloslantiruvchi moddalarning parchalanishi, suvning
fotokatalitik parchalanishi va boshga oksidlanish-gaytarilish jarayonlari.

Kalit so‘zlar: Uglerod nugtalari, fotokataliz, sintez, nanozarrachalar, gidrotermik usul, piroliz, optik xossalar, organik ifloslantiruvchi
moddalarning parchalanishi.

Kirish. Uglerod nugtalari o'lchamlari 10 nm dan kam bo'lgan uglerod nanozarralari bo'lib, ular noyob fizik-kimyoviy xossalari tufayli
katta e'tiborni tortdi. Ushbu nanomateriallar yuqori fotolyuminestsentsiya, biomoslashuv, kimyoviy bargarorlik va atrof-muhitga zarar
yetkazmaydi, bu ularni biotibbiy tasvirlash, optoelektronik qurilmalar va fotokataliz kabi keng ko'lamli ilovalar uchun istigbolli yo’nalishlardan
biri bo’lib kelmogda [1-3].

Uglerod nugtalarining fotokatalitik xossalari ularning to‘lqin uzunliklarining keng diapazonida yorug‘likni yutish va organik
ifloslantiruvchi moddalarni parchalashi va turli oksidlanish-qaytarilish reaksiyalarida ishtirok etishi mumkin bo‘lgan reaktiv kislorod turlarini hosil
qilish qobiliyati bilan bog‘liq. Titan oksidi (TiO-) kabi an'anaviy fotokatalizatorlardan farqli o'laroq, uglerod nuqtalari bir gator afzalliklarga ega,
jumladan, arzonligi, zaharsizligi va zarrachalar o’lchamini, sirt funktsional guruhlarini o'zgartirish va geteroatomlar (azot, oltingugurt, fosfor).

Ushbu ishning magsadi uglerod nugtalarini sintez gilishning zamonaviy usullarini ko'rib chigish va ularning fotokatalitik xususiyatlarini
o'rganish, shuningdek, katalitik jarayonlarda ushbu nanomateriallarning samaradorligiga ta'sir giluvchi omillarni tahlil gilishdir.

Tajribaviy gism. Kadmiy atsetat digidrat (98,0%, Reahim, Rossiya), Melamin (99%, Sigma Aldrich, AQSH), selenli metall kukuni
(99,5%), rux atsetat digidrat (98,0%), indiy asetat (I11) (99%, Sigma Aldrich, AQSH), tioatsetamid (98%) (); olein kislotasi (sof, TU 6-09-5290-
86), natriy gidroksid (analitik toza, GOST 4328-77), metilen ko‘k (99%, Lenreactiv, Rossiya), 1,4-benzokinon (99%, Reahim, Rossiya),
rektifikatsiyalangan etanol (GOST 18300-87), n - geksan (sof), distillangan suv (pH=7).

g-C3N4 tuzilmalari melaminni 10 gradus/min dan 500 °C (120 min) gacha qizdirish tezligida va azot atmosferasida 30 minut davomida
500 °C ushlab turish tezligida termal parchalanishi natijasida olingan. 0,133 g (0.5 mmol) kadmiy asetat dihidrat, 0,110 (0.5 mmol) rux asetat
digidrat, 0,19 g (2.5 mmol) tiokarbamid va 0.5 g (4 mmol) melamin CdZnS/g-C3N, tuzilmasini olish uchun aralashtirildi. CdZnS va ZnIn2S4
namunalari melamindan foydalanmasdan o'xshash sharoitlarda sintez gilingan [4-6]. g-C3N4 tuzilmalarining sintezi melaminning 500 °C haroratda
parchalanishi orgali amalga oshirildi. Piroliz vagtining ta'sirini o'rganish uchun g-CsN4 550 °C da mos ravishda 0, 15, 30, 60, 120 va 240 dagiga
davomida sintez gilindi. CdZnS/g-C3N, va ZnIn,S4/g-C3N,4 geterostrukturalari oltingugurt manbai sifatida melamindan va bu metallarning atsetatlar
aralashmasidan tiokarbamiddan katta migdorda sintez gilingan (1-rasm).
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1-rasm. Uglerod nugtalarining sintezi va fotosuratlari sxemasi.

Tayyorlangan barcha namunalar och sariq rangda edi. Yutilish spektrlari Perkin Elmer Instrumental LAMBDA 35 UV/VIS Spektrometrida
olingan.

Lyuminestsent spektrlari Cary Eclipse (Varian) spektrofluorimetrida qayd etilgan. Natijalami olish 25 °C haroratda o'tkazildi.

Kvant nugtalar (KN) ning gidrodinamik o'lchamlari va nanozarrachalarning o'lchamli tagsimoti 632,8 nm da diapason Malvern Zetasizer
nano qurilmasida aniglandi.

Natijalar muhokamasi

Mualliflar [7] ma'lumotlariga ko'ra, energetik qo'zg'alish cho'qqisining holati quyidagi formula yordamida KNlarning o'rtacha o’lchamini
baholash uchun ishlatilishi mumkin:

D = (1,6122:10°) A% — (2,6575-10°6) 23 + (1,6242-10%)-2 — 0,4277-A + 41,57 (1)

bu erda A - yutilish spektrlaridagi birinchi go'zg'alish cho'qgisining to'lgin uzunligi (1-rasm).

Limon kislotasi va karbamid bilan o'tkazilgan tajriba natijasida past konsentratsiyalarda fotoluminesansning intensivligi oshdi, lekin yugori
konsentratsiyalarda fotoluminesansning go'zg'alishi olinmadi. Buning sababi shundaki, CKN va karbamidning past konsentratsiyasida reaktsiya
tezligi juda sekin. Reaksiya vaqti prekursor kontsentratsiyasi ortishi bilan ortishi kuzatildi (2-rasm).
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2-rasm. g-C3N,4 va CdZnS/g-C3N4 kompozitlarining yutilish spektrlari
Uglerod nugtalarining o'lchami Solver Pro-M atom kuchlari mikroskopi (AFM) (NT-MDT, Rossiya) yordamida olingan. Shu magsadda
70 mL uglerod nugta eritmasi sirt yuzasiga quyidagi parametrlar bilan santrifulash orgali go'llanildi: 250 r/min da 3 s va 1000 r/min da 25 s. KNIlarni
15 dagiqa davomida 120 °C haroratda bir meyorda ushlab turilgandan so’ng, ulaming o'lchamlari o'lchandi.
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3-rasm. g-C3N, uglerod nuqtalarining AFM tasvirlari, ularning o’lcham tagsimotining mos keladigan gistogrammalari.
Furye transformatsion infragizil spektroskopiya (FTIR) spektrlari Nicolet Nexus spektrometrida KBr granulalariga o'rnatilgan namunalarda qayd
etilgan. Bunda infragizil yutilish spektrini hosil gilish orgali molekuladagi kimyoviy bog'lanishlarni aniglaydi (4-rasm).
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4-rasm. 400-2000 sm™ va 2000-4000 sm™* oralig'ida turli vaqt davomida ishlov berilgan g-CsN, namunalarining FT-IR spektrlari (b)
4-rasmda g-C3N, KNning amorf uglerod nugtalarining AFM tasvirlari, ularning o'lchamlari tagsimotining tegishli gistogrammalari
ko'rsatilgan. AFM tasvirlari va ularning o'lchamlari tagsimotining tegishli gistogrammalariga ko'ra, rasmda keltirilgan g-C;N,4 kvant nugtalarning
oddiy uglerodli uglerod nugtalari o'rtacha 2,4 + 0,8 nm va 1,8 + 0,8 nm bilan tavsiflanadi. Shuni ta'kidlash kerakki, uglerodning dializ jarayoni,
shuningdek, amorf uglerod nuqtalari, ularning o'rtacha o’lchamini kichrayishiga olib keldi.
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g-C3N4/CdznS/uglerod nugtalari kompozitsiyasi alohida komponentlarga nishatan yaxshilangan fotokatalitik faollikni ko'rsatdi. Buning
sababi shundaki, uglerod nugtalari sezgirlashtiruvchi rolini o'ynaydi va yaxshilangan zaryadni ajratish va elektron uzatishni oshirish orgali kvant
samaradorligini oshirishga yordam beradi.

Uglerod nugtalarining mavjudligi va ularning kompozit bilan o'zaro ta'siri tufayli ko'rinadigan yorug'lik ta'sirida organik ifloslantiruvchi
moddalarning parchalanish reaktsiyasida fotokatalizatorning bargarorligi va samaradorligini sezilarli darajada oshirishga erishish mumkin edi.

Olingan natijalar suvni tozalash, havoni tozalash va fotokatalizni talab giladigan boshqa jarayonlarda foydalanish mumkin bo'lgan g-C3N4
va CdZnS asosidagi an‘anaviy fotokatalizatorlarni o'zgartirish uchun uglerod nugtalaridan foydalanish va'dasini ko'rsatadi.

Xulosa. Ushbu ishda limon kislotasi asosidagi amorf va uglerod nuqtalarining strukturaviy va optik xususiyatlari 180 dan 320 °C gacha
bo'lgan sintez haroratida olingan va o'rganilgan. Atom kuchlari spektroskopiyasidan foydalanish dializ jarayonidan oldin va keyin (2,4 + 0,8) amorf
va uglerod nugtalarining o'lchamlarini olish imkonini berdi. g-C3N4/CdZnS kompozitining uglerod nugtalarini sintez gilish orgali yaxshilangan
fotokatalitik xususiyatlarga ega fotokatalizatorni olishning samarali usuli muvaffagiyatli ishlab chigildi.

Ushbu tadgigot Rossiya fundamental tadgigotlar fondi va Tatarston Respublikasi hukumati tomonidan 15-37-20441 - ragamli ilmiy loyiha
doirasida moliyaviy go'llab-quvvatlandi.
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SOME PHYSICO-CHEMICAL DIMENSIONS OF SUPRAMOLECULAR COMPLEXES OF GALLIC ACID WITH
GLYCYRRHIZIN ACID AND ITS SALTS
Annotation
In this state, glycyrrhizic acid and its products are present in several different ratios of gallic acid, i.e. 1:2; 1:4; Information is provided on methods
for obtaining new supramolecular compounds obtained in a molar ratio of 1:8, and some physicochemical properties of the resulting compounds.
The results of the analysis of the chemical structure obtained by a new method of IR and UV spectroscopy are presented.
Key words: molar ratio, glycyrrhizic acid, gallic acid, spectrum, IR and UV spectroscopy, structure, physiologically active compounds..

HEKOTOPBIE ®M3AKO-XUMHAYECKHUE PAZMEPBI CYIIPAMOJIEKYJISIPHBIX KOMILJTIEKCOB I'AJITMEBOM KMCJIOThI
C TJIMIAPPAUMHOBOM KACJIOTOM M ET'O COJISIMUA
AHHOTaIUA

B nanHOI cTaThe IIMIMPPU3NHOBAS KHCIIOTA U €€ IPOM3BOJHBIC IPEACTABICHBI B HECKOJIBKHX PA3INYHBIX COOTHOLICHUSIX TaJUIOBOM KHCIIOTEI, T.€.
1:2; 1:4; IIpuBeneHbl CBEJCHUS O METOAAX MOJIYYEHHUS! HOBBIX CYNPaMOJIEKYJISIPHBIX COEAMHEHHH, TIOJIy4€HHBIX B MOJIbHOM COOTHOIIEHUH 1:8, 1
HEKOTOpPBIX (U3UKO-XUMUUYECKUX CBOMCTBAaX IOIy4YeHHBIX coeiuHeHuil. IIpencTaBieHBl pe3ynbTaThl aHAIM3a XHMHYECKOH CTPYKTYpBI
MOJTYYEHHBIX HOBBIX coeuHeHuit merogamu K- n Y d-cniekrpockonuu.

KuroueBble ¢J10Ba: MOJISIPHAsi COOTHOLIECHHS, IJIMLEPPU3UHOBAsT KUCIIOTA, rajioBas kucnora, crekrp, UK- u Y®-cnekTpockonus, cTpoeHue,
(hHU310I0TUUECKU aKTUBHOE COSJUHEHHUS.

GALL KISLOTASINING GLITSIRRIZIN KISLOTA VA UNING TUZLARI BILAN SUPRAMOLEKULYAR
KOMPLEKSLARINING AYRIM FIZIK-KIMYOVIY KATTALIKLARI
Annotatsiya
Ushbu maqolada glitsirrizin kislotasi va uning hosilalari bilan gall kislotasining bir necha xil ya’ni 1:2; 1:4; 1:8 molyar nisbatlarda olingan yangi
supramolekulyar birikmalarini olish usullari va olingan birikmalarning ayrim fizik-kimyoviy xususiyatlari to’g’risidagi ma’lumotlar berildi.
Olingan yangi birikmalarning kimyoviy tuzilishini 1Q- va UB-spektroskopiya usullaridagi taxlil natijalari keltirildi.
Kalit so’zlar: molyar nisbatlar, glitserrizin kislota, gall kislota, spektr, 1Q- va UB-spektroskopiya, struktura, fiziologik faol birikma.

Kirish. Jahonda ko‘pgina yirik tadqiqot markazlarida o‘simlik xom-ashyolari asosida olingan yugori samarali, biologik faollikka ega
bo‘lgan stimulyatorlarni yaratish bo‘yicha tegishli ilmiy yechimlarni asoslash: gall kislota bilan glitsirrizin kislotasi (GK) va uning ayrim tuzlari
bilan supramolekular komplekslarini olish, ularing suvda eruvchanlik xususiyatlarini oshirish hamda ularni gayta ishlash sanoati chigindilaridan
qishloq xo‘jaligi ekinlari uchun bioo‘g‘it olishga yo‘naltirilgan ilmiy izlanishlar olib borilmoqda. Bu borada shirinmiya (Glycyrrhiza glabra L.)
o‘simligi chiqindilarini utilizatsiya qilish va ulardan gishloq xo‘jaligi ekinlari uchun bioo‘g‘it olishga alohida e’tibor berilmoqda.

Mamlakatimizda A.A.Toychiev, D.N.Dalimov, A.A. Axunov, H.H.Qo’shiev, A.D.Matchanov, M.B.Gafurovlar tomonidan olib borilgan
tadqiqotlarda ham ayrim qishloq xo’jaligi o’simliklarining o’sish va rivojlanishiga fiziologik faol moddalarning ta’siri tadqiq gilingan. Shunga
ko’ra, tabiiy birikmalarni olish va ular asosida supramolekulyar komplekslarini olish, fizik-kimyoviy va o’simliklarning o’sishi hamda
rivojlanishiga ta’sirini aniqlash bilan bog’liq ilmiy tadqiqotlarni amalga oshirish ilmiy-amaliy ahamiyatga ega. Ko’p xollarda modifikatsiyalangan
tabiiy birikmalar o0’zining ba’zi fizik va kimyoviy xossalari jixatidan tabiiy moddalardan ustunlik jixatlariga ega. Yuqorida ko’rsatilgan moddalar
qgatoriga glitsirrizin kislotasi va uning hosilalarini kiritish mumkin.

GK va ularning hosilalari asosida dori vositalari yaratilishida uning gel hosil qilish xususiyati asosiy omillardan biri bo‘lib hizmat qiladi
[1-2].

Shuni e’tiborga olgan holda ushbu tadqiqot ishida glitsirrizin kislotasi va uning monoalmashingan hosilalarining gall kislotaga ta’sirining
kimyoviy mexanizmi va uning tuzilishini 1Q- va UB- spektroskopik analiz usullarida tadqgiq gilishni magsad qgildik.

Mavzuga oid adabiyotlar tahlili. Gall kislota tarkibi CsH,(OH);COOH dan iborat bo’Igan polifenol birikmadir. Gall kislota monogidrat
shaklida bo‘lib, rangsiz kristall modda. Erish harorati 220-221°C. Eruvchanligi (g 100 ml erituvchida): suvda - 1,16 (25 °C), 33 (100°C); etanol-
27,2 (25 °C); efir-2,5 (15 °C) [3]. Ishqoriy eritmalarda gall kislotasi kislorodni yutadi. Ohak suvi (kaltsiy gidroksid) va ammiak bilan gall kislotasi
oq cho’kmalar hosil giladi. Tanninlardan farqli o’laroq, gall kislotasi jelatinni cho’ktirmaydi. U gizdirilganda oltin va kumush tuzlarini gaytara
oladi, shuningdek, kislotali kaliy permanganat eritmasini beradi. Feling suyuqligi gall kislotasi bilan kamaymaydi. Gall kislotasi tabiatda eng ko’p
uchraydigan organik kislotalardan biridir [3-4].

Tadgigot metodologiyasi. Ushbu tadgiqgot ishininig magsadi gall kislotasining tanlovchanlik xususiyatini oshirish va ularning suvda
eruvchanlik muammolarini hal etish orqali farmakologik ta’sirini kengaytirish, zaharlilik darajasini kamaytirish maqsadida glitserizin kislotasi
(GK) hosilalari bilan supramolekulyar birikmalarini olish va ularning fizik-kimyoviy xususiyatlarini o’rganishdan iborat.

Tadgigot avvalida glitsirrizin kislota (GK) va uning monoammoniyli tuz (GKMAT) bilan gall kislotasining 1:2, 1:4, 1:8 nisbatlardagi
supromolekulyar birikmalari olindi. So’ngra ularning fizik-kimyoviy xususiyatlari o’rganildi. Sintez gilingan birikmalar tuzilishi 1Q- va UB-
spektroskopiya usullarida tadgiq qilindi.

Tahlil va natijalar. GKMAT bilan gall kislotasining 1:2, 1:4, 1:8 nisbatlarda supromolekulyar birikmalarini olish uchun yangi sintez
gilingan GK ning monoammoniyli tuzi, gall kislota, organik erituvchilardan; xloroform, benzol, atseton “k.t”, etil spirti “t.”, atsetonitril, dietilefir,
sulfat kislotalardan foydalanildi.
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Dastlabki va sintez gilingan moddalarning tuzilishi 1Q spektrlari - ElImer System 2000 FT-IR (Yaponiya) spektrometrida, UB spektri —-UB
1280 spektrometrlarida (Yaponiya) tadqgiq gilindi.

Ma’lum miqdordagi GK ga aralashtirib turgan holda etil spirti muhitida tanlangan qulay sharoitlarda gall kislota ta’sir ettirildi. Reaktsiya
oxiriga etgach, reaktsion aralashma filtrlab olinib, erituvchi rotorli bug’latgich yordamida vakuumda haydab olindi, suvli qismi liofil quritgichda
quritildi. Olingan suprmolekulyar kompleks suvda yaxshi eriydi, 183 °C da parchalanadi.

-Gall kislotasining GK (1:2) hamda GKMAT bilan 1:2, 1:4 va 1:8 nisbatlarda supromolekulyar komplekslari quyidagi umumiy 1-sxemaga
asosan olindi.

1-sxema

Ogy~OH
+
H OH

OH HO

COOH

n HO

n

Gall kislotasining GKMAT bilan 1:2, 1:4 va 1:8 nisbatlarda supromolekulyar komplekslari suv-spirt sistemasida olindi. Olingan
komplekslarning fizik-kimyoviy kattaliklari hamda eruvchanligi aniglandi. Hosil gilingan supramolekulyar komplekslar och sariqg rangli kukun
holidagi moddalar bo’lib, barcha komplekslar suvda va suv-organik erituvchilardan iborat sisitemalarda yaxshi eriydi, toza organik erituvchilarda
esa erimaydi. Sintez gilingan moddalarning ayrim fizik-kimyoviy xususiyatlari 1- jadvalda keltirildi.

1-jadval
GK gallat tuzi va GKMKT ning gall kislota supramolekulyar komplekslarining ba’zi fizik-Kimyoviy tavsiflari

Ne Sintez gilingan moddalar Tsuyug. °S Unum % Eruvchanlik

Mol nisbatlar (par)
1 GK:GallK 1:2 18343 98 Suv, suv-etanol, suv-atsetonitril
2 TKMKT:TamiK 2:1 1:2 198+1 99,3 Suv, suv-etanol, suv-atsetonitril
3 TKMKT:TawiK 4:1 1:4 200+£1 98.4 Suv, suv-etanol, suv-atsetonitril
4 I'KMKT:T'amK 8:1 1:8 202+1 98,2 Suv, suv-etanol, suv-atsetonitril

GKMKTning supramolekulyar komplekslari GK xosil gilgan komplekslarga nisbatan suvda eruvchanligi yugori. Bundan tashgari GK va
GKMKTning bir xil modda bilan hosil gilgan komplekslarining biologik faolligi turlichadir.

Ma’lumki, IQ-spektroskopiya tekshirilayotgan modda tarkibidagi atom va molekulalarning tebranma harakati bilan bog’liq bo’lgan
nazariyaning asosini tashkil etadi.

Bu usul yordamida alohida reagentlar va komplekslarning spektridagi yutilish chiziqlari orasidagi farqlar asosida yangi ta’sirlashuv hamda
hosil bo’lgan yangi bog’lanishlar haqida xulosa chigarish imkoni mavjudligini hisobga olib, tadqiqotlarimiz natijasida olingan yangi
supramolekulyar komplekslarning tuzilishini tadgiq gilish uchun 1Q —spektroskopiya usulidan foydalanildi.

Molekulalardagi atomlar va atom guruhlariga xos bo’lgan tebranishlar shakli ayni chastotada tebranayotgan barcha atomlarning tebranish
amplitudasiga va 0’z navbatda, normal tebranish vaqtidagi kimyoviy bog’ uzunligi va bog’lararo burchakning o’zgarishiga bog’liq bo’ladi. Agar
molekula tebranishi natijasida atomlararo kimyoviy bog’ (yoki bog’lar) gisqarsa yoki uzaysa molekulaning bunday xarakati shakli valent
tebranish deb ataladi. Valent tebranishlar soni molekuladagi kimyoviy bog’lar soniga teng bo’ladi [5].

cm:-1

1-rasm. Gall kislota va GKMATNning 2:1 nisbatidagi kompleksining 1Q- spektri.

Alohida Gall kislotaning 1Q- spektri va GKMKTning Gall kislota bilan 1:2 nisbatidagi supramolekulyar kompleksining 1Q- spektri
taqqoslanganda taxlil natijalari ko’rsatishicha, supramolekulyar komplekslarning spektrlarida kompleks birikmalar tarkibidagi gidroksil (OH)
guruhlarning valent tebranishlari 3212 sm* sohada kuzatilgan bo'lsa, gall kislotaning gidroksil (OH) guruhlarning valent tebranishlar 3300-3400
sm™ sohada namoyon bo’ladi. supramolekulyar kompleksdagi karboksil guruhi karbonilarining valent tebranishlari 1701,43- 1615 (CO) sm?
sohalarda kuzatilsa, GK tarkibidagi karboksil guruhlarining karbonillari valent tebranishlari 1725-1651sm™ sohada kuzatiladi (1-rasm).

Kompleks molekulasidagi (CH,-CHs) guruhlarga tegishli 1591,17 sm™ tebranishlar, GK tarkibidagi 1454,33 sm™* (CH,-CHj3) sohada
kuzatiladi. Spektral sohalardagi yutilish chiziqlari orasidagi tegishli farqlar yangi ta’sirlashuv hamda hosil bo’lgan yangi bog’lanishlar haqida
xulosa chigarish imkoni beradi. Olingan yangi supramolekulyar komplekslarning UB-spektrlari va 1Q-spektrlarining giymatlari 2-jadvalda
keltirildi.

2-jadval
Olingan moddalarning UB-spektr va 1Q-spektrlari

Ne Olingan moddalar UB-spektr (50 % | 1Q-spektr (v, sm)
etanol,Amax ,nm) (Ige)
1 GK: GallK 257(4,7) 3375(0H),2920,23-2858,15(CH),
1714,72(C=0),1645,28(C=0),
1595,13(CH,-CHs), 1556,559(CH),
1504,48-1454,33(CH), 1386,82(CO0"),
1307,74-1261,45(CH), 1211,30(CH),
1165(C-0-C,C-OH),1041,56(C-O-C,C-OH), 981,71(=CH)
2 TKMKT a TaniK | “8) V(OH,)=3312, v(CH, CHz, CH3)=2943, v(C=0)=1701, v(C1:=0, C=C)=1615,
2:1 219(4'9) v(CO07)=1598, 3(CHz, CH3)=1452, , §(CH)=1388, 1328, 1211, §(C-O-C, C—
g OH)=1165, V(C—-O—C)=1032, 5(=CH)=981
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3 TKMKT a TaniK [ ey o) v(OH,)=3319, v(CH, CH, CHz3)=2948, v(C=0)=1716, W(C1:=0, C=C)=1621,
41 22(43) v(CO0")=1595, §(CHp, CHa)=1452, , 3(CH)=1347, 1212, §(C-O-C, C—
' OH)=1173, v(C-0-C)=1032, §(=CH)=978
4 TKMKT pa TamiK | 257(4,9) v(OH,)=3315, v(CH, CHy, CH3)=2942, v(C=0)=1700, V(C1:=0, C=C)=1602,
8:1 V(COO)=1588, §(CHp, CHa)=1387, , 3(CH)=1362, 1213, 8(C-O-C, C—
OH)=1172, ¥(C-0-C)=1032, 5(=CH)=979

Adabiyotlarda qayd etilishicha, GK molekulasining “mehmon-mezbon” holidagi klatrat birikmalar hosil gilish xususiyati, uning tibbiyotda
qo’llaniladigan bir gator dori vositalari bilan bir qator supramolekulyar komplekslarini olish va ularning molekulyar kapsullash samarasi hisobiga
faolligini oshirish hamda davolash indeksini kengaytirish magsadida qo’llanilgan [6-7].

Odatda supramolekulyar birikmalar hosil bo’lish jarayonida mezbon molekulada bir necha bog’lanish hosil qiluvchi faol markazlar
mavjudligi va bu molekuladagi komplementarlik xususiyati mezbon molekulaning mehmonlarni aniq belgilangan tuzilma bo’yicha tanlab olish
imkonini beradi. Bu esa mezbon va mehmon molekulalarning geometrik tuzilishi ya’ni retseptor molekulasidagi bo’shliqning diametri substrat
molekulasining radiusiga mos kelishi kerakligi bilan izohlanadi [8].

GKMKTning Gall kislota bilan supramolekulyar komplekslari stexiometrik tarkibi Ostromo’slenskiy—Jobaning izomolyarli tizim metodi
bilan aniqlandi. Tadgiqot natijalari ko’rsatishicha, komplekslarning tarkibiy qismlari 2:1 nisbatda hosil bo’ladi. Quyidagi grafikaviy egri chizigda
ko’rsatilganidek, komponentlarning nisbatiga ko’ra optik zichlikning o’zgarishidan kompleksning izomolyar tizimi ko’rsatkichi =~ 2,0 ga teng
bo’lib, shunga asosan kompleksdagi komponentlar nisbati 2:1 nisbatda bo’lishi qayd qilindi (2-rasm).

3

-
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2-rasm. A=212 nm da (S (GallK=10"* M, S(GKMKT) =10 M, pH=7,2) komponentlar izomolyar tizimi nisbatiga ko’ra optik zichiligi (AA) ning
o’zgarishi.

Supramolekulyar kompleks (I) tizimi egri chizig’iga ko’ra ko’rsatilganidek, 240 va 320 nm oralig’idagi nuqtalarda spektrlarning yutilishi
kuzatiladi (3-rasm). Ma’lumki, spektrdagi izobestik nuqtalarning mavjudligi ma’lum oraligda sistemadagi komponentlardan bitta tipga mansub
kompleks shakllanganligini izohlaydi. Shunga ko’ra eritmada GKMKT va GallK komponentlari asosida GKMKT: GallK kompleksi aniglandi:

GKMKT-GallK < GKMKT- GallK

Tarkibi 2:1 nisbatda bo’lgan eritmadagi komplekslar nisbati bo’yicha K koeffitsienti hisoblanib, shu asosida kompleks hosil bo’lish
jarayoni uchun Gibbs erkin energiyasi (AG) hisoblandi.

Xulosa va takliflar. Shunday qilib Gall kislotaning GKMKT bilan olingan supramolekulyar komplekslari stabillashishida GKMKT
molekulasi tarkibidagi korbonil guruhi kislorodi va Gall kislotaning molekulasidagi gidroksil guruhi hamda o’zida umulashmagan juft elektronlarni
saglagan azot atomi molekulalararo dipol-dipol o’zaro ta’sir va vodorod bog’lari ishtirok gilishi aniglandi.

Kompleks birikmalar vodorod bilan bog’lanadigan qo’shimcha umumlashmagan juft elektronlar yordamida elekromanfiyligi yugqori
bo’lgan atom saqlagan ta’sirlashayotgan molekulalar orasida ikki juft atomlarning 0’zini-0’zi yig’ishi jarayoni supramolekulyar birikmaning hosil
bo’lishi asosida yuzaga kelishi imkonini beradi.

GKMKTning Gall kislota bilan 1:2, 1:4, 1:8 nisbatlardagi supromolekulyar komplekslari va GK ning gallat tuzini olish metodikasi ishlab
chiqildi, ularning fizik kimyoviy xossalari 0’rganilib, tuzilishi IQ- va UB- spektroskopiya usulida tadgiq gilindi.
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STUDY OF THE CYANIDATION REACTIONS OF ALIPHATIC AMINES
Annotation
The article presents data on the synthesis of a-aminonitriles on the basis of ethylenediamine and a number of other secondary and primary aromatic
amines. Acetone cyanohydrin, sodium, potassium and ammonium salts of cyanic acid were used as the cyaniding agent.
Key words: methylamine, ethylamine, dimethylamine, diethylamine, morpholine, piperidine, acetone cyanohydrin, sodium cyanide, potassium
cyanide, ammonium cyanide, product yield, IR spectra.

NUCCJIEJOBAHUE PEAKIIUI HUAHUPOBAHUS AJIM®ATUYECKAX AMUHOB
AHHOTaIUsS
B cratbe mNpuBENCHBI JaHHBIE 110 CHHTE3y O-aMUHOHHMTPUIIOB Ha OCHOBBI ajlH(aTHUECKMMH aMHHaMH. B pONM IHAaHUPYIOLIETO arcHTa
UCIIOJIb30BaHbI AllETOHIMAHT UAPHH, HATPUEBOE, KAJIMEBOE U aMMOHHEBOE COJIM IIMAHUCTOM KUCIIOTHI.
KaioueBble c10Ba: METHIAMUH, STHIAMIH, AUMETHIAMIH, AU TUIAMUH, MOP(OJIHH, MHIEPUANH, alCTOHIHAHTUIPUH, HATPHI [HAHU], KaJIni
LUaHKU], aMMOHHH ITMaHU], BBIXOA MpoaykTa, MK-criekTpsl.

ALIFATIK AMINLARNING SIANLASH REAKSIYALARINI TADQIQ ETISH
Annotatsiya
Magqolada a-aminonitrillarning alifatik aminlar bilan turli sianlovchi agentlar ishtirokidagi sintezlari haqidagi ma’lumotlar keltirilgan. Sianlovchi
agentlar sifatida atsetonsiangidrin, hamda sianid kislotasining natriyli, kaliyli va ammoniyli tuzlaridan foydalanilgan.
Kalit so‘zlar: metilamin, etilamin, dimetilamin, dietilamin, morfolin, piperidin, atsetonsiangidrin, natriy sianid, kaliy sianid, ammoniy sianid,
mahsulot unumi, 1Q spektrlari.

Kirish. Bugungi kunda dunyoda biologik faolligi yuqori bo‘lgan, tarkibida turli funksional guruhlar saqlagan yangi organik molekulalarni
magqsadli sintez qilish usullarini ishlab chiqish va ularni amaliyotda qo‘llash juda muhimdir. Bunday molekulalar orasida aminonitrillar va ularning
modifikatsiya mahsulotlari muhim o‘rin tutadi. Bu yo‘nalishda import o‘rnini bosuvchi va eksport uchun yo‘naltirilgan yuqori samarali preparatlar
yaratish, ularning biologik xossalarini yanada yaxshilash muhim ahamiyat kasb etadi. O‘simliklarni kimyoviy himoya qilish vositalarining hamda
o‘simliklarni o°stiruvchi kimyoviy birikmalarning qo‘llanilishi o‘simliklarni har xil kasalliklarga chidamliligini oshiradi, hosilning erta yetilishini
ta’minlaydi, hosildorlikni oshirishga va yuqori sifatli mahsulot olishga zamin yaratadi. O‘simliklarni o‘stiruvchi moddalar qatoriga o-
aminonitrillarni, tirik organizmlarning hayot faoliyati uchun juda zarur bo‘lgan a-aminokislotalarning nitrilli hosilalarini kiritishimiz mumkin.
Shuningdek, a-aminonitril fragmenti turli alkaloidlar tarkibida topilgan va a-amidoatsetonitril guruhi esa yangi gipoglikemik dorilar va istigbolli
farmakologik va agrokimyoviy vositalarning muhim fragmenti hisoblanadi.

Mavzuga oid adabiyotlar tahlili. Aminonitrillar kimyosi va biologiyasi sohasidagi izlanishlar XIX asrning o‘rtalarida boshlangan.
Dunyoning gator davlatlarida bu sinf birikmalari bilan tadgigotlar jadal olib borilmogda. Xususan, xorijlik olimlar — A. Strecker, T. Opatz, J.P.
Hurvois, P. Galletti, D. Giacomini, A.M. Nauth, X. Feng, T. Kawasaki, N. Takamatsu, S.l. Murahashi, V.V. Zhdankin, H. Shen, C. Yan, M.
Rueping, E.N. Jacobsen, C. Kunick, F. Fleming aminonitrillarning sintezi, modifikatsiyasi va qo‘llanilishini o‘rganish bilan shug‘ullanishgan.
Mamalakatimizda ushbu yo‘nalish rivojiga X.M. Shaxidoyatov, N.D. Abdullayev, M.G. Levkovich, B. Tashxodjayev, B.J. EImuradov, V.A.
Saprikina, T.F. Ibragimov va boshqalar o‘z izlanishlari bilan aminonitrillar sintezi, reaksion qobiliyati, kimyoviy o‘zgarishlarini amalga oshirish,
ularning tuzilishini va biologik faolligini o‘rganishda o‘zlarining munosib hissalarini qo‘shishgan.

Ilmiy adabiyotlarda [1,2] aminonitrillar bilan tadqiqotlar olib borilgan, lekin, bu yo‘nalishda gomologik qator alifatik, aromatik va
geterotsiklik mono- va bis-aminonitrillarning multikomponentli bir reaktorli sintez (One-pot synthesis) usullarini ishlab chigish, ularning turli xil
almashinish hamda birikish reaksiyalarini shuningdek, ular qatoridan biologik faol birikmalar sintezlari to‘g‘risida ma’lumotlar kam uchraydi.

Tadgigot metodologiyasi. Vodorod sianidi (HC=N) aldegidlar va ketonlarga qo‘shilganda odatda siangidrinlar deb ataladigan
gidroksialkannitrillarni hosil giladi:

: )0]\ 1) NaCN HO CN
' R7 R, RTOR, !
E aJbJeruj 2) H3O® E
! manruapun !

I\ €KH KEeTOH

Reaksiya mexanizmini taxminiy quyidagicha tasvirlash mumkin: reaksiya ikki bosgichdan iborat bo‘lib, birinchi bosqich — natriy sianid
kislotali muhitda hosil bo‘ladigan sianid anionining karbonil guruhga nukleofil hujumi sodir bo‘ladi va yangi C-C bog* saqlagan alkoksid anioni
hosil bo‘ladi:
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I- 6ockuu:

II - 6ockuu:

Reaksiyaning ikkinchi bosgichi — protonlanishdan, ya’ni alkoksid anioni HCN ta’sirida protonlanadi, sianid anioni qayta hosil bo‘ladi va jarayon
davom etadi.

Atsetonsiangidrinni (ACH) metilamin va etilamin bilan reaksiyasi geksan erituvchisida reagentlarning: ACH:Amin - 1:1 nisbatdagi
aralashmasi 2-2.5 soat xona haroratida aralashtirib olib borildi. Aniglandiki, nitrillash reaksiyasi ekzotermik ravishda borib reaksiya nisbatan gisga
vaqtda tugaydi va yugori unumlar bilan 2-metil-2-(metilamino)propannitril (1) va 2-(etilamino)-2-metilpropannitril (2) sintez gilindi:

CH
$H3 H CH;NH, Hs C,HsNH, [ °H
H;C—C—N—-CH; =<~— H3C—CI—OH _ H3C—(Ij—N—C2H5
éN -H,0 N -H,0 N
1 (83%) ACH 2 (86%)

Reaksiyani ekzotermik ravishda borishiga reaksiya uchun olingan aminlarning asosliligi hamda atsetonsiangidrinning kislotalik xossasi
yugoriligi bilan ifodalanadi.

Tadgigotlar davomida reaksiyalar ikkilamchi aminlar (dimetilamin va dietilamin) bilan yugorida keltirilgan sharoitlarda olib borildi va
tegishli 2-(dimetilamino)-2-metilpropannitril (3) hamda 2-(dietilamino)-2-metilpropannitril (4) olindi:

C,Hs. .CH
H;C.__CH 2Hs~ - ~2ts
CH; TN CH; N CH;
H;C—C—N—CH; <~———— H;C-C-OH ——— H;C—C—N—C,H;
-H,0 N -H,0 i
CN CH; CN (oHs
3 (88%) ACH 4 (94%)

Ta’kidlash kerakki, reaksiyalar juda oson ketib yuqori unumlar bilan kerakli mahsulotlar (3, 4) sintez gilindi. 2.1-Jadvalda turli sinfga
kiruvchi aminlarning asoslilik va kislotalilik konstantalari keltirilgan. Alkil guruhlarning elektronodonor ta’siri tufayli aminlar ammiakdan
kuchliroq asoslardir. Birog, barcha aminlar ichida ikkilamchi aminlar eng kuchli asoslardir. Uchlamchi aminlarda asoslilik pastroq, bu protonning
ularga o‘tishi va hosil bo‘lgan ammoniy kationining solvatlanishi uchun fazoviy to‘siglar mavjudligi bilan bog‘liq. Solvatlanish effektlari
bo‘lmagan gaz fazasida aminlarning asosliligi taxminiy ravishda quyidagi tartibda kamayadi: uchlamchi > ikkilamchi > birlamchi > ammiak.
Birog, bu gonuniyat suvli eritmalarda buziladi: uchinchi o‘rinbosarning mavjudligi proton qo‘shilishi uchun ham, hosil bo‘lgan kationning erituvchi
molekulalari tomonidan solvatlanishi uchun ham fazoviy (sterik) to‘siq yaratadi. Aromatik aminlar kuchsizroq asoslar bo‘lib, bu aromatik yadro
bo‘ylab azot atomining umumlashmagan elektron juftining delokalizatsiyasi bilan bog‘liq.

Tahlil va natijalar. Tadgiqotlar ikkilamchi geterotsiklik aminlar ishtirokida davom ettirildi. Xususan, atsetonsiangidrinni morfolin va
piperidin bilan reaksiyalarini tadgiq qilish, olingan mahsulotlarni biologik faolligini o‘rganish nuqtai nazaridan bizda katta qiziqish uyg‘otdi.

m

B ycya
S D
< NH X N—C—CH;
—— |
pN—— ¢ CN
— CcyJa
X=CH,, O yey 5, X=CH,; 6, X=0O

S o

A yeya: Munepuana/Mopdonun:ACH- 1:1, rexcan, kaiinarum (68°C), 2 coar, yaym
(5, 88.3%:; 6, 83%).

B yeya: [Munepuana/Mopdonua:NaCN:aneron - 1:1:1, rexcan, kaiinarum (68°C),

2 coar, AcOH (5%, 10 mi), 0.5 coar, yuym (5, 87%:; 6, 84.4%).

C ycyn: IMunepuaun/Mopdomun:KCN:ameron - 1:1:1, rexcan, kaitnarum (68°C),

2 coar, AcOH (5%, 10 M), 0.5 coar, yaym (5, 91.3%; 6, 86%).

D ycya: Munepumua/Mopdomun:NH ,CN:areron - 1:1:1, rexcan, kaitaarum (68°C),
2 coar, AcOH (5%, 10 M), 0.5 coar, yaym (5, 80%:; 6, 75.4%).

a-Aminonitrillarning turli sintez usullari bo‘yicha ham tadgiqotlar olib borilgan [3,4,5].

Olingan natijalar shuni ko‘rsatdiki, reaksiyani xona haroratida olib borilganda sintez gilingan a-aminonitrillarni unumi yuqori bo‘lmadi,
shuning uchun, reaksiyalar gizdirib olib borildi va yugori unumlar bilan kerakli a-aminonitrillar (5, 6) sintez gilindi.

E’tiborli tomoni shundaki, reaksiyalar Din-Stark nasadkasi ishtirokida olib borilganda yaxshi natijalar bilan reaksiya mahsulotlari olindi.
Geterotsiklik ikkilamchi amin - morfolinni ham xuddi shu reagentlar bilan reaksiyalari olib borilganda ham mahsulotning unumlari yuqori bo‘lganligi
kuzatildi. Shuning uchun, ushbu reaksiyalar erituvchining (geksan) gaynash haroratida (68 °C) olib borilganda ajralib chiqayotgan suvni haydash yo‘li
bilan olib borilganda mahsulotlar unumi: piperidin misolida 80-91 % ni, morfolin misolida esa 75.4-86 % ni tashkil etdi.

Piperidin ishtirokida C usulda boradigan aminonitrillar sintezining taxminiy mexanizmini quyidagicha tasvirlash mumkin. Reaksiya 4
bosqichdan iborat bo‘lishi mumkin: birinchi bosqichda kaliy sianid va suvli sirka kislotadan molekulaga nitril guruhi kiritish uchun kerakli sianid
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kislota hosil bo‘lishi mumkin, reaksiyaning ikkinchi bosgichida sianid anionining atsetonga nukleofil hujumi natijasida alkoksid anioniga aylanishi
mumkin.

Uchinchi bosqichda esa bu anionning sirka kislota ta’sirida protonlanishi natijasida sianlovchi agent — atsetonsiangidrin (ACH) hosil
bo‘ladi, to‘rtinchi bosqichda esa ACH va piperidin o‘rtasida nukleofil almashinish reaksiyasi tufayli, degidratatsiya natijasida 91 % unum bilan 2-
metil-2-(piperidin-1-il)propannitril (5) hosil bo‘ladi.

Tajriba gismi

Sintez qgilingan moddalarning 1Q-spektrlari Furye-spektrometrining 2000 lik modelida (Perkin EImer) KV g tabletkalarida, mass-spektrlari
esa MX-1303 uskunasida, PMR-spektrlari esa JNM-4H-100 Varian Unity 400(+) uskunasida ichki standartlar CDsOD va GMDS kimyoviy
birikmalari ishtirokida olib borildi.

Reaksiyalarni borishini va reaksiya mahsulotining tozaligini yupga gatlamli xromotografiya orgali Silufol UV-254 maxsus plastinkalarida
turli xil erituvchi sistemalarida tekshirib borildi va ilmiy adabiyotlardagi ma’lumotlardan foydalanildi [6, 7].

Ko‘rsatuvchi kimyoviy birikmalar va jihozlar: yod parlari, UF-nurlari. Olingan moddalarning suyuglanish harorati Bouets mikroskopida
aniglandi.

Xulosa va takliflar. llmiy adabiyotlarda keltirilgan ma’lumotlarni o‘rganish davomida shu holat aniglandiki, aminobirikmalarni sianlash
reaksiyalarini olib borish va tegishli mahsulotlarni olish ancha yillardan buyon kimyogar olimlarni o‘ziga jalb etib kelgan. Olingan natijalar va
ushbu birikmalaming biologik faolligini o‘rganish shuni ko‘rsatdiki, bu birikmalar qatorida turli sintezlarni amalga oshirish hamda ularning
reaksiyalarini turli sharoitlarda tadqiq etish orqali qo‘yilgan magsadga erishish mumkinligi aniglandi.
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SORPTION PROPERTIES OF ION EXCHANGE POLYMERS
Annotation
In the research work, the KU-2-8 gel-structured cation-exchange polymer, obtained by copolymerization of divinylbenzene (DVB) and styrene,
followed by the introduction of sulfo groups into the copolymer, was chosen. lon-exchange polymers were obtained by introducing new ionogenic
groups based on nitrate, chloride, and sulfate salts of titanium (V) oxide into the standard KU-2-8 cation exchanger.
Key words: KU-2-8, KU-2, DOWEX HCR-S ion-exchange polymers, divinylbenzene, styrene, titanium (IV) oxide, heavy metal ions, sulfuric
acid, nitric acid, sorbents.

COPBIIMOHHBIE CBOMCTBA HOHOOBMEHHBIX ITOJIUMEPOB
AHHOTaIUsA
B unccnenoBarensckoit pabore BriOpaH katHOHUT KU-2-8 ¢ TeneBoil cTpyKTypoi, IOTy4eHHBIH METOOM CONOJIMMEPH3alUH AUBHHIIOCH301Ia
(/IBB) u crupona, ¢ mocneayomuM BBeaeHreM cyibdorpynn B conoaumep. VIOHHOOOMEHHBIE TOJMMEPBI MOIYYEHbl IYTEM BBEJECHHUS HOBBIX
HMOHOTEHHBIX TPYIII HAa OCHOBE HUTPATHBIX, XJIOPUAHBIX U CyIb(aTHBIX coneil okcuaa tutana (1V) B cranmaptabiii katnonut KU-2-8.
Karouessie cioBa: KU-2-8, KU-2, DOWEX HCR-S noHHOOOMEHHEIE TOINMEPHI, AMBHHIIOEH30I, CTHPOJI, OkcH THTaHa (IV), HOHBI TSDKEIbIX
METAJUIOB, CEPHasi KUCIIOTA, a30THAsI KUCIIOTA, COPOCHTBL.

ION ALMASHINISH POLIMERLARINING SORBSION XUSUSIYATLARI
Annotatsiya
Tadqiqot ishida divinilbenzol (DVB) va stirol asosida hosil bo‘lgan sopolimerga keyinchalik sulfoguruhlarni kiritish orgali sopolimerizatsiya gilish
yo‘li bilan olingan KU-2-8 gel strukturali kation almashinish polimeri tanlangan. lon almashinuvchi polimerlarni standart KU-2-8 kation
almashinuvchini titan (1V) oksidining nitratli, xloridli, sulfatli tuzlari asosida yangi ionogen guruhlarni kiritish orgali olingan.
Kalit so‘zlar: KU-2-8, KU-2, DOWEX HCR-S noHHOOOMEHHbIE MOJUMEPHI, TUBUHUIOCH30M, CTUPOIN, okcua Tutana (IV), HOHBI TSHKEIBIX
METAJIOB, CEpHAs KUCJI0Ta, a30THAs KUCIIOTa, COp6CHTLI.

Kirish. Bugungi kunda jahonda ion almashinish polimerlarining sorbsion xususiyatlari yugqoriligi, pH intervalidagi ishchi diapazoni
kengligi tufayli kimyo, farmasevtika, to‘qimachilik, neft-gaz, energetika, gidrometallurgiya, ozig-ovqat, suv xo‘jaligi sohalarida katta amaliy
ahamiyat kash etmogda. Ammo, ion almashinish polimerlarini suvni yumshatish, metall ionlarini konsentratsiyalash jarayonlarida qo‘llanilishida
bir qator o‘ziga xos muammolar vujudga keladi. Jumladan, suvlar tarkibidagi metall ionlari bilan to‘yinish darajasining ortib borishi, og‘ir metall
ionlariga nisbatan selektivligini kamayishi natijasida sorbsion xususiyatlarini yo‘qotishi kuzatiladi. Sintetik ion almashinish polimerlari asosida
modifikatsiyalangan yangi selektiv, ion almashinish xossalari yanada yaxshilangan ionitlar olish texnologiyasini yaratish ustida tadgiqot olib borish
dolzarb bo‘lib qolmogda.

Dunyoda KU-2-8, KU-2, DOWEX HCR-S kabi sintetik ion almashinish polimerlarini kimyoviy modifikatsiyalash yo‘li bilan og‘ir metall
ionlariga nisbatan sorbsion, tanlovchanlik xossalarini oshirish ustida qgator ilmiy izlanishlar olib borilmogda. Bu borada ion almashinish
polimerlaridagi funksional guruhlar hisobiga yangi qo‘shimcha ionogen guruhlar kiritish hamda ularning sorbsion, kinetik, termodinamik
ko‘rsatkichlarini takomillashtirish, mexanik mustahkamligi va termokimyoviy barqarorligini oshirishga alohida e’tibor qaratilmoqda.[1]

Mavzuga oid adabiyotlar tahlili. Xozirgi zamonaviy sorbsion texnologiyalar mavjud bo‘lgan ajratish usullar bilan solishtirilganda, uning
asosiy afzalliklari shundaki, sorbentning qattiq fazasining magsadli komponentlarga bo‘lgan to‘yinish darajasinining yugqoriligi, magsadli
komponentlarning eng kichik konsentratsiyalarini ajratib olish imkonining borligi, yugori tanlovchanligi shuningdek jarayonlarni uzluksiz ravishda
olib borish va avtomatlashtirish imkonining borligidir [2].

Bundan tashqari bu usul sorbsion jarayonda hosil bo‘lgan filtratning tozalik darajasining yuqoriligini ta’minlaydi. Bu esa sorbentni
kimyoviy reagentning eritmalari bilan qayta ishlashda ancha yengillik tug‘diradi. [3].

Sorbsion texnologiya odatda dinamik sharoitda amalga oshirilib, bir yoki murakkab sxemali uzluksiz ravishda o‘tkazish va
avtomatlashtirish imkonini ta’minlaydi. Bunday sxemalar asosiy amaliy masalalarni amaliy yechishda, ya’ni keraksiz zarrachalarni minimal
konsentratsiyagacha filtratda ushlab qolish va kerakli komponentlarni maksimal miqdorda kolonna qatlamida xajm bo‘yicha ajratib olish imkonini
beradi [4].

Shunday aniq tarmogqlar, ya’ni issiqlik energetikasi, atom energetika, kimyoviy moddalar ishlab chiqarish sanoati, radioelektronika
sohasidagi gator texnologiyalar, shuningdek kerakli moddalarni chuqur tozalovchi aynigsa energiya tashuvchi sifatida ishlatiladigan toza suv hamda
toza erituvchilar olish texnologiyalari ion almashinish usullariga asoslangan.

Ion almashinish materiallarining ko‘p miqdori asosan suv ta’minoti sohasida ko‘p foydalanib kelinmogqda (ishlab chigarishning umumiy
hajmi bo‘yicha 60-90%). Shu bilan bir gatorda sorbsion usullar mineral va organik resurslarni gayta ishlash hamda ajratib olish sohalari bo‘yicha
resurslarni saqlash va himoya qilish texnologiyalarda ishlatish keyingi o‘rinni egallaydi. Ionitlarning ma’lum hajmdagi miqdorlari xromatografik
jarayonlarida qo‘llanib kelinmoqda [5].

lon almashinish usulini ion, molekula, makromolekula, kolloid sistemadagi ayrim zarrachalarni (10°dan 102 mm gacha bo‘lgan
o‘lchovlar) ajratib olishda foydalanish mumkin.

Katta sig‘imga ega bo‘lgan, tanlovchanligi yuqori, kimyoviy barqaror va mexanik mustahkam sintetik ionalmashinish materiallaridan
foydalanish ko‘pgina sanoat tarmoglarining rivojlanishda hal etuvchi o‘rinni egallash bilan bir qatorda texnologik jarayonlarni takomillashtiradi,
energiya sarfi va og‘ir mehnatni, ishlab chiqarish maxsulotining tannarxini kamaytiradi [6].

Bugungi kunda ion almashinish polimerlarini katta migdorda ishlab chigaruvchi kompaniya va davlatlar gatoriga Lewatit (Germaniya),
Purolite (Angliya), Dowex (AQSh), Tulsion (Indiya), Granion (Xitoy), Rossiya va Ukrainalar to‘g‘ri keladi. Jahon statistika ma’lumotlariga ko‘ra,
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1995-2022 yillar davomida O‘zbekistonga import qilingan ion almashinish polimerlari orasida KU-2-8, KU-2, DOWEX HCR-S ionitlari ko‘plab
miqdorni tashkil etgan. Ushbu grafik egri chiziglari dunyoning eng ko‘p ionalmashinish polimerlarini import giladigan davlatlarini ko‘rsatib turibdi.
Ko‘rinib turganidek, Estoniya, Irlandiya, Namibiya, Polsha davlatlari orasida O‘zbekiston yetakchilik qilib kelgan.

eng ko p mpor ghuch

1-Rasm. Ion almashinish polimerlarini eng ko‘p import qiluvchi davlatlar yillar kesimida.

Tadgigot metodologiyasi. Jahon integrallashgan savdo palatasi ma’lumotlariga binoan, respublikaga import qilinadigan
ionalmashinuvchi polimerlarning 77% Xitoy, 47% Ukraina va 7% Rossiyaga to‘g‘ri keladi va ular eng ko‘p ulushda import giluvchi davlatlar
hisoblanadi [7].

Suv sifatini yaxshilash uchun eng sodda usul (suvni yumshatish) Na-kationirlashdan foydalanib kelinmogda. Bu usul asosan suvning
qattigligini kamaytirishdan iborat bo‘lib, bunda kalsiy va magniy ionlari natriy ioniga almashinadi. Na-kationirlash jarayonida suvdagi gator toksik
moddalar (organik va noorganik tabiatga ega bo‘lgan moddalar)dan ham tozalanadi. Bunda sorbent sifatida ko‘pincha sulfokationit yoki Na-formali
sulfoko‘mirdan foydalaniladi, regeneratsiya jarayoni osh tuzi yordamida amalga oshiriladi.

Temir miqdori ko‘p bo‘lgan suv uchun Na-kationirlash sxemasiga maxsus filtr, marganes tarkibli sorbentlar bilan birga qo‘shiladi. Bunda
marganes Fe(l1) ni Fe(ll1) gacha oksidlab, mexanik filtrda Fe(OH); ko‘rinishida ajratib olinadi [8].

Keraksiz organik chigindilarni yo‘qotishda suvning rangi hamda tamini yaxshilash uchun tozalanayotgan suvga kukun ko‘rinishida
aktivlangan ko‘mir qo‘shilib, mexanik filtrlanadi. [9].

Yugori sifatli suv olish uchun H*-formali kationirlashdan foydalaniladi. Bunda hamma kationlar yutiladi. Regeneratsiya jarayoni 1-1,5%li
H,SO, eritmasi bilan amalga oshiriladi.

Kuchsiz asosli anionitlar yaxshi sorbsion xususiyatga ega bo‘lib, ular kuchsiz asosli fenol, bifenol va organik kislotalarning anionlarini
yaxshi yutadi. Suvlarni anionitlar bilan gayta ishlash tabiiy va ustki suvlardagi gumin va fulvokislotalardan tozalashda hamda suvning rangini
yaxshilashda foydalaniladi. [10].

Sorbentlar bakteriotsid xususiyatga ega bo‘lib, ichimlik suvining asosiy muammosini-bakterial ifloslanish muammosini xal etishda katta
amaliy ahamiyatga egadir. Bizga ma’lumki, bakterial toza suv olishda kumush tarkibli sorbentlar qo‘llaniladi. Odatda, kumush tarkibli boshlang‘ich
sorbent olishda kumush tashuvchi sifatida aktivlangan ko‘mir, keyinroq kationitlardan foydalanilgan [11,12].

Agar suvning tarkibida ayrim mikroelementlar yetishmay qolgan hollarda ushbu suvni mikroelementlar bilan to‘ldirilgan sorbentlardan
o‘tkazib, suvning ion tarkibini o‘zgartirish mumkin, masalan F, J, Br- va boshqalar.

Suv sifatining keng diapazonli talabiga qarab, suvni yumshatishdan to‘liq deionizatsiyagacha, ya’ni kation va anionlarni to‘liq yo‘qotish
va elektr garshiligi yugori (15-20 Om*sm) suv olish bo‘yicha har xil suv tozalash texnologiyalari mavjuddir [13].

Tuzsizlantirish va kation hamda anionlarni deionizatsiyalash usullari suv sifatining yuqoriligini ta’minlaydi. Suvni tuzsizlantirishda asosan
H*- formali kationitlardan foydalaniladi, birinchi etapda fagat kationlarning hammasi yutiladi va tozalangan suvda faqat kislotalar bo‘ladi. Ikkinchi
etapda anioitlar qo‘llaniladi. Bunda kislotalar va anionlar ushlab qolinadi, suv deionizatsiyalanadi. [14].

Suv ta’minoti uchun ionit qatlami balandligi 1,5-2,0 metr, diametri 1-4 metr bo‘lgan filtrlardan foydalaniladi. Suv bu filtrlardan 10m/s
chiziqli tezlikda yuqoridan pastga qarab oqib o‘tadi. Suyuq fazaning filtrdan oqib o‘tish chiziqli tezligi tuz tarkibli eritmaning konsentratsiyasiga
qgarab belgilanadi. Konsentrlangan eritma uchun tezlikning intervali 3-15m/soat, suyultirilgan eritma uchun 10-100m/soat, kondensat va tuzsiz suv
uchun 50-150m/soat qilib belgilangan. [15,16].

Tahlil va natijalar. Tadqiqot ishi uchun divinilbenzol (DVB) va stirol asosida hosil bo‘lgan sopolimerga keyinchalik sulfoguruhlarni
kiritish orqali sopolimerizatsiya qilish yo‘li bilan olingan KU-2-8 gel strukturali kation almashinish polimeri tanlangan. Uning kimyoviy va
strukturaviy tuzilishini quyidagicha ifodalash mumkin:

— CH—CH,—= — CH—CH,—

SOzH CH—CH,—

n

a b

3-rasm. Standart KU-2-8 ion almashinuvchi polimerini kimyoviy modifikatsiyalash laboratoriya qurilmasi sxemasi:

1- uch og‘izli kolba; 2- suv hammomi; 3- teskari sovitgich; 4- glitserinli yopgich;

5- aralashtirgich; 6- termometr; 7- gaz gorelkasi

Tayyor holga kelgan modifikatsiyalangan ion almashinuvchi polimer H-formada olindi va fizik-kimyoviy usullar yordamida tadqiq gilindi.

lon almashinuvchi polimerlarni standart KU-2-8 kation almashinuvchini titan (1V) oksidining nitratli, xloridli, sulfatli tuzlari asosida yangi
ionogen guruhlarni kiritish orqgali olingan. Uch og‘izli kolbaga standart KU-2-8 ion almashinuvchi polimeridan Monotech texnologiyasi bo‘yicha
elektromagnit datchik bazasida tayyorlangan Aczet-CY-224 markali analitik tarozida (0,0001 aniqlikda) namligi 48-50% li kationitdan 50 g (50
ml) solib 5 gr migdoridagi titan (IV) oksididan o‘lchab qo‘shildi. Bir vaqtning o‘zida 20%-li HNOj; kislota tayyorlanib, kolba og‘izi orqali reaksion
massaga 100 ml miqdorda qo‘shildi hamda massa yaxshilab aralashtirildi. Bir vaqtning o‘zida kolbani 50-60° C haroratgacha gizdirib, aralashtirish
120 minut davom ettiriladi. Belgilangan vaqt o‘tgandan so‘ng massa sovitiladi va neytral holga kelguncha distillangan suv bilan yuviladi. Filtrat
mubhiti universal lakmus qog‘ozi bilan tekshirib boriladi. So‘ngra vakuum-filtr yordamida filtrlab olindi. Shundan so‘ng polimerni forfor idishga
solib, gizitish shkafiga avval 20-30° C xaroratda namligi 60% saglanib qolgunga gadar quritildi.

Xulosa va takliflar. KU-2-8 markali kationit suvlarni tuzsizlantirish uchun suv ta’minoti, kimyo va oziq-ovqat sanoati, gidrometallurgiya
va qator boshqa ishlab chiqarish soxalarida qo‘llanib kelinmogda. Garchi bu kationitning ion almashinish samaradorligi yuqori bo‘lsada, suvlarni
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yumshatish jarayonida og‘ir metall ionlarining (temir, marganes, mis, rux, qo‘rg‘oshin va boshqalar) to‘yinish xolatlari ko‘plab uchrab turadi.
Masalan, KU-2-8 kationitning statik almashinish sig‘imi pasporti bo‘yicha 1,720 mg-ekv/grammni tashkil etgan bo‘lsa ham, suvning qattiqligi
yuqori bo‘lgan tuzli suvlarni tozalashda rangli metallar bo‘yicha sig‘imi 0,012mg-ekv/gramgacha pasaygan. Bunday muammoni yechishda turli
funksional guruhlar bilan modifikatsiya gilingan kation almashinuvchi sorbentlardan foydalanish mumkin.
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CALENDULAE OFFICINALIS O‘SIMLIGI SUYUQ EKSTRAKTIDAGI BIOLOGIK FAOL BIRIKMALARNI ANIQLASH
Annotatsiya
“Calendulae officinalis” o‘simligi ekstrakti tarkibidagi biologik faol moddalardan fenol birikmalari, jumladan, rutin, salitsil kislotasi, kvertsetin va
apigenin, shuningdek, vitaminlardan: Vi, V, V3, RR, Vg Vo, V1p, S kabi biologik faol moddalar mavjudligi aniglandi. Ekstrakt tarkibidan fenol
birikmalarini migdoriy aniglashning yugori samarali suyuglik xromatografiyasi (Y SSX) usuli ishlab chigildi. Natijada ekstrakt xromatogrammasida
rutin, salitsil kislotasi, kvertsetin va apigeninlarning standart namunalari saglanish vaqtiga mos keladigan komponentlari borligi aniglandi.
Kalit so‘zlar: Calendulae officinalis, ekstrakt, kvertsetin, vitaminlar, flavonoidlar, YSSX usuli.

ONPEAEJEHUE BUOJIOTUMUYECKU AKTUBHBIX COEJTUHEHMIA B )KMJIKOM SKCTPAKTE PACTEHMS CALENDULAE
OFFICINALIS
AHHOTaIUsA

OmnpeneneHo, 4to B 3kcTpakte pactenuit “Calendulae officinalis” comeprkarcs Takue BUTaMUHBL, Kak Bi, By, Bs, PP, Bg, B, B1, C, C, a Taxke
OMOIOrMYeCKH aKTHBHBIC BEIIECTBA, TAKUE KaK PYTHH, CAJMLIIIOBAs KHCIOTA, KBEPLETHH U anureHuH. Pa3paboran MeToa BhICOKOA(D(GEKTHBHON
s)kuakocTHON xpomartorpadun (BOXKX) st komudaecTBeHHOroO onpeaeneHuss PeHONbHbIX COSIUHEHHI B OKCTpaKkTe. B pe3ynbTaTe yCcTaHOBIEHO,
9TO B XpPOMaTOrpaMMe dKCTPAKTA IPUCYTCTBYIOT KOMIIOHEHTHI PyTHH, CATUIIIOBAst KHCJIOTA, KBEPLETHH 1 alluTeHUH, COOTBETCTBYIOIIHE CPOKAM
XpaHEHHUs CTaHIAPTHBIX 00Pa3IoB.

KuroueBbie ci10Ba: KaJleHIylla JEKapCTBEHHAs, SKCTPAKT, KBEPLETHUH, BUTAMUHBI, (h1aBoHOM b1, MeTox BOXKX.

DETERMINATION OF BIOLOGICALLY ACTIVE COMPOUNDS IN LIQUID EXTRACT OF "CALENDULA OFFICINALIS™
Annotation

It has been determined that the extract of the plant “Calendulae officinalis” contains vitamins such as Vi, V5 V3, RR, Vg Vg, Vi, S as well as
biologically active substances such as rutin, salicylic acid, quercetin and apigenin. A method of high-performance liquid chromatography (HPLC)
for the quantitative determination of phenolic compounds in the extract has been developed. As a result, it has been established that the
chromatogram of the extract contains the components rutin, salicylic acid, quercetin and apigenin, corresponding to the shelf life of standard
samples.

Key words: Calendulae officinalis, extract, quercetin, flavonoids, vitamins, HPLC method.

Kirish. Ko‘pgina dorivor o‘simliklardan ajratib olinadigan biologik faol moddalar xalq tabobati, 0ziq-ovqat sanoati, farmatsevtika va halq
xo‘jaligining boshqa turli tarmoqlarida keng qo‘llaniladi. Dorivor o ‘simliklarning shifobaxshlik xususiyati ularning kimyoviy tarkibi bilan bog ‘liq
ya 'ni alkaloidlar, flavonoidlar, vitaminlar, uglevodiar va boshka biologik faol moddalar mavjudligi bilan belgilanadi. Yuqori biologik faollikka
ega bo‘lgan moddalar asosida olingan dori vositalari o‘zining kam zaharliligi, ta’sir doirasi kengligi, organizmga nojuya ta’sirlarining kamligi va
o‘ziga xos boshqga xususiyatlari bilan sintetik usulda olingan dori vositalaridan ajralib turadi. Shu boisdan, bunday yo‘nalishdagi tadgigotlarni
kengaytirish, yangi turdagi dori vositalarini ishlab chigish, ularning kimyoviy tarkibini o‘rganish, hamda olingan birikmalarning tuzilishlarini
zamonaviy fizik-kimyoviy usullar asosida tadgqiq qilib, biologik faollgini o‘rganish kimyoning dolzarb masalalalar qatoriga kiradi.

Shularni hisobga olib, “Calendulae officinalis” o‘simligi ekstraktining kimyoviy tarkibini o‘rganish va ularning xossalarini tadgiq gilishga
garatilgan ushbu tadgigot ishida o‘simlik (guli, bargi va ildiz) ekstraktining ekstrakti tarkibidan vitamin va polifenol birikmalarni ajratib olish,
ajratib olingan moddaning fizik-kimyoviy xossalarini aniglash, xromotografik va 1Q -spektroskopik tahlil usullarida tuzilishini tadqgiq gilishni
magsad gilib olindi.

Mavzuga oid adabiyotlar tahlili. Tarkibida dorivor moddalarni saqlagan o‘simlik moddalarini aniglash, ularni ajratib olishning samarali
usullarini yaratilishi xozirda farmatsevtikada va halq tabobatida ham muxim axamiyatga ega, shunday o‘simliklardan biri “Calendulae officinalis”
o‘simligidir.

Ma’lumki polifenol birikmalari inson salomatligi uchun foydalili xususiyatlari ko‘pligi tufayli hozirgi kunda ilmiy tadqiqotlar sohasida
katta qgiziqish uyg‘otmoqda[1-2].

Ular, asosan, bir nechta kasalliklarni davolashda qo‘shimcha sifatida ishlatilishidan tashqari, antioksidant faolligi xususiyatiga egaliri
tufayli erkain radikallarni bloklash, kuchli stress bilan bog‘liq kasalliklar shuningdek, yurak-gqon tomir, oshgqozon-ichak kasalliklari, saraton va
yallig‘lanish kasalliklarida qo‘llanilishi mumkinligi aniglangan [3].

“Calendulae officinalis” o‘simligi xomashyosi halq tabobatida shuningdek an’anaviy tibbiyotda hamda farmatsevtikada ham yuzlab yillar
davomida qo‘llanilib kelingan. Bunday dorivor o‘simliklar odatda dori vositalari ishlab chiqarishda asosiy ingradient hisoblanadi [1-3].

Adabiyotlardagi ma'lumotlarga ko‘ra, tadqiq etilayotgan o‘simlik xom ashyosi tarkibi fenol birikmalari va turli oshlovchi moddalar,
vitaminlar hamda polisaxaridlar kabi biologik faol moddalarga, shuningdek, makro- va mikroelementlarga boy [3-4]. O‘simlik ekstraktlari
kimyoviy tarkibi efir moylari, vitaminlar, saponinlar (suvda ko‘piklanadigan organik moddalar), flavanoidlar, fermentlardan iborat bo‘lib, barglari
va ildizlaridan triterpen saponinlari borligi aniglangan [4-6].

Ruminiya olimlari tomonidan Calendula officinalis L. gul namunalari matseratsiya usulida ajratib olinib, YuSSX usuli yordamida tadgiq
gilingan, aniqlanishicha, antioksidant faollikka ega bo‘lgan fenolik birikmaning eng yuqori miqdori rutinga, eng kam miqdori esa ferul kislotasiga
to‘g‘ri kelishi ma’lum bo‘lgan. Inson salomatligi uchun foydali bo‘lgan bunday fenol birikmalarini oziq-ovqat mahsulotlari uchun qo‘shimchalar
sifatida qo‘llanilish mumkin ekanligi tavsiya qilingan[3].

Tadgigot metodologiyasi.

Tadgigot ishini olib borish uchun quyidagi moddalarning eritmalari: Gall kislota (5,2 mg), salisil kislota (5,2 mg), rutin (5 mg), kversetin
(5 mg), apigenin (5 mg), kempferol (5 mg) kabi standartlardan foydalanildi, ertuvchi sifatida 96 % li etanol qo‘llanildi. YSSX darajadagi tozalikdagi
(bidistillat) suv, asetonitril, kimyoviy toza markadagi sirka kislota va natriy gidroksidi reaktivlaridan foydalanildi.
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“Calendulae officinalis” o‘simligi namunalari (bargi, gulto‘pi, ildizi) ultratovushli vannada (GT SONIC-D3 (Xitoy) markali) ekstraksiya
qgilindi. Aralashmalarni doimiy aralashtirib turish jarayoni (MM-5 TU 25-11834-80 rusumli) magnit aralashtirgichda amalga oshirildi. Mini-7
markali (BIOBASE, Xitoy) sentrifugada (7000 ayl./min tezlikda) sentrifugalandi. 0,01 g aniglikdagi analitik tarozi (OHAUS (AQSH) NV222)
lardan foydalanildi.

O’simlik tarkibidagi polifenollar miqdorini Yaponiyaning Shimadzu kompaniyasida ishlab chigarilgan LC-40 Nexera Lite yugori samarali
suyuqlik xromatografida amalga oshirildi.

Tahlil va natijalar. Calendulae officinalis o‘simlik xomashyosidan (guli, bargi va ildizi) aloxida-aloxida ekstrakt tayyorlanib, ular
tarkibidagi vitaminlar guruhi va fenol birikmalari YSSX usulida tadgiq gilindi.

O‘simlik tarkibi 7,6-7,8 mg karotin (karatanoidlarning umumiy miqdori savatchaning tilsimon chetki gullar tarkibida 3% ni tashkil etadi),
0,62-0,4 efir moyi, 0,33— 272 0,88% flavanoidlar (kversetin, izoramnetin, izokversetin va boshqgalar) kumarinlar (eskuletin, skopoletin,
umbelliferon), 3,44% smolalar, 4% gacha shillig, 10,4-11,2 oshlovchi moddalar, 19% gacha achchiq modda kalenden, 6,84% olma, pentadetsid va
oz migdorda salitsilat kislotalar, triterpen diollar (arnidiol va faradiol), triterpen saponin—kalendulozid hamda alkaloidlar bo‘ladi. O‘simlik gullari
tarkibidagi karotenoidlar, kalenden, karotin, gatronlar, organik kislotalar, efirmoylari, glikozidlar, taninlar, fitonsidlar miqdori yuqori bo‘lganligi
sababli bu o‘simlik dorivorlik xususiyatiga ega.

Tadgigotlarimizda “Calendula officinalis™ni etanol bilan ekstraksiya qilinib, olingan ekstraktning kimyoviy tarkibi YUSSX usulida tadgiq
qgilindi.
1-jadval.

Ekstrakt (bargi) tarkibidagi polifenollarning migdori va ushlanish vagtlari.

Fenol birikma nomi Ushlanish vaqti, sek Konsentratsiya, mg/| 100 g dagi migdor, mg
Gallic acid Aniglanmadi 0 0,000
Rutin 19,028 21,425 53,563
Salicylic acid 22,434 4,234 10,585
Quercetine 24,224 0,171 0,428
Apigenin 26,567 27,383 68,458
Kaempferol Aniglanmadi 0 0,000
mAU
1 PDA Multi 1 300nm 4nm
100 |
w00
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1-rasm. O‘simlik (bargi) ekstrakti tarkibidagi polifenollar xromatogrammasi.

2-jadval
Ekstrakt (gulto‘pi) tarkibidagi polifenollarning migdori va ushlanish vagtlari
Fenol birikma nomi Ushlanish vaqti, sek Konsentratsiya, mg/| 100 g namunadagi migdor, mg
Gallic acid Aniglanmadi 0 0,000
Rutin 19,053 1,867 4,668
Salicylic acid 22,409 0,297 0,743
Quercetine 24,239 0,194 0,485
Apigenin 26,562 1,438 3,595
Kaempferol Aniglanmadi 0 0,000
maU
2 1 PDAMuti 1 300nm 4nm
15
10
5 | = 3
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2-rasm. Namuna gulto‘pi ekstrakti tarkibidagi polifenollarni aniglash xromatogrammasi.
3-jadval.

Ekstraktdagi (ildiz) polifenol birikmalarning miqgdori va ushlanish vaqtlari

Fenol birikma nomi Ushlanish vagti, sek Konsentratsiya, mg/| 100 g namunadagi migdor, mg
Gallic acid Aniglanmadi 0 0,000
Rutin 18,586 0,312 0,780
Salicylic acid 22,74 0,858 2,145
Quercetine 24,396 1,658 4,145
Apigenin 27,109 0,206 0,515
Kaempferol Aniglanmadi 0 0,000
mAU
1 PDANI 1 300nm dnm
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'
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3-rasm. O’simlik ildizi namunasi ekstrakti tarkibidagi polifenollarni aniqlash xromatogrammasi.




0¢zMU xabarlari Becrnuxk HYY3 ACTA NUUz | KIMYO | 3/2/1 2024

Xulosa. O‘simlik namunalari (bargi, ildiz va to‘pguli) ekstraktlari kimyoviy tarkibi tadqiq qilinganda apigenin, rutin, gall kislotasi,

kvertsetin, kaempferol va salitsil kislotalaridan eng ko‘p miqdor apigenin, rutin, salitsil kislotasi va keyingi o‘rinda kvertsetinlarga to‘g‘ri kelishi

aniglandi.
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RESULTS OF CHEMICAL ANALYSIS OF THE QUANTITY OF PETROLEUM PRODUCTS IN GROUNDWATER USING THE
GAS CHROMATOGRAPHIC METHOD (IN THE CASE OF FERGANA REGION)
Annotation
Origin of the problem: Petroleum products are the strongest toxic substances on the surface of the earth, and their permissible standards are 0.1
mg/dm3 in water bodies. However, until now, not enough attention has been paid to determining the amount of oil products in natural and
wastewater. The article presents the analysis results of the gas-chromatographic method of determining oil products in underground and surface
waters within the framework of the project "State monitoring of underground waters in the territory of Fergana region" of the Fergana
hydrogeological station of the state institution "Uzbekhydrogeology" Purpose.. In order to conduct state monitoring of groundwater in the territory
of Fergana region, to study the effect of waste water of man-made objects on groundwater. Scientific news. The amount and fraction composition
of natural and waste water was analyzed using gas chromatographic method and it was found that the amount of oil products in the natural and
waste water taken from the monitoring wells in the territory of Fergana oil refinery exceeded the permissible limit.
The results obtained. Natural and waste water taken from monitoring boreholes in the territory of Fergana oil refinery were analyzed using the gas-
chromatographic method and the impact on underground and surface water was evaluated.
Key words: petroleum products, wastewater, gas chromatography (GX-MS), approved standard.

PE3YJIBTATBI XUMHUYECKOI'O AHAJIN3A KOJTUYECTBA HEOTENNPOAYKTOB B IOA3EMHBIX BOJJAX
TA30XPOMATOIPA®UYECKAM METOIOM (HA IIPUMEPE ®EPTAHCKOM OBJACTH)
AHHOTaIUA

H3yuenue npobnemvi: HedTenpoayKThl SBISIIOTCS CHIIBHEHIINMYI TOKCHYHBIMH BEIIECTBAMH Ha IOBEPXHOCTU 3€MIH, MX JOIyCTHMas HOpMa
cocrasisier 0,1 mr/nm® B Bogoemax. ONHAKO /10 CHX MOP HEIOCTATOYHO BHUMAHHS YIEJSETCS ONPENENEHUI0 KOIMUECTBa HEYTENPOLYKTOB B
HPUPOAHBIX M CTOYHBIX BOZIaX. B cTaThe mpe/cTaBieHbl pe3yibTaThl aHAIIM3a Ta30XPOMATOrpahuueckoro MeTo/a onpe/eeHus: HeTeIPOIYKTOB
B TIOJ3EMHBIX U IOBEPXHOCTHBIX BOJAaX B paMKax INpoeKkTa «[ ocyJapcTBEHHBIH MOHHUTOPHHI IOA3EMHBIX BOJ Ha Teppuropuu depranckoit
obsactu» @DepraHckoil THIPOreoJOrMYecKOil CTaHIMU TOCYIAPCTBEHHOTrO YyupexieHus «®DepraHckas TUIPOreosornyecKasl CTaHIHs»
VY30ekruaporeonorus». [leas. B nensx npoBeneHuss rocyAapcTBEHHOr0O MOHHUTOPMHIA TOJ3EMHBIX BOJ Ha Tepputopun PepraHckoii oOnactu
M3YYUTH BIMSIHAE CTOYHBIX BOJ TEXHOTEHHBIX 00BEKTOB Ha MOA3eMHbIe BOIBL. Hayunvle nogusna. IIpoBeeH aHaIM3 KOJIMIECTBA H (PPaKIMOHHOTO
coCTaBa MPUPOJHBIX U CTOYHBIX BOJ ra30XpoMaTorpauuecKiM METOAOM M YCTAHOBJICHO, YTO KOJHYECTBO HE(TENPOAYKTOB B MPUPOAHBIX H
CTOYHBIX BOJAX, OTOOpAHHBIX M3 HAOMIOAATeNbHBIX CKBaXKMH Ha Tepputopuu dDepraHckoro HedTemepepadaThIBAIONIErO 3aBOJA, MPEBBILAIO0
TOIyCTAMBIN MMUT. [lonyyennvie pesyrbmamul. IIpUpoTHEIE ¥ CTOYHBIE BOIBI, OTOOpPAaHHBIE M3 MOHHTOPHHIOBBIX CKBAXXUH Ha TEPPUTOPUH
®epranckoro HedTenepepadaTHIBAIONIET0 3aBOJA, MPOAHATU3HPOBAHBI Ta30XpOMAaTOrpadM4ecKUM METOAOM M OLEHEHO BO3JCHCTBHE HA
HO/I3eMHbIE U IOBEPXHOCTHBIC BOMBL.

KioueBble c10Ba: HEPTEIPOAYKTHI, CTOYHBIE BOJBI, Ta3oBast xpomaTtorpadus (GX-MS), npenensHo KoycTHMast KOHIEHTPAIHL.

YER OSTI SUVLARI TARKIBIDA NEFT MAHSULOTLARI MIQDORINI GAZ-XROMATOGRAFIK USUL YORDAMIDA
KIMYOVIY TAHLIL QILISH NATIJALARI (FARG‘ONA VILOYATI MISOLIDA)
Annotatsiya

Muammoning kelib chigishi: Neft mahsulotlari yer yuzasida eng kuchli zaharli moddalar bo‘lib, ularning ruxsat etilgan me’yorlari suv obyetlarida
0.1 mg/dm® tashkil giladi. Shunday bo‘lsada hozirgacha tabiiy va ogava suvlarda neft mahsulotlari miqdorini aniqlashda yetarlicha e’tibor
berilmagan. Maqolada, “O‘zbekgidrogeologiya” davlat muassasasi Farg‘ona gidrogeologiya stansiyasining «Farg‘ona viloyati hududidagi yer osti
suvlarini davlat monitoringini yuritish» mavzusidagi loyiha doirasida yer osti va yer usti suvlari tarkibida neft mahsulotlarini aniglashning gaz-
xromatografik usulining tahlil natijalari keltirilgan. Magsad. Farg‘ona viloyati hududidagi yer osti suvlarini davlat monitoringini yuritish maqsadida
texnogen obyektlar chiqindi suvlarini yer osti suvlariga ta’sirini o‘rganish. llmiy yangiligi. Tabiiy va ogava suvlar tarkibida neft mahsulotlari
miqdori va fraksiya tarkibi gaz-xromatografik usul yordamida tahlil qilindi hamda Farg‘ona neftni qayta ishlash zavodi hududidagi kuzatuv burg‘u
quduglaridan olingan tabiiy va oqava suvlar tarkibida neft mahsulotlarining miqdori ruxsat etilgan me’yorladan oshganligi aniglandi. Olingan
natijalar. Farg‘ona neftni qayta ishlash zavodi hududidagi kuzatuv burg‘u quduqlaridan olingan tabiiy va ogava suvlar gaz-xromatografik usul
yordamida tahlil qilinib yer osti va yer usti suvlariga ta’siri baholangan.

Kalit so‘zlar: neft mahsulotlari, ogava suvlar, gaz-xromatografiya (GX-MS), ruhsat etilgan me’yor.

Kirish. Dunyoda yengil va og‘ir sanoat tarmoqlarini jadal rivojlanishi, uglevodorodlarni qidirib topish, resurslarini oshirish, samarali gazib
olish va gayta ishlashga bo‘lgan ehtiyojni kun sayin oshib borishiga sabab bo‘lmoqda. Uglevodorodlarni qazib olish va qayta ishlash jarayonlarida
neft mahsulotlarini geoekologik muhit, jumladan suv resurslari va tuproglarni ifloslanishiga ko‘rsatayotgan ta’siri turli geoekologik muammolarni
keltirib chigarmogda [1]. Mazkur muammolarni yechimida, aynigsa suv resurslari va tuproglardagi neft mahsulotlari migdorini samarali aniglashda
qo‘llaniladigan aniqligi yuqori, selektiv, tezkor va arzon tahlil usullarini ishlab chiqish, takomillashtirish amaliy ahamiyatga ega hisoblanadi.

Neft mahsulotlari atrof-muhitga katta salbiy ta’sir ko‘rsatadi, shuning uchun atrof-muhit havosi tarkibidagi neft mahsulotlari migdorini
doimiy nazorat qilib turish lozim. Neft gazib olish va gayta ishlash chigindilarining yer ustki gatlamlarida ochiq golib ketishi natijasida atrof
mubhitga salbiy ta’sirlari qo‘yidagilardan iborat:

-vaqt o‘tishi bilan kechadigan tabiiy jarayonlar ta’sirida tarkibda ro‘y beradigan ta’sirlar;

-doimiy rivojlanish va o‘zgarishlar jarayonlari ta’sirida bo‘lgan ekotizimning murakkabligi;

-ekotizimga ta’sir qiluvchi tashqi ta’sirlar (harorat, namlik, bosim va boshqalar)ning ko‘p xilligi va o‘zgaruvchanligi [1-3].

Neft mahsulotlari kanserogen va mutagen xususiyatlarga ega bo‘lganligi sababli ularni turli xil atrof-muhit obyektlarida tarkibi
standartlashtirilgan. Inson organizmiga suv, tuproq va havo orqali to‘g‘ridan to‘g‘ri ta’sir qiladi.
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Adabiyotlar tahlili. Jahon migyosida soha olimlari tomonidan suv resurslari va tuproglarni neft mahsulotlari bilan ifloslanishini baholash
hamda ular tarkibida neft mahsulotlari miqdorini aniqlash bo‘yicha keng ko‘lamli ilmiy-tadgiqotlar amalga oshirilmogda. Jumladan, geoekologik
mubhitni ifloslanish uchoqlarini aniqlash va o‘z vaqtida tegishli tezkor qarorlar qabul gilishga alohida e’tibor qaratilmoqda. Ushbu tadqiqotlar
natijalari, 0‘z navbatida, suv resurslari va tuproglarni ifloslanishini baholash va ularni muhofazalash hamda oqilona foydalanish bo‘yicha muayyan
chora-tadbirlarni amalga oshirishga imkon yaratadi.

Korxonalar suv havzalariga neft mahsulotlarini oqizishga ruhsat etilgan me’yorlardan ortiq tashlashi, tozalash inshoatlarining eskirganligi
sababli, oqava suvlarni tozalashda noto‘g‘ri usullardan foydalanish natijasida atrof-muhit obyektlarini neft mahsulotlari bilan ifloslanishi oshib
bormoqda. Atrof-muhit obyektlariga tashlanadigan oqava suv va chigindilarni nazorat gilish magsadida, Ozbekiston Respublikasi Davlat ekologiya
vazirligi va Sog‘likni saqlash vazirligi tomonidan odamlar uchun ekologik omillarning xavfsizligi yoki zararsizligi mezonlarini belgilaydigan
sanitariya va gigiyena normalari hujjatlari ishlab chigilgan [4-6]. Tuproq va havodan farqli o‘laroq suv ifloslantiruvchi moddalarni tashuvchi eng
muhim obyekt bo‘lganligi sababli, suvlarda ifloslantiriuvchi moddalarni tartibga solish alohida qiziqish uyg‘otadi [7,8]. 1-jadvalda suv obyektlarida
uglevodorodlarning ruxsat etilgan me’yorlari keltirilgan.

1-jadval. Suv obyektlarida uglevodorodlarning ruxsat etilgan me’yorlari.

Neft mahsulotlari Wunwuk cysu, mr/mm® Maishiy, ichimlik va madaniy suvlar, mg/dm? Baligchilik sanoati suvlari, mg/dm?
Xujjat ragami 0’z DSt 950-2011 0’z DSt 540-2010 TSh 00124-2020

Umumiy neft mahsulotlari 0,1 0,1 0,05

Fenol 0,001 0,001 0,0001

Naftalin 0,01 0,01 0,004

Benzo[a]piren 0,01 0,001 -

Benzol 10 1,0 0,1

Poliakrilamid 2,0 - -

Formaldegid 0,05 -

Atrof-muhitga ta’sir nuqta’i nazaridan uglevodorodlarning butun sinfi ifloslantiruvchi moddalar hisoblanadi. Shu bilan birga
uglevodorodlarning alohida guruhlarining salbiy ta’sir darajasi sezilarli darajada farqlanadi. Shunday ekan, hozirgi kunda atrof-muhit obyektlarida
neft mahsulotlarini doimiy nazorat gilish talab etiladi.

Farg ‘ona nefini qayta ishlash zavodi (FNQZ) — neftni qayta ishlash sanoati korxonasi. Farg‘ona neftni gayta ishlash zavodi 1960-1961
yillarda qurilgan bo‘lib, bosh korxona tarkibiga Oltiariq neftni gayta ishlash zavodi, Pop va Angren neft bazalari kiradi. Zavod yuqgori oktanli
benzen, aviotexnik kerosin, dizel yoqilg‘isi, kokos, turli xil motor moylari va dizel moylari, parafin, motor moylariga qo‘shimchalar, bitum, mazut
kabi 50 dan ortiq turli neft mahsulotlarini ishlab chigaradi [9]. Neft-gaz sanoati rivojlanishi ushbu sanoat korxonalari chigindilari va atrof muhit
obyektlariga ta’sirini o‘rganishni talab etadi. Shunga ko‘ra ekologiya va atrof-muhitni himoya qilish vazirligi hamda “GIDROINGEO instituti”
davlat muassasasi davlat dasturlari asosida yillik kuzatuv monitoringlarini olib boriladi. Farg‘ona neftni qayta ishlash (Oltiariq hududi) zavodida
“GIDROINGEQO instituti” DM hamda “O‘zbekgidrogeologiya” DUK shartnoma asosida yillik kuzatuv monitoring ishlarini olib boradi [9].
Monitoring doirasida neft baza hududidan va atrofidan olingan suv va tuprog namunalari har chorakda kimyoviy tahlil gilinadi.

Tahlil natijalari. Model eritma tayyorlash. Model eritma tayyorlash uchun Germaniyaning “LGC Labor GmbH” kompaniyasining ISO
17034 sertifikatiga ega laboratoriyada ishlab chiqarilgan, asosiy kompanent tarkibikamida 95% dan yuqori bo‘lgan, n-dekan (CioHio), eykozan
(Ca0Hyz), n-oktan (CgHig) va tetrakontan (CqHgz) standart namunalar ishlatildi. Model eritma tayyorlash uchun 100 sm® li o‘Ichov kolbasiga normal
uglevodorodlar aralashmasidan 4 mg dan o‘lchab olindi va hajmi 100 sm® bo‘lguncha ekstragent bilan to‘ldirildi. Model eritmalarda
uglevodorodlarning konsentratsiya migdori 20-50 mg/dm? tashkil etadi. Foydalanilgan standart namunalarni kompanent tarkibini bilish magsadida
xromatografik tahlillari bajarildi. 2-jadvalda standart namunalarni sifat pasportida keltirilgan komponent tarkibi hamda real tahlil natijalari
keltirilgan.

2-jadval. Standart namunalarni sifat pasportida keltirilgan kompanent tarkibi hamda real tahlil natijalari.

Standart  namuna Standart namuninin - - Standart namunining sifat pasportida . I
T nomi registratsiya nomeri o Chigish vagti, min ko‘rsatilgan kompal?ent tarﬁ(ib?, % Tahlil natijalari, %
1. n-oktan (CsHas) Cas Ne 111-65-9 1.030 >80,00 82,35
2. n-dekan (CioHi2) Cas Ne 124-18-5 1.47 >96,20 97,80
3. eykozan (CaoHa2) Cas Ne 112-95-8 11.41 >99,30 99,80
g, | tewakontan Cas No 4181-95-7 20045 >87,00 87,08

(CaoHs2)

Kolonkani ishga tayyorlash. Diametri 07-1,0 mm, uzunligi 6-10 sm standart teshikli va pistonli, ogzi shlif bilan yopilgan ajratuvchi
kolonkani xloroform bilan yuvib olindi, ekstrakt bilan yuvilgan shisha kolonkaga steklovata quyilib, ustiga 110°C da 4 soat davomida quritilib
o’zgarmas massaga keltirilgan alyuminiy oksiddan 0,2-2,0 g solindi. va kolonka og‘zi mahkam yopildi hamda tayyor xromatografik kolonkani
shtativga mahkamlandi.

Namunani ekstraksiya gilish. Tahlil uchun tarkibida neft mahsulotlari migdori 1.0, 5.0 va 10.0 mg/dm?® konsentratsiyali suv namunalaridan
olchab olindi va pH muhiti kislotali (pH=2) bo‘lguncha 1 M sulfat kislotadan 1-2 ml qo‘yildi, ustiga 20 ml organik erituvchi solib, 500 sm?
ajratuvchi voronka yordamida 5-8 dagiga davomida aralashtirildi. Aralashmani 5 dagiga organik gatlam suv gatlamdan ajralishi uchun qgoldirildi.
Hosil bo‘lgan organik qatlamni ajratuvchi voronkada ajratib olindi. Elyuatni suvsizlantirish magsadida, elyuat solingan byuksga natriy sulfat
tuzidan (140°C da 4 soat davomida quritilib 0’zgarmas massaga keltirilgan) 1-2 g solindi va yuqorida tayyorlangan xromatografik kolonkadan
o‘tkazilib organik elyuat 50 sm® byuksga yig‘ib olindi. Yig‘ib olingan elyuat gaz-xromatografik tahlili o‘tkazildi. Tahlil uchun Farg‘ona neftni
gayta ishlash zavodi hududadan olib kelingan 10 ta suv namunasi kimyoviy tahlil gilindi. 3-jadvalda tahlil natijalari keltirilgan.

3-jadval. Neft mahsulotlarining alanga-ionizatsion detektorli gaz-xromatografik aniglash natijalari.

Tir [ Namuna shifri [ Neft mahsulotlari migdori, mg/dm? [ s [ s
0’z DSt 950:2011  PAM=0,1 mr/am®

1 Namuna -1 0,05 0,003 0,060
2 Namuna -2 0,04 0,001 0,023
3 Namuna -3 0,05 0,003 0,067
4 Namuna -4 0,08 0,003 0,038
5 Namuna -5 0,02 0,003 0,136
6 Namuna -6 0,13 0,010 0,077
7 Namuna -7 0,08 0,003 0,037
8 Namuna -8 0,04 0,003 0,062
9 Namuna -9 0,15 0,010 0,070
10 Namuna -10 0,06 0,004 0,063

Neft mahsulotlarini aniglash Agilent Technologies 6850 markali mass-spekrometrik detektorli gaz-xromatograf yordamida bajarildi.
Maksimal ish harorati 300 °C kam bo‘lmagan silikon fazali xromatografik kapillyar kolonkali, ichki diametri 0,32 dan 0,53 mm gacha, uzunligi 5
dan 30 m gacha, harakatsiz fazaning plyonka qalinligi 0,25 dan 1,2 mikrongacha. Namuna quyish tizimini to‘g‘ridan-to‘g‘ri xromatografik ustunga
ishlatganda, uzunligi taxminan 2 m va ichki diametri 0,53 mm bo‘Igan oldingi kolonkadan foydalanildi.

1-rasmda namunalar tarkibidan ajratib olingan hamda GX-MS usuli yordamida aniglangan neft mahsulotlari fraksiyalarini
xromatogrammasi keltirilgan.
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1-rasm. Namunalarning mass-spektrometrik detektorli gaz-xromatografik usulda identifikatsiya gilingan neft mahsulotlari fraksiyalari.
Tahlil natijalariga asosan, namunalar tarkibida zavod xomashyo uglevodorodlari hisoblangan politsiklik aromatik uglevodorodlar, alifatik
uglevodorodlar, parafinli uglevodorodlar, naftenlilar va boshqa turdagi uglevodorodlar borligini ko‘rish mumkin.
Xulosalar.Yangi qo‘llanilgan mass-spektrometrik detektorli gaz-xromatorgafik usul yordamida birinchi marta Farg‘ona neftni qayta
ishlash zavodi hududidagi va monitoring quduglaridagi suv namunalari tarkibidagi neft mahsulotlari fraksiyalari identifikatsiya gilindi.
1.Zavod yuqori oktanli benzen, aviotexnik kerosin, dizel yoqilg‘isi, kokos, turli xil motor moylari va dizel moylari, parafin, motor
moylariga qo‘shimchalar, bitum, mazut va boshqalar kabi neft mahsulotlarini ishlab chigaradi. Shuningdek, tahlil natijalariga asosan, namunalar
tarkibida zavod xomashyo uglevodorodlari hisoblangan politsiklik aromatik uglevodorodlar, alifatik uglevodorodlar, parafinli uglevodorodlar,
naftenlilar va boshqa turdagi uglevodorodlar borligini aniglandi.
2.Farg‘ona neftni qayta ishlash zavodi hududidagi va monitoring quduqlaridagi suv namunalari tarkibidagi neft mahsulotlari miqdoriy
tahlil natijalariga asosan namuna-6 va namuna-9 kuzatuv burg‘u quduqlarida neft mahsulotlari miqdori ruxsat etilgan me’yorlardan oshganligi
aniglandi.
3.Yangi qo‘llanilgan gaz-xromatografik usul geoekologik va ekologik monitoring ishlarini bajarishda atrof-muhitni ifloslanishini
baholashda qo‘llash mumkin. Shuningdek, usul barcha turdagi suv namunalarini tahlil gilish, quyi aniglash chegarasining pastligi (0,02 mg/dm?3),
bir namuna tayyorlash sharoitida migdoriy va fraksiya tarkibini aniglash imkoni mavjudligi bilan bashqga usullardan afzal hisoblanadi.
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The paper presents the results of studies on obtaining resorbable biomedical materials based on polylactide/calcium hydroxyapatite and various
inorganic modifiers. The physicochemical properties of the materials were studied by modern methods: ERF, XRD, FTIR, TGA, DSC, and the
mechanical hardness was studied by the Vickers method.
Key words: polylactide, hydroxyapatite, modifier, biomedical materials, resorption, biodegradation.

BUOMEJMIIMHCKUE MATEPHUAJIBI HA OCHOBE IIOJIMJIAKTUJIA U TUAPOKCUATIATUTA: IIOJTYYEHUE, ®U3UKO-
XHUMHAYECKHE U MEXAHUYECKHAE CBOMCTBA
AHHOTaIUsS
B pabote mpexacraBieHbl pe3ysbTaThl HCCIACAOBAHMUIT IO MOIYYCHHIO pe30pOupyemMbie OHOMETHIHCKAE MaTepuasbl Ha OCHOBE MOJMIAKTHAA /
THAPOKCHANIATATA KAJbLM M Pa3IMYHBIX HEOPraHMYecKnxX MoAu(HKaTOpoB. V3ydeHsl (U3MKO-XUMHYECKHE CBOMCTBA MaTEpHAIIOB
coBpemennbiMu Metonamu: ERF, XRD, FTIR, TGA, DSC, a MmexaHHueCKy0 TBEpIOCTh H3YyUeH MeTooM Bukkepca.
KiaioueBble ¢J10Ba: MOMIIAKTHA, THAPOKCHANIATHT, MOAU(DHKATOP, OHOMEIUIIMHCKHE MATEPHAIIbL, Pe30pOLsi, OHoerpaars.

POLILAKTID VA GIDROKSIAPATIT ASOSIDA BIOTIBBIY MATERIALLAR: OLINISHI, FIZIK-KIMYOVIY VA MEXANIK
XOSSALARI
Annotatsiya
Mazkur ishda polilaktid/kalsiy gidroksiapatit hamda turli noorganik modifikatorlar asosida suyak o‘rnini bosuvchi, rezorbtsiyalanish xususiyatiga
ega biotibbiy materiallar olish borasidagi tadgiqotlar natijalari keltirilgan. Materiallarning fizik-kimyoviy xossalari zamonaviy usullar: ERF, XRD,
FTIR, TGA, DSC vositasida, mexanik gattigligi esa Vikkers usulida tadgiq etildi.
Kalit so‘zlar: polilaktid, gidroksiapatit, modifikator, biotibbiy materiallar, rezorbsiya, biodegradatsiya.

Kirish. So‘nggi yillarda tirik hujayralar bilan muvofiqligi yuqori bo‘lgan, turli shikastlanishlar oqibatini yaxshilashga imkon beruvchi,
shuningdek, xossalari oldindan ma’lum bo‘lgan biotibbiy materiallar sintez qilish va amaliyotga joriy etish dolzarb vazifalardan biriga aylandi.
Masalan, singan va shikastlangan suyaklarni fiksatsiyasi uchun qo‘llaniladigan inert hamda rezorbsiyalanuvchan plastinkalar hamda fiksatorlarga
bo‘lgan dunyo bo‘yicha yillik ehtiyoj ikki milliontadan ko‘proqni tashkil etadi [1]. Bunday materiallarning eng ko‘p tadqiq etilgani tabiiy suyakning
tarkibiy qismi bo‘lgan — kollagen hamda mineral komponent — kalsiy gidroksiapatit asosida olingan [2, 3]. Yana bir muhim komponentlardan biri
— polilaktid bo‘lib, uning mineral komponent — gidroksiapatit bilan hosil gilgan kompozit materiallari ham keng tadqiq etilgan materiallar sirasiga
kiradi [4, 5]. Shuningdek, kollagen/xitozan [6], nanokristallik sellyuloza/polilaktid [7], polifosfazen/gidroksiapatit [8], poli-¢-kaprolakton/kalsiy
fosfat [9], agaroza/gidroksiapatit [10] va boshga gator materiallar asosida suyakning zararlangan gismlarini o‘rnini bosuvchi, rezorbsiyalanish
xususiyatiga ega kompozit materiallar olingan va xossalari tadqiq etilgan. Bu boradagi so‘nggi yillarning asosiy tadqiqot yo*nalishi — suyaklarni
zamonaviy “to‘qima muhandisligi” usullari vositasida tiklash bo‘yicha rivojlanib bormoqda [11, 12]. To‘qima muhandisligida bir gator yutuglarga
erishilganligiga qaramasdan, biologik muvofiqligi yuqori, arzon, olinishi qulay bo‘lgan, barcha talablarga javob beruvchi, rezorbsiyalanuvchan
biotibbiy materiallar olishga bo‘lgan talab yuqoriligicha golmogda.

Mazkur ishda Samarqand davlat universitetida polilaktid/gidroksiapatit asosida biologik jihatdan to‘qimalar bilan muvofiqligi yuqori
bo‘lgan, rezorbsiyalanuvchan xossalarga ega biotibbiy materiallar olish va xossalarini o‘rganish borasida olib borilayotgan tadgiqotlar natijalari
keltirilgan.

Materiallar. PLA (Mw=80 kDa), kalsiy gidroksiapatit (HA, zarrachalar o‘lchami — 80 um), MgF,, CaF,, Mgs(PO4),, limon kislota,
xloroform hamda tadqiqot uchun zarur bo‘lgan reaktivlarning barchasi Xitoyning “Jinan Future Chemical Co.” LTD dan sotib olindi. Shuningdek,
dastlabki xom ashyodan to polilaktid olishgacha bo‘lgan barcha bosqichlarni 0‘z ichiga olgan, sintez usuli ishlab chiqilgan [13] va ushbu usul
vositasida olingan polilaktiddan ham foydalanildi. Kalsiy gidroksiapatit: tijoriy olingan hamda sintez gilingan namunalaridan foydalanildi [14].

Metodlar. Materiallar sintezida “erituvchi ishtirokida quyish” hamda ekstruziya usulidan foydalanildi, materiallar xossalarini tadqiq
etishda 1Q spektroskopiya, energodispertsion rentgen fluorestsent, kukun rentgen difraksiyasi, termik usullar, mexanik xossalarini aniglashda
Vikkers bo‘yicha qattiqligi singari usullardan foydalanildi.

Tajribviy gism. PLA-HA asosidagi materiallarni olish. Kompozit materiallar olish uchun erituvchi yordamida quyish (solvent casting
method) usuli qo‘llanildi. Buning uchun ma’lum miqdordagi polilaktid hamda kalsiy gidroksiapatit xloroformdagi eritmalaridan foydalanildi.
Xloroformga massa jihatdan 10% miqdorda polilaktid 4 soat davomida doimiy aralashtirilib turgan holda eritildi. Shundan so‘ng, yuqoridan
aralashtirib turgan holda ustiga asta-sekin kalsiy gidroksiapatit hamda ma’lum miqdordagi turli modifikatorlar — MgF,, CaF,, Mgs(PO4), va limon
kislota qo‘shib, 2 soat aralashtirildi. Modifikatorlar PLA/GA namunasiga nisbatan massa jihatdan 5%, 10% va 20% miqdorda qo‘shildi.
Qo‘shiladigan kalsiy gidroksiapatit hamda modifikatorlar o‘lchamlari 0,075 pm bo‘lgan elakdan o‘tkazilgan namunalari qo‘llanildi. Shundan so‘ng
aralashma ma’lum qoliplarda quyilib, xona haroratida 3-5 sutka davomida qoldirildi. Materiallarga shakl berish uchun keyingi bosgichda
ekstruziyadan foydalanildi. Buning uchun olingan material polilaktidning suyuglanish temperaturasi — 140+5 °C da gizdirilgan holda, ekstruziya
qilinib, shakl berildi.

Materiallarning fizik-kimyoviy xossalarini tadgiq etish

Energodispersion rentgen fluorescent analiz. Namunalarning element tarkibini aniglash uchun energodispersion rentgen fluorescent
analizidan foydalanildi (NexDe, Rigaku, Yaponiya).

-396 -


mailto:muzaffarovabaxtiniso1996@gmail.com

0¢zMU xabarlari Becrnuxk HYY3 ACTA NUUz | KIMYO | 3/2/1 2024

1Q-spektroskopiya. Namunalarning 1Q-spektrlari FT-IR spektrometrda (IRAffinity-1S, Shimadzu, Yaponiya) olindi. Namunalarning 1Q-
spektrlarini gayd etish uchun namunalar dastlab quritildi, maydalandi. ATR rejimida olingan 1Q-spektrlari maxsus dastur orgali gayta ishlandi.

Kukun rentgen difraksiyasi. Namunalarning fazaviy holatlari, kristallik darajasi singari parametrlari kukun rentgen difraktsiyasi usulida
tadgiq etildi (Maxima, XRD-7000, Shimadzu, Yaponiya). Jarayon parametrlari: Cu Ka elektromagnit nurlanish manbai (A=0.1544 nm), kuchlanish
—30 kV, tok kuchi — 30 mA, 20 skanerlash 10° dan 70° gacha, skanerlash qadami — 0.02°, tezligi — 2°*min™, tirgish kengligi — 0.3 nm.

Namunalarning termik analizi. Materiallarning kompleks termik analizi (TG-60H, Shimadzu Corporation, Japan) qurilmasida o‘tkazildi.
Tajribalar temperaturasi 50 dan to 600 °C gacha, tezligi 20 °C-min, azot atmosferasida olib borildi. Olingan natijalar “Origin2024bSrONo_H”
dasturiy vositasi yordamida tahlil gilindi.

Differensial skanerlovchi kalorimetriya tahlili. Kompozit materiallarning 8-16 mg namunasi DSC analizi differensial skanerlovchi
kalorimetrida (DSC-60H, Shimadzu Corporation, Japan) azot atmosferasida, 10 °C-min* tezlikda olib borildi. DSC analizi asosida namunalarning
shishaga o‘tish harorati aniqlandi.

Mexanik xossalar: namunalarning gattigligini Vikkers bo‘yicha aniglash. Namunalarning mexanik xossalari, xususan qattigligi Vikers
usulida aniglandi (KASON-59-HVS, Xitoy). Vikkers usulida namunalarning gattigligini aniqlashda tekshirilayotgan material namunasi to‘rt
burchakli piramida shaklidagi olmos bilan 136° burchak ostida 980,7 N (100 kgs) gacha yuklama (R) beriladi va 10-15 sekund tutib turiladi. Ushbu
tajribalarda namunalarga 2kg yuklama berilib, 20 sekund davomida tutib turildi. Hisoblashlar tegishli formula bo‘yicha olib borildi.

Olingan natijalar va ularning muhokamasi

1. Element analizi. Qo‘llanilgan kalsiy gidroksiapatit namunalari ikki xil variantda bo‘ldi: biri — tijoriy olingan namunalar, ikkinchisi —
laboratoriyada sintez gilingan namunalar. Sintez gilingan namunalarning element analizi natijalaridan ularning tarkibidagi CaO/P,Os ning mol
nisbatlari 2.3:1 dan 6,6:1 gacha ekanligi aniglandi.

2. 1Q-spektroskopiya. ~1030-1040 va 1082,07 sm™ dagi kuchli polosalar fosfat guruhining apatit panjarasi tebranishlariga xos (1-rasm).
Odatda, 1024 sm™ sohada sof fosfat (PO,*) guruhining valent tebranishlari ko‘rinadi, ushbu namunalarda esa uning ~1030-1040 sm™ soha atrofida
ko‘ringanligi polimer matritsa hamda kalsiy gidroksiapatit o‘rtasida ta’sirlar yuzaga kelganligini ko‘rsatadi. C—O valent tebranishlariga xos bo‘lgan
polosalarning 1182,36 gacha siljiganligi, shuningdek, fosfat guruhining apatit panjarasi tebranishlariga xos polosalarning 1031,92 va 1083,99 sm™
ga gadar siljiganligi polimer matritsa hamda kalsiy gidroksiapatit orasida ta’sirlar yuz berganligi to‘g‘risida xulosa gilishga imkon beradi.
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1-rasm. PLA/HA massa jihatdan 80:20 tarkibli materialning 1Q-spektri
3. Kukun rentgen difraktsiyasi. Quyidagi rasmda olingan namunalarning rentgen difraktogrammalari keltirilgan (2-rasm). Olingan
natijalardan ko‘rishimiz mumkinki, 26=15-20° diapazondagi signallar PLA ning yuqori kristallik sohasining a-fazasi (psevdoortorombik, a=1,06
nm) ga tegishli [7].

PLAMA 80:20 PLAMIA/CSF; 160.40.4

Tntensiviik

20 20
A) B)
2-rasm. PLA/HA komponentlar nisbati 80:20 bo’lgan (A) namuna hamda +20% CaF; modifikator qo 'shilgan (B) kompozit materiallarning
rentgen difraktogrammasi

PLA/HA nisbati 80:20 bo‘lgan namunalarga modifikator sifatida turli noorganik hamda organik tabiatli moddalarning qo*shilishi kristallik
darajasining o‘zgarishiga olib kelishi kuzatildi. Shu bilan birga, cho‘qgilarning yoyilib ketganligi namunada amorf tuzilishining ulishi katta
ekanligidan dalolat. 20 = 25-50° sohalardagi cho‘qgilar kalsiy gidroksiaptitga tegishli bo‘lib, qo‘shilgan modifikatorning tabiatiga ko‘ra ularning
intensivliklari o‘zgarganligini ko‘rish mumkin. Namunalarga modifikator sifatida 20% CaF, qo‘shilgan materiallarning rentgen
difraktogrammasidan 26=15-20- diapazondagi cho‘qqilarning intensivligi kamayganligi, binobarin kristallik pasayganligi, lekin shu bilan birga
26=30-60° diapazonda esa yangi kristallik cho‘ggilarning hosil bo‘lganligini ko‘rish mumkin.

Olingan difraktogrammalar asosida namunalarning kristallik darajasi hisoblab topildi. Unga ko‘ra PLA/HA — 58,4%; PLA/HA+MgF, —
60,6%; PLA/HA+CaF,— 48,4%; PLA/HA+Mg;(PO,),— 53,2% va PLA/HA+Limon kislota — 53,7% elanligi aniglandi. Olingan natijalardan magniy
ftorid modifikator sifatida qo‘llanilgan namunalarning kristallik darajasi (60,6%) yuqori ekanligini ko‘rish mumkin.

Termik analiz natijalari tahlili. Polilaktid va kalsiy gidroksiapatitning optimal tanlangan nisbati 80:20 bo’lgan namunalar hamda ularga
5%, 10% va 20% miqdorlarda MgF,, CaF,, Mgs(POy,), va limon kislotalari modifikator sifatida go‘shilgan namunalar termik usullarda sinovlardan
o'tkazildi. Olingan natijalar “Origin2024bSrONo_H” dasturiy vositasi yordamida vizuallashtirildi hamda tahlil qilindi. Namunalar maxsus
maydalagich yordamida tuyildi va mayda holatga keltirildi va analiz uchun 9-16 mg massada namunalar ishlatildi.

PLA/HA massa nisbati 80:20 tarkibli kompozitning asosiy parchalanish 360 °C dan boshlangan. Temperatura 410 °C ga yetganda
namunaning 77.23 % i parchalangan va qoldiq kul migdori 13.22 % ni tashkil etdi (7-rasm). Bunga mos ravishda 290 va 410 °C larda endo- hamda
410, 470, 500 va 515 °C larda ekzo- effektlar kuzatilgan. 100 — 200 °C oraligda namunalar adsorbsion suv hisobiga 3.95% massa yo*qotish kuzatildi.
200 °C dan boshlab to 360 °C oralig‘ida namuna tarkibidagi oson uchuvchan komponentlar — oligomerlar, erituvchi goldiglari hamda boshga
birikmalar hisobiga 5,32% massa kamayishini kuzatildi. Birikmaning 70-80 % gismi parchalanishi uchun zarur temperatura 360 °C ni tashkil etib,
bu aynan shu temperaturada birikma tarkibidagi polilaktid, gidroksiapatit va to‘Idiruvchilarning parchalanishi yuz berishini isbotlaydi. To‘ldiruvchi
sifatida Mgs(PO,), va limon kislota qo‘shilgan parchalanishda keskin farqni ko‘rish mumkin. Birikma tarkibiga Mgs(PO4), ni qo‘shilishi
parchalanish temperaturasini keskin, 260 °C gacha pasayishiga olib kelgan. Limon kislotaning qo‘shilishi natijasida asosiy parchalanish migdorini
83.1 % ga ortganligini ko‘rish mumkin.
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7-rasm. PLA/HA 80:20 tarkibli material namunasining termik analiz natijalari
DSC analizi tahlili. DSC analizi natijalaridan ko‘rishimiz mumkinki (8-rasm), olingan kompozit materiallarning shishalanish

temperaturalari 165+3 °C orasida bo‘ldi. Qo‘shilgan modifikatorlarning ta’sirida sezilarli o‘zgarish bo‘lmaganligini ko‘rish mumkin.

PLATHA(S20) Temperature (°C)
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8-rasm. Materiallarning shishalanish temperaturasini aniglash

Materiallarning mikrogattigligini Vikkers usulida tekshirish. Namunalarning mikrogattigligini aniglashda ikki turdagi namunalardan
foydalanildi. Dastlab, eritmalardan bug‘latish yo‘li bilan olingan materiallarning qattigligi o‘rganildi. Bunda, olingan materiallarning
mikrogattigligi 13.0 — 15.7 HV orasida bo‘lganligi kuzatildi. Bu giymat odamning yoshiga, suyakning turiga bog‘liq ravishda o‘zgarib turuvchi
gattiglik diapazoni 28-50 HV ga nisbatan ancha pastligini ko‘rish mumkin. Shu sababli namunalaring kristallik darajasini, binobarin, gattigligini
oshirish, shuningdek, ularga shakl berish jarayonini amalga oshirish uchun ekstruziya gilindi. Ekstruziya natijasida namunalarning mikrogattiqligi
27-34 HV gacha oshganligini ko‘rish mumkin. Eng qattiq namunalar - PLA/HA asosidagi kompozit tarkibiga MgF, + CaF, + Mgs(PO.), larning
har biridan 5% dan go‘shilgan namunalar ekanligi aniglandi.

Xulosalar. Oksikislota — sut kislotaning polikondensatsiya mahsuloti — polilaktid hamda kalsiy gidroksiapatit, shuningdek, turli noorganik
modifikatorlar asosida suyak o‘rnini bosuvchi, rezorbtsiyalanish xususiyatiga ega biotibbiy materiallar olindi. Materiallarning fizik-kimyoviy
xossalari zamonaviy usullar: ERF, XRD, FTIR, TGA, DSC vositasida, mexanik qgattiqligi esa Vikkers usulida tadqiq etildi. “Solvent casting
method” — erituvchi yordamida quyish usulida kompozit materiallar sintez gilindi. Sintez gilingan materiallar ekstruziyadan so‘ng Vikkers bo‘yicha
qgattigligi 27-34 HV orasida bo‘lib, tabiiy suyakning minimal gattigligiga mosligi aniglandi. Qo‘shilgan modifikatorning turiga ko‘ra namunalarning
fizik-kimyoviy xossalaridagi o‘zgarishlar ko‘rsatildi.
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HEAVY AND TOXIC METAL IONS INDUSTRIAL WASTEWATER IMPORTANCE OF DETERMINATION FROM
COMPOSITION
Annotation

In our research work, the presence of copper(ll) and zinc(ll) ions in the composition of the industrial wastewater leaking from the gold mining
"Kuchbulok mine" belonging to the Angren mining department of the Almalyk mining and metallurgical combine was studied through qualitative
reactions of the corresponding ions. The pH environment of the water was determined. Based on qualitative reactions, inversion-voltammetric and
X-ray-fluorescence quantitative analyzes were carried out.

Key words: trace element, industry, waste water, mine, metal ions, Cu(ll), Zn(ll), background electrolyte, buffer mixture, inversion voltammetry,
electrochemical sensor.

HOHBI TAXEJIBIX U TOKCUYHBIX METAJIJIOB TIPOMBIINJIEHHBIE CTOYHBIE BO/J1bI BA)KHOCTb OIIPEJEJIEHHUSI U3
COCTABA
AHHOTaIUA
B namreit nccnenoBarensckoi pabore nzydeno Haamuue noHoB Menu(1l) n muuaka(Il) B cocTaBe NPOMBIIIIEHHBIX CTOYHBIX BOJ|, BEITEKAIOIINX H3
3010T000BIBatOIEro npeanpusaTus «KydOynoKCKUiA pyIHHUK», MPUHAIEKALEr0 AHIPEHCKOMY TOPHOPYIHOMY YIPABICHUIO AJIMAJIBIKCKOTO
TOPHO-METAJUIPrH4ECKOro KOMOMHATA, MOCPEACTBOM Ka4eCTBEHHBIC PEaKLUU COOTBETCTBYOmMX HOHOB. Ompenensum pH cpeasr Boasl. Ha
OCHOBAaHHYM KAaueCTBEHHBIX PEAKIUH IIPOBEACHBl HHBEPCHOHHO-BOJIBTAMIIEPOMETPUYSCKUH M PEHITEHO(IYOPECHEHTHBIH KONMNYEeCTBEHHBIN
QHAIM3BI.
KiioueBble ¢J10Ba: MUKPODJIEMEHT, IPOMBIILICHHOCTh, CTOYHBIE BOIbI, [1axTa, HoHbl MeTaiuioB, Cu(1l), Zn(Il), ¢poHoBbIi a1exTponuT, OyhepHas
CMeCh, HHBEPCHOHHAS BOJIbTAMIIEPOMETPHS, JIEKTPOXUMUYECKHIH CEHCOP.

OG‘IR VA ZAHARLI METALL IONLARINI SANOAT OQAVA SUV TARKIBIDAN ANIQLASHNING AHAMIYATI
Annotatsiya
Tadqiqot ishimizda Olmaliq tog‘-metallurgiya kombinati Angren kon boshqarmasiga qarashli, oltin qazib oluvchi “Kuchbuloq shaxtasi” dan sizib
chigayotgan sanoat ogava suv tarkibidan mis(I) va rux(Il) ionlarini mavjudligi tegishli ionlarning sifat reaksiyalari orqali o‘rganildi. Suvning pH
muhiti aniglandi. Sifat reaksiyalariga asoslangan holda inversion-voltamperometrik va rentgen-fluoressent miqgdor analizlari o‘tkazildi.
Kalit so‘zlar: mikroelement, sanoat, ogava suv, kon, metall ionlari, Cu(ll), Zn(11), fon elektroliti, bufer aralashma, inversion-voltamperometriya,
elektrokimyoviy sensor.

Kirish. Suv sifati iste’molchilar uchun eng muhim omil hisoblanadi, chunki uning sifati undan foydalanuvchilarning sog‘lig‘iga sezilarli
ta’sir ko‘rsatadi. Suv sifatini kuzatish va nazorat qilish kimyogarlar uchun alohida ahamiyatga ega.

Tahlilning inversion-voltamperometrik uslublari yugori sezuvchanligi, kichik xatolar va aniglash natijalarining yaxshi takrorlanishi,
o'lchash tezligi, shuningdek, uskunaning nisbatan arzon narxi va uni ishlatish qulayligi tufayli zamonaviy analitik kimyoning eng istigbolli
usullaridan biridir. Usul orgali sanoatda tuzli eritmalarning konsentratsiyasini tahliliy nazorat qilishda, yerusti va yerosti suvlarning tarkibi, suvning
sifati va tozalashni nazorat qilish, oqova suvlarning ifloslanganligini baholashda keng ko‘lamda foydalanilishi mumkin.

Mavzuga oid adabiyotlar tahlili. O‘sib borayotgan talab va joriy taklif o‘rtasidagi ziddiyat sanoatning sog‘lom rivojlanishiga juda katta
ta’sir ko‘rsatadi. Sanoatda suvdan foydalanishning o‘zgarishining asosiy ta’sir etuvchi omillarini o‘rganish suv resurslarini boshgarishda muhim
amaliy ahamiyatga ega. Sanoat rivojlanishi sanoat suvidan foydalanishning o‘zgarishiga eng katta hissa qo‘shadi va taxlillar davrida ijobiy ta’sir
ko‘rsatadi. Texnologik taraqqiyot sanoat suvidan foydalanishni qisqartirishda katta rol o‘ynaydi, ammo vaqt o‘tishi bilan salbiy ta’sir vaqti-vaqti
bilan o‘zgarib boradi. Atrof-muhitni muhofaza qilish ham erta taxlillar davrida ijobiy ta’sir ko‘rsatadi va keyinchalik vaqt o‘tishi bilan aks ta’sir
ko‘rsatadi. Ushbu tadgiqot natijalari tegishli organlarga sanoatni rivojlantirishni rejalashtirish va suvni tejash siyosatini ishlab chigishda va sanoat
suviga bo‘lgan talabni oqgilona nazorat qilishda yordam berishi mumkin [1]. Tabiiy resurslar insoniyat hayoti va rivojlanishi uchun alohida ahamiyatga ega
bo‘lgan barcha moddiy ne’matlarning asosidir. Shuning uchun tabiiy resurslami bargaror boshgarish zamonaviy jamiyat uchun katta ahamiyatga ega. Tuprogdagi
og‘ir metallarning konsentratsiyasi (Cu, Fe, Cd, Mn, Pb va Zn) ekinlarning ifloslanishiga salbiy ta’sir ko‘rsatadi. Inson faoliyati ekologik bargarorlik tamoyillari
asosida rivojlanishi kerak. Inson faoliyati bilan ifloslangan atrof-muhitni yaxshilash uchun igtisodiy va ijtimoiy farovonlik va atrof-muhitni muhofaza qilish, tabiiy
resurslarni saglash va gayta tiklash kerak. Bundan tashaari, atrof-muhitning farovonligini boshqarish va kelajakda atrof-muhit musaffoligini saglash xavfsiz ozig-
ovgat mahsulotlarini ishlab chigarish imkonini beradi. Yaxshi sifatli suv resurslarini saglash xavfsizlik va tuproq sifatini yaratadi. So‘nggi paytlarda tabiiy resurslar,
aynigsa, suv sifati, tuprogni saqlash va ularning hayotimiz uchun ahamiyati to‘g‘risida xabardorlik sezilarli darajada oshdi. Tadgiqot turli metodologiyalar, sifat,
miqdoriy tahlil va statistikani o‘z ichiga olgan [2].

O‘zbekiston rangdor metallurgiyasining eng ahamiyatli tarmoglaridan biri oltin sanoatidir. Shujumladan Kuchbulog oltin koni - Angren
shahridan 15 km janubda, Qurama tizmasining shimoliy yon bag‘ridagi kon. 1959-yilda topilgan. 1966-yildan o‘zlashtirilmoqda. Rudalarning
tarkibida ko‘proq kvars va kamrog migdorda karbonat, seritsitlardan tashqari, turli sulfidlar va kam darajada sulfa tuzlar, telluridlar, oksidlar,
tug‘ma elementlar mavjud. Turli ruda tanalarida rudali minerallarning miqdori har xil. Konda oltin-sulfid-telluridli assotsatsiya asosiy oltin
mahsulotli hisoblanadi. Burg‘ulash ma’lumotlariga ko‘ra rudalanish ko‘lami 1500 metr chuqurlikgacha boradi. Kondan hozirgi vagtda keng
ko‘lamda foydalanilmoqda. Chuqur gorizontlari va chekka qgismlari yaxshi o‘rganilmagan.

Olmaliq tog*-metallurgiya kombinati, Angren kon boshqarmasiga qarashli, oltin qazib oluvchi “Kuchbuloq shaxtasi” dan sizib chiqayotgan
ogava suv 200 metr chuqurlikdan sizib chigadi. Sizib chigayotgan ogava suv maxsus nasoslar bilan tepaga chigariladi, tozalash inshootiga suvni
ogizib etkaziladi. Loyga holatdagi ogava suv so‘ndirilgan oxak bilan loyqasi hovuzlarga cho‘ktiriladi. Tozalangan ogava suv soyga oqizib
yuboriladi, 1 oy mobaynida 600 ming tonna suv sizib chigadi.
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Tadgigot metodologiyasi. Tadgigot ishimizda shaxtadan sizib chigayotgan ogava suvning pH muhiti Shvetsariyada ishlab chigarilgan
pH metr pH/Mv/TEMP m FiveEasy F20 va magnitli aralashtirgich MS-H280-Pro qurilmalaridan foydalanib o‘rganildi. Texnik suv kislotali, ya’ni
pH 1,12 ekanligi aniglandi.

Tahlil natijalari grafit asosidagi elektrokimyoviy sensor, to‘yingan kaliy xloridli solishtirma elektrod, hamda katta yuza sathiga ega
yordamchi grafit elektrodidan tuzilgan elektrolizyor, kompyuter bilan ta’minlangan ABC-1.1 qurilmasi yordamida gayd gilindi[3].

Tahlil va natijalar. Tadgiqot ishi ogava suv namunasini analizga tayyorlashdan boshlandi. Buning uchun namunadan 10 ml olinib,
bug‘latildi va fon eritmasi ishtirokida filtrdan o‘tkazildi, hamda o‘lchashlar amalga oshirildi. Fon elektroliti sifatida bir gancha turli migdor va
tabiatiga ega bo‘lgan fon elektrolitlaridan foydalandik. Fon elektrolit sifatida ishlatilayotgan ushbu eritmalar tegishli tuzlarni bidistillangan suvda
eritish orqali va bufer eritmalarni analitik kimyo qo‘llanmasidan foydalanib tayyorlandi[4]. Olingan natijalar 1, 2-jadvallarda va 1-rasmda
keltirilgan.

1-jadval
Cu(II) va Zn(II) ionlarini aniqlashda fon elektrolitlari va bufer aralashmalarining ta’siri
(tk.=2,5 mKA,; t= 120 s; Cc,= 10 mkg/dm?®; Cz,= 10 mkg/dmd)
Ne Fon elektrolit tabiati, Cu(ll) Zn(l11)
kons. E E,mv I, mkA E,mV I, mkA
m m d m d
1 0,2 M KCI -160 2,6 -410 3,2
2 0,2 M KBr -190 2,7 -430 3,3
3 0,2 M HCI -180 2,5 -440 14
4 0,2MH PO - - -450 35
3 4
5 0,2 M KJ -240 2,7 -460 3,7
6 0,2MH SO -160 2,6 -440 3,6
2 4
7 0,2 M HCOOH -170 2,4 -470 3,6
8 0,2 M CHsCOOH -160 2,6 -460 3,6
9 Universal bufer -180 3,0 -480 4,2
10 Britten-Robinson buferi -220 2,6 - -
2-jadval
Universal buferning turli xil pH giymatlarini Cu(l1) va Zn(ll) ionlarini analitik signaliga ta’siri
3 3
(t.k.=2,5 mkA; t=120s; C =10 mkg/dm ; C =10 mkg/dm)
Cu Zn
Topildi Cu(ll), Zn(I1) (P=0,95; n=3)
Ne pH I, mm. Cu(ll) I, mm. Zn(I1)
d d
1 1,85 4,04 3,20
2 2,65 4,58 3,00
3 3,56 5,03 3,15
4 4,25 5,90 3,30
5 4,75 6,20 3,55
6 5,45 5,80 3,75
7 5,90 4,75 3,50
8 8,40 4,50 3,40
9 9,45 3,80 3,00
10 11,02 2,90 2,20
1-rasm
Le 1- pH 11,02
| o 2-pH 9,45
i i\ 3- pH 2,65
T\
3= —\ 4- pH 3,56
1 A\l 5-pH 1,85
1 6- pH 4,25
1 7-pH 8,40
8- pH 5,90
9- pH 4,75
10- pH 5,45

1-rasm. Universal buferning turli xil pH giymatlarini Zn(l1l) ionini analitik signaliga ta’siri
(t.k.=2,5 mKA; t= 120 s; Cz,= 10 mkg/dmd)
Olingan natijalardan ko‘rinib turibdiki, Cu(Il) va Zn(ll) ionlarini aniglashda eng magbul fon elektroliti universal bufer aralashma ekan.
Biz keyingi ishlarimizda aynan pH 4-6 oraliqdagi giymatlarga ega universal bufer aralashma fon elektrolitidan foydalandik. Sanoat ogava suv
tarkibidan mis(I1) va rux(ll) ionlarini inversion-voltamperometrik analiz gilinganda olingan natijalar 3-jadvalda keltirilgan.
3-jadval
Olmaliq tog¢-metallurgiya kombinati Angren kon boshgarmasiga garashli, oltin qazib oluvchi “Kuchbuloq shaxtasi” dan sizib
chigayotgan sanoat ogava suv tarkibidan Cu(ll) va Zn(l1) ionlarini inversion-voltamperometrik analiz natijalari
Element % mg/sm?®
4,15 36,72

29

a
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1,42 12,56

[Zn |

Rentgen-fluoressent spektrometrlarining doimiy takomillashtirilishi va rivojlanishi tufayli metallurgiya, geologiya, minerallar, neft,
kimyo, biologik, tibbiy, jinoiy gidiruv, arxeologiya va boshgalar kabi ko‘plab bo‘lim va sohalarda keng go‘llanilmogda. Nafagat kimyoviy
elementlarni, fizik fazalarni, kimyoviy stereo tuzilmalarni, ashyoviy dalil materiallarini sinash, mahsulot va material sifatini buzilmaydigan
tekshirish, inson tanasini tibbiy ko‘rikdan o‘tkazish, mikrosxemalar fotolitografik ekspertizasi va boshgalarni sinash uchun muhim tahliliy vositaga
aylangan.

Rentgen-fluoressent tahlili element tahlili sifatida foydalanilib, bunda rentgen nurlarining tahlil gilinadigan modda bilan o‘zaro ta’siriga
asoslangan rentgen spektrini tahlil gilish usullaridan biridir.

Hozirgi kunda muhim analitik analiz usulidir. Shularni inobatga holda Olmaliq tog‘-metallurgiya kombinati Angren kon boshgarmasiga garashli,
oltin qazib oluvchi “Kuchbuloq shaxtasi” dan sizib chigayotgan sanoat oqava suv tarkibini rentgen-fluoressent tahlil natijalari olindi va natijalari
2-rasmda keltirilgan.

Specium
CDS’:‘A x40 x40 X 0.040
e YSTS3E 5T — 3
EFEEE] F¥ —,if 3% 28 gx
os] Eigo| & EE 33 3 P =
zo6 . h» u
g ElE 3
Eos < H Pis
0.2
[l
) 10 15 20 25 4 12 14 20 30 40
Low-Z Mid-Z High-Z keV

2-rasm
2-rasm. Olmaliq tog‘-metallurgiya kombinati Angren kon boshqarmasiga qarashli, oltin qazib oluvchi “Kuchbuloq shaxtasi” dan sizib
chigayotgan sanoat ogava suv tarkibini rentgen-fluoressent tahlil natijalari

Analvzed EP

i

Xulosa va takliflar. Inversion-voltamperometrik usul tahlil natijalariga ko‘ra Olmaliq tog‘-metallurgiya kombinati Angren kon
boshqarmasiga qarashli, oltin qazib oluvchi “Kuchbuloq shaxtasi” dan sizib chiqayotgan sanoat oqava suv tarkibida 36,72 mg/sm® mis va 12,56
mg/sm? rux ionlari mavjudligi aniglandi. Biz ishlab chiggan zamonaviy inversion-voltamperometrik tahlil uslubida moddalar konsentratsiyasini
keng intervalda (1 dan 1-10-9 mol/l gacha) aniglash imkoniyatini berishi, juda ham osonlik bilan avtomatlashtirilishi ozig-ovgat mahsulotlari va
suv sifatini nazorat qilishda qo‘llanilishi mumkin.
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BNOKS-S,S-3,6 REAGENTI VA UNING Ni?* IONI BILAN HOSIL QILGAN KOMPLEKS BIRIKMASI TADQIQOTI
Annatatsiya

BNOKS-S,S-3,6 (7-brom-2-nitrozo-1-oksinaftalin-3,6-disulfokislotasi) reagentining turli fizik-kimyoviy parametrlari Gaussian 09 dasturiy paketi
yordami bilan kvant kimyoviy tahlil gilindi. Hisoblashlar uch parametrli gibridli almashinish Bekke funksionalli va Li-Yanga-Parra korrelyasiya
funksionalli (RB3LYP) va 6-311G(d, 2p) bazislari bilan DFT metodida amalga oshirildi. Model tizimlarni yaratish va vizualizatsiyalash magsadida
Avogadro, GausView dasturlaridan foydanildi. BNOKS-S,S-3,6 reagenti va uning Ni?* ioni bilan hosil gilgan kompleks birikmaning 1Q
spektroskopiyasi yordamida o‘rganildi.

Kalit so‘zlar: nikel, BNOKS-S,S-3,6, HOMO, LUMO, ESP, IQ spektroskopiyasi.

HCCJETOBAHUE PEATEHTA BHOKC-C,C-3,6 1 ETO KOMILUIEKCHBIX COEJJMHEHUA C AOHOM Ni?
AHHOTaIUA

Dusnko-xumudeckue mapamerpst peareara BHOKC-C,C-3,6 (7-6pom-2-Hutpo3o-1-okcunadrannn-3,6-1ucynbpOKHCIOTH) ObUIH HCCIIEI0BaHbI
METO/IOM KBaHTOBO-XHMHYECKOrO aHAIM3a C HCIONB30BaHHEM Mporpammuoro makera Gaussian 09. Pacuérer mpoBommiuck merogom DFT ¢
UCIIONB30BAHMEM TpPEXMApaMeTpUIecKOro TrubpuaHoro ¢yHkumoHana obmeHa beke u koppemsiuonHoro ¢ynkimonansa Jlu-Sura-Ilappa
(RB3LYP) ¢ 6a3ucusiMu Habopamu 6-311G(d, 2p). [yt co3nanns U BU3yallM3allii MOZICIBHBIX CHCTEM HCIIOIb30BAINCH IporpaMMel Avogadro
u GaussView. UK-criekTpockorus ucmnonb3oBanach 1is uccienosanus pearenta BHOKC-C,S-3,6 1 ero KOMILIEKCOB ¢ HOHOM Ni?.

Karouessle cioBa: nukens, BNOKS-S,S-3,6, HOMO, LUMO, ESP, UK-crektpockomnusi.

INVESTIGATION OF THE BNOKS-S,S-3,6 REAGENT AND ITS COMPLEX FORMATION WITH Ni* ION

Annotation
The physicochemical parameters of the BNOKS-S,S-3,6 (7-bromo-2-nitroso-1-oxinephthalene-3,6-disulfonic acid) reagent were analyzed using
quantum chemical methods with the Gaussian 09 software package. Calculations were performed using the DFT method with the three-parameter
hybrid Becke exchange functional and the Lee-Yang-Parr correlation functional (RB3LYP), along with the 6-311G(d, 2p) basis sets. The Avogadro
and GaussView programs were used for system modeling and visualization. The IR spectroscopy was employed to study the BNOKS-S,S-3,6
reagent and its complexes with the Ni?* ion.
Key words: Nickel, BNOKS-S,S-3,6, HOMO, LUMO, ESP, IR Spectroscopy.

Kirish. Ma’lumki, hozirgi kimyo sohasida jadal rivojlanayotgan bir vaqtda kvant kimyosi ko‘plab hisoblashlar natijalari bilan organik
analitik reagentlarning[1,2] reaksion faolligini aniglash masalalarni yechishda yaxshi eksperemental ma’lumotlari va chuqur yondoshuvlari bilan
keng gamrovli metod hisoblanib kelinmogda[3]. Bundan tashgari, HOMO va LUMO tahlillari[4,5], Mullikenning zaryad tahlillari[6] va bir gancha
termodinamik xususiyatlar hisoblab chigish imkoniyatiga egan[7]. Bu esa reagent metall ionlari bilan ganday nisatda kimyoviy reaksiyaga kirish
imkoniyatiga ega ekanligini nazariy jihatdan aniqlashga imkonini beradi[8]. Hosil bo’lgan moddaning kimyoviy tuzilishini 1Q-spektroskopiya usuli
yordamida ham aniglash mumkin[9,10]. Bu usul modda tarkibidagi bog’larning tebranish chastotalarini o’rganishga asoslangan. Reagent va metall
hosil gilgan kompleks birikmaning tebranish chastotalari 0’zgarishlarini tahlil gilish natijasida moddaning tuzilishini aniglash mumkin. BNOKS-
S,5-3,6 reagentining kvant-kimyoviy va I1Q-spektroskoyiga usullari yordamida tahlil gilindi hamda Ni?* ioni bilan hosil gilgan kompleks
birikmasining tuzilishi taklif etildi.

BNOKS-S,S-3,6 reagentining turli fizik-kimyoviy parametrlari Gaussian 09 dasturiy paketi yordami bilan kvant kimyoviy tahlil gilindi.
Hisoblashlar uch parametrli gibridli almashinish Bekke funksionalli va Li—Yanga—Parra korrelyasiya funksionalli (RB3LYP) va 6-311G(d, 2p)
bazislari bilan DFT metodida amalga oshirildi[11]. Tanlangan ushbu metod o‘ziga nisbatan kam hisoblashlar talab gilishi bilan birga nisbatan
yugori anigligi uning avfzalligidir. Model tizimlarni yaratish va vizualizatsiyalash magsadida Avogadro, GausView dasturlaridan foydanildi.

BNOKS-S,S-3,6 reagentining reaksion gobilyatda molekula tarkibidagi atomlarning zaryad tagsimotlari juda muhim ro’l o’ynaydi, ya’ni
ular molekulaning elektrofil va nukleofil markazlarini bashorat gilishda muhim ahamyatga ega. Bu ma’lumotlarni e’tiborga olgan holda, zaryad
hisoblashning eng keng targalgan usuli — Malliken usuli bo‘yicha BNOKS-S,S-3,6 reagentining molekulasi atomlarining umumiy zaryadlari
hisoblandi(1-rasm)[12]. Hisoblash natijalari BNOKS-S,S-3,6 reagentining molekulasining kislorod atomlarida eng katta manfiy zaryadning
lokallashishini ko‘rsatadi.

b

- 402 -



0¢zMU xabarlari Becrnuxk HYY3 ACTA NUUz | KIMYO | 3/2/1 2024

d

l-rasm. BNOKS-S,S-3,6 reagentining optimizatsiyalangan  strukturasi(a), Malliken

zaryadlarining tagsimoti(b), bog* uzunliklari(c) va bog* tartiblari(d)

3-rasmda BNOKS-S,S-3,6 molekulasining to‘lqin funksiyalarini hisoblash orqali aniqlangan elektrostatik potensial (ESP) tasvirlangan.

ESP elektron zichligi bilan bog‘liq bo‘lib, kimyoviy reaksiyalarda elektrofil va nukleofil hujumlar tabiatini aniqlashga xizmat qgiladi[13,14]. Agarda
musbat zaryad molekulaga yaqinlashayotganda u musbat sohalarni chetlab o‘tib, manfiy sohalarni avfzal ko‘radi. ESP dipol momentga bog’liq
bo‘lib, u molekulaning nisbiy qutblanuvchanligini shu bilan birgalikda lokal musbat hamda lokal manfiy sohalarni vizual ko‘rsatib berishga yordam
beradi. Elektrostatik kuchlar birinchi navbatda molekulalaro uzoq ta’sirlarga (nokovalent, elektrostatik, Van-der-Vaals) javobgardir[15,16].
Ma’lumki, elektrostatik potensial sathi molekulaning elektronodonor va elektronoakseptor gismlarini aniqlash uchun ishlatiladi. Qizil, ko‘k va
yashil rangdagi MEP (molekulyar elektrostatik potensial) sxemalari mos ravishda manfiy, musbat va neytral elektrostatik potensiallardir.

3-rasm. BNOKS-S,S-3,6 molekulasining ESP

3-rasmda tasvirlangan BNOKS-S,S-3,6 molekulasi ESP qizil ranglar elektrostatik potensialning minimal giymatlariga mos keladi shu
bilan birga bu sohalar elektrofil hujumga, masalan, anionlar — kislota qoldiqlariga moyil bo‘ladi. Yashil rang esa elektrostatik potensialning
yuqoriligidan darak beradi. Bu sohalar nukleofil hujumga (metall kationlari ta’siriga) moyil bo‘ladi. Ushbu xulosalar Malliken zaryadlarining
tagsimoti borasidagi natijalarga mos keladi.

Tadqiqot davomida o‘tkazilgan kvant-kimyoviy izlanishlar natijasida BNOKS-S,S-3,6 molekulasidagi elektronodonor markaz -N=0O
orgali Ni?* bilan Me:R=1:2 nisbatdagi kompleks birikmalar hosil gilishi mumkinligi xulosa gilindi.

BNOKS-S,S-3,6 molekulasidagi O-H, N=0, CH, S=0, SO;H va C-Br funksional guruhlar xarakterli ahamiyatga ega bo‘lib, IQ-spektrida
muhim valent va defformatsion tebranishlarni namoyon etadi

BNOKS-S,S-3,6 reagenti va uning Ni?* ioni bilan hosil gilgan kompleks birikmaning tuzilishi IQ spektroskopiyasi yordamida o‘rganildi.
Spektr analizi “BRUKER” texnika vositasida olindi. Analiz uchun olingan namuna qattiq va kaliy bromid yordamida tabletka holiga keltirildi.
Analiz natijalari 400-4000 sm™ da olindi[17].
5-rasmda BNOKS-S,S-3,6 reagenti va uning Ni?* ioni bilan hosil gilgan kompleks birikmaning 1Q-spektrlari tahlil gilindi.
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5-rasm. BNOKS-S,S-3,6 reagenti va uning Ni?* ioni bilan hosil gilgan kompleks birikmasining 1Q-spektri

1-jadvaldan ko‘rinib turibdiki, BNOKS-S,S-3,6 reagentining 1Q-(BRUKER) spektrida gidroksil v(OH) guruhining kuchsiz vodorod bog’lanishga
ega valent simmetrik vs va deffarmatsion § tebranishlari chastotalari yo’qolganligi hamda O-Ni bog’iga tegishli yangi cho’qqi hosil bo’lganligi
kuzatildi. Shu bilan birgalikda, (N=0) guruhining valent tebranish chastotasiga tegishli bo’lgan cho’qqilarning jiljish natilaridan shunday xulosa
gilish mumkinki,

1-jadval

BNOKS-S,S-3,6 va uning Ni?* ioni bilan hosil gilgan kompleks birikmalarining 1Q-(BRUKER)spektrlaridagi yutilish chastotalari
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Ni2* ioni BNOKS-S,S-3,6 reagentining gidroksil v(OH) guruhidagi vodorod atomi bilan almashinish hisobiga oddiy bog’ va nitrozo (N=0)
guruhi bilan donor-akseptor bog’lanish hosil gilib Ni:R=1:2 nishatdagi kompleks birikmalar hosil gilishi mumkinligi xulosa gilindi hamda tuzulish
formulasi taklif etildi.
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Xulosa. Tadgigot davomida olib borilgan kvant-kimyoviy hisoblashlar va 1Q spektroskopiya tahlil natijalariga asosan Ni?* ionining

BNOKS-S,S-3,6 reagenti bilan hosil gilgan kompleks birikmada Ni:R=1:2 nisbatdagi kompleks birikmalar hosil qilishi o’rganildi shu bilan
birgalikda tuzulish formulasi taklif etildi.
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COPBIIUOHHO-CIIEKTPO®OTOMETPUYECKOE OINIPEJEJIEHUE HOHOB PTYTHU
AHHOTaIUsS
C nenbio pa3paboTKu METO0B TBEPAO(a3HOTO CHEKTPOHOTOMETPHIECKOTrO OIPE/ICICHHS HOHOB PTYTH B HCKYCCTBEHHBIX CMECSX, aHAJIOTHYHBIX
NPUPOIHBIM 00bEKTaM, ObLIIM W3y4EHbl ONTHMAIILHBIE YCIOBHS KOMIUIEKCOOOpa30BaHUs MOHOB PTYTH ¢ KajuoHoM VIPEA, nMMOOMIIM30BaHHBIM
Ha BosiokHe CMA-1. Kagnon MPEA, nmMoOuin3oBanHsbii Ha copoenTe CMA-1, ero mosy4eHHble KOMIUIEKCH CO PTYThIO IPOAHATN3HPOBAHBI
METOJIaMH OTPAXKATEIbHOU 1 a0COPOLIMOHHON CIIEKTPOCKOIHH.
KuroueBbie ci10Ba: MMMOOMIN3ALIMS, KOMIUIEKCOOOpa30BaHUE, COPOLIMOHHAS CIIEKTPOCKOIUS, PTYTh.

SORPTION-SPECTROPHOTOMETRIC DETERMINATION OF MERCURY IONS
Annotation
In order to develop methods for solid-state spectrophotometric determination of mercury ion in artificial mixtures similar to natural objects, the
optimal conditions for complex formation of mercury ion with caBion IREA immobilized on SMA-1 fiber were studied. The casion IREA
immobilized on the SMA-1 sorbent and the resulting complex compounds were analyzed by reflection and absorption spectroscopic analysis.
Key words: immobilization, complex formation, sorption spectroscopy, mercury

SIMOB IONINI SORBSION-SPEKTROFOTOMETRIK ANIQLASH
Annotatsiya
Tabiiy ob’ektlarga o‘xshash sun’iy aralashmalarda simobni ionini qattiq holatdagi spektrofotometrik aniqlash usullarini ishlab chigish uchun simob
ionini SMA-1 tolasiga immobillangan kadion IREA bilan kompleks hosil bo‘lishining optimal sharoitlari o‘rganildi. SMA-1 sorbentiga
immobillangan kadion IREA va hosil bo‘lgan kompleks birikmalar nur qaytarish va nur yutish spektroskopik tahlillari amalga oshirildi.
Kalit so‘zlar: immobilizatsiya, kompleks hosil bo‘lish, sorbsion-spektroskopiya, simob, kadion IREA.

Beenenne. 113 Bcex 21eMEHTOB, IPUCYTCTBYIONINX B COBPEMEHHOH XHMHU, PTYTh HCIIOIb3yeTCsl O4EHb MIUPOKO, TaK KaK SBIISIETCS OHIM
U3 CaMBbIX TOKCUYHBIX BemiecTB. HeoOX0IMMOCTh OBICTPOro U TOUHOTO ONPEeNeHHUs PTYTH 00YCIIOBJICHA TeM, YTO OHA IPOSIBISIET OUSHb CUIBHYIO
TOKCHYHOCTB. PTyTh OOBIYHO COEPIKUTCS B OKPYIXKAIOIEH cpefie, OHa 6oJiee TOKCHYHA, YeM JPyTrue MeTaJlIbl, U 001aaeT BBICOKOH CIIOCOOHOCTBIO
K OMOaKKyMYJISIIIAH M MHTPALMH B OKpYXKaIOIIel cpene. PTYTh — OTHOCHTENBHO peKHil MEeTaI 110 CpaBHEHHIO ¢ pyruMu. CpeHee colepkaHne
PTyTH B 3eMHOHI Kope cocTaBiseT okoso 0,08 mmM, HO B PyIHBIX MECTOPOXKACHHUAX KOHLEHTPAIMS PTYTH B IECATKH ThICAY pa3 OoIblIe: camast
Goratast (paxius, comepikaiias 2,5%, yxe HazbBaeTcsi camoit Hu3Koi - 0,1% pyasl. [IpucyTCTBHE PTYTHBIX PY[ B BYJIKAHMYECKHX MOPOAAX M
JaBax, YJIydOIEHHE METONOB OOHApYKEHHs DPTYTH B JIEKapcTBaX, IepopalbHOe OOHApyKeHHE PTYTH OOBIYHO BCETAa CONPOBOXKIACTCS
J00aBIeHHEM OpraHUYECKUX U HEOPTaHMIECKUX (OpM, COIeprKaIuX COSTHHEHHS PTYTH, C MIOCIESAYIOIIUM aHATU30M.

O030p JuTepaTyphbl N0 TeMe. B 4nciao 0co60 omacHbIX, TOKCHYHBIX BELIECTB, MOMAAIONINX B OKPYXKAIONIYIO CPEeLy, BXOIAT TSKENbIe
Metautsl. OXHUM U3 HanboJliee OITaCHBIX METAJUIOB SIBISIETCS PTYTh. B pe3ynbpTaTe NPHPOIHEIX OHOXMMHUYECKUX POIIECCOB B OKPYIKAIOIIYIO CPELy
noctynuio okono 1,6x10° T prytu. Oxono 0,1% 3TOro KoNMYEcTBa OCTANOCh B OKEAHAX B PACTBOPEHHOM BUJE. PTyTh 10 HACTOAIIETO BpEMEHH
HaKaIIMBaeTcsl B aTMocdepe B pe3ynbTaTe BHIBETPHBAHUS 3eMHOH KOpHL KommdecTBO pTyTH, HOCTYNHUBIIEE B OKPYXKAIOIIyIO cpemy B XX
CTOJISTUM B PE3YJIbTATE YEIOBEUYECKOM AEATENbHOCTH, MOYTH B 10 pa3 mpeBblIaeT pacyeTHOE NMPUPOIHOE MocTyruieHue [1-4]. buonornueckas
AKTHBHOCTb XUMUYECKHX BELIECTB 3aBHCHUT OT ()OPMBI MX HAXOXKJCHHS B HCCIEAYeMBIX 00beKTax [5-7]. Ecmu hopMbl OMOIOrHYECKH HEAKTUBHBI,
TO Bpela OHU He HaHocAT. OnpeseneHne OMOJIOTUYECKH aKTHBHBIX (DOPM TOKCHKAHTOB HE oOecredrBaercsi (PU3MKO-XMMHUYECKHMMH METOJAMU
aHaIM3a.

O0001IeHHBIM TTOKa3aTeneM 3(P(PEKTHBHOCTH ACHCTBHS HMCCIIENYyEeMOro BEIIECTBA HA WHIMKATOPHBIN OPTraHW3M SIBJISETCS WM €ro
BBDKUBAHHUE, WIH JTeTaNbHbIN Hexo[8-9]. KonmuecTBeHHOE ompeieieHre BO3MOXKHO, €CIIH yCTaHOBIEHA CBA3b MEXKTy HHTEHCHBHOCTHIO OTBETHOTO
CHTHaJIa OpPTaHU3Ma U COJIep)KaHHEeM HCCIIETyeMOT0 BEIEeCTBa.

Mertonoiorusi ucciaeaoBanus. s moiaydeHus pesyibTaToOB ONPEACNSIOT HOHbI pTyTH 1o kamuoH IREA, copOupoBanHOMY B
cnenuaibHblil copoeHT SMA-1. [IpuMenseTcs psa aHATMTHYECKHUX TOIX0/I0B, TAKUX KaK U3MEPEHHE KOHLIEHTPAIIMU OOHAPYKEHHOTO HOHA PTYTH
CIEKTPO(POTOMETPUIECKAM METOIOM, a TaKXKe CTATUCTHYEcKash 00paboTKa MOJIyYeHHBIX JaHHBIX. OCHOBHOE BHUMAaHHE YIEIICTCS M3yYECHUIO
COpOLHOHHBIX cBOWCTB KagnoHa MPEA, a Takke ero BIMSHMS Ha HOHBI PTYTH JUIS NOCIEAYIOIIETO aHAIN3a COACPIKAHUS PTYTH B Pa3sIMYHBIX
obpasiax.

K gmcity sKCIepiMEeHTANBHBIX HCCICIO0BAHUI OTHOCSTCS:

« [IpurotroBneHue CTaHIAPTHOTO PAaCTBOPa OPraHMYECKOro peareHra kaauoHa IREA.

» AxruBaius copoenra SMA-1 B 0,1H pacreope HCI

MMMoOnm3anys myteM 100aBlIeHNs CTaHAAPTHOTO pacTBopa kaanoHa IREA k akTHBHPOBaHHOMY COPOEHTY.

Haxosxnenue onTUMaIbHBIX yCIOBHI MONTyYIeHUs KOMIIIEKCa ¢ HMMOOMIN30BaHHEIM KaguoHoM IREA u noHoM pryTH.

Tomy4enne xommekca ¢ moHoM pTyTH (1I) nMMoOMITH30BaHHBIM peareHToM KaauoH IREA
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MeTtoab! OOHApY:KeHHSI HOHOB PTYTH: MBI HpoOBeNM HCCICAOBAaHHE CTAOMIBHOCTH KOMIUICKCA PTYTH C KaJHOHOM B TEUCHHE
ompezielIeHHOro neproia BpeMenu. [1oaTromMy ¢ MHTepBanoM Kaxsle 10 MUHYT NPOBOAMICS aHAIU3 CIIEKTPa MOMIIONIEHUsS PacTBOpa PTYTHOTO
KOMILIEKCA, IPUTOTOBIEHHOTO ¢ KaJuoHOM. OnTHyeckas IIOTHOCTh UCCIEayeMoro pactsopa (4x10° M) coxpaHsieTcs HEMPEpLIBHO B TEYEHUE
gaca. ITOro BpeMEHH JOCTATOYHO JUIS IPOBEICHHS dKcIiepuMenTa. OnTrdeckast INIOTHOCTB [IBETHOTO KOMILIEKCa, IOMHMO JTHHEI BOJHBI, 3aBUCUT
OT Ipyrux (GpakTopoB, B nepByko ouepenb ot pH. UToOsl yuecTs 9TOT GakTop, ObUIO MPOBEICHO HCCACA0BaHNe BIUSHUS pacTBopa Ha pH kpuBoii
moryonieHus cBera. [1pu ananu3se BimsiHuS pH Ha THI cHIeKTpa HOTIIOMEHNS M COCTOSIHAE MaKCHMAaIbHON ONTHYECKON IIIOTHOCTH ONTHMAJbHBII
pH=5

A

n

06

] | ] —=
0 1 2 3 4 5 6 7 pH

Puc 1. I'padux 3aBHCHMOCTH ONTHYECKOH IIIOTHOCTH KOMIUIEKca PTYTH oT PH cpexbl

Cnocob mosryuyeHHs: HMMOOUIH30BAHHBIX peareHToB: BeuN OmpoOOBaHEI HECKONBKO BOJIOKHHUCTBIX IIOJMMEPHBIX COPOCHTOB, H U3
OTOOpaHHBIX BOJIOKHHCTHIX COpOEHTOB cHadana 0,2 T BOJOKHHCTOrO HocHTeNs M3Mepsiid ¢ TouHocThio 0,0001 r Ha aHaNIUTHYECKHX Becax U
HOMEIAIH B CTAKaH, B KOTOpbIi noMemanu 20 cm® 0,1 M pacTBOpa CONAHOM KMCIOTH B TeueHue 24 uacoB. CopOenTsl, akTusupoBanusie B HCI,
TIPOMBIBAIN OUIMCTHIINPOBAHHON BOOHM 3 pasa 10 HEHTpalbHBIX ycioBuil. s moiydeHuss tMMoOmIn3oBaHHoro copbenrta B 0,2 T copOenra,
u3BnedeHHoro u aktuBupoBanHoro HCI, BmuBanmum 20 mu 0,001 M smtpoBoro pacrBopa. ONTHYECKHME IUIOTHOCTH PacTBOpa 10 M MOCIHE
uMMobuTH3auu u3Mepsuin Ha crektpodoromerpe EMC-30pc-UV-1800 mpu A=413 Hwm, ¢ mOMONIpI0 KOTOPOrO OHPEIEISUTH KOJIHYECTBO
HMMMOOUIIN30BaHHOTO PEareHTa.

SOzNa

Puc. 1. Cmpykmypnas ¢popmyna kaouona IREA
Omnpenesienue 00,1aCTH MAKCHMAJIbHOTO MOIJIOIIEHHsI CBeTa peareHTaMH.
ITosryyeHnnslie pe3yabTaThl M UX o0cy:xkaeHue. Ilopsinoxk mpoBeaeHust IxkcnepumenTta. 0,2 r© BOJIOKHA IMOMEIIAIM B CTaHIAAPTHBIN
pactBop 0,001 M opraHHYEeCKOro peareHTa 1 H3MEepsUIN ONTHYECKHE INIOTHOCTH PACTBOPOB 10 CPABHEHUIO C aHAJIOTMYHBIM PAaCTBOPOM JI0 U IIOCIIE
ummoOmm3anuy. [TomydeHHble pe3ysbTaThl IPECTaBIeHa HA PUCYHKE 2

Puc. 2. Cnexmput noenowjenus céema peazenma (1) 0o u nocie ummooburuzayuu (2)
Kak MBI MOXeM BUIETh Ha PUCYHKE 2, caMasi BBICOKAs Pa3HULIA MEKIY ONTHYECKUMH IIOTHOCTAMH HaOJII01a)1ach TIPH JUTMHE BOJIHBI 413
HM st KajguoHa IREA.

= = = T
thvchangtx

Puc. 3. Cnexmpul noenowenus kaouona \REA (1) u e2o komnaexca ¢ uonamu pmymu (2).
Tort dakT, uTo KOMILIEKC, 06pasoBanHsIi kaguonoMm IREA ¢ Monom Hg?', uMeeT HanGONbIIYIO ATMHY BOJNHBI MOTJIOMIEHHS cBeTa pH 475
HM, a Takxke Ooiee BBICOKMH KOHTpacT (A=62 HM) MEXAy HHM M pEarecHTOM KaJWOHA, CBHUIETEIBCTBYET O OOJNbIICH CTaOMIBHOCTH
00pa30BaBIIErocsi KOMIUIEKCHOTO COCIMHEHUS U O TOM, YTO HCIIONB30BaHHE MMEHHO ITOrO pearcHTa Npu OOHApY)KCHHH HOHA PTYTH JAeT
3(hGEKTUBHBIN pE3yNbTAT.

07

06

SMA-1 —1
SMAR——)

SMA 1+R+Hg—3

o Anm
380 430 480 530 580 830 680 730

4-puc. Cnexmpuvr ompaoicenus cgema kaouona IREA, ummobunuzoeannozo 6 6010kno SMA-1, u e2o komniexca, 06pazo8anno2o uoHoOM pmymu
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SMA-1 —1
»* SMA*R —2

SMA-L+R+Hg =2

o Jnm
ss0 430 480 530 80 630 680 730

Puc.5. ¢pynryus Kyberxu Mynka 0ns ummobunuzoeannozo na onokne SMA-1 xaouon IREA u e2o komniexca ¢ uonamu pnymu

Kak BUIHO U3 pe3ynbTaToB aHANN3a, KAAWOH ObUT ONPEAENeH Kak JydIuid copOeHT-HocuTens copbenta SMA-1 s kannona IREA. B
HOCIIEAYIOIUX PaboTax UCIIONB30BATIOCh BOIOKHO SMA-1. MakcumyMsl cBeTooTpaxkeHHs (R), momydeHHble U MMMOOWIH3AUH peareHTa B
copberra SMA-1, oTHOCHTENBHO BBICOKH. B KauecTBe copOeHTa It JATbHEHIINX UCClieoBaHuil ObLT BhIOpan SMA-1.

MOXHO 3aMETHTb, YTO PE3yJIbTaThl ObUIM OJMHAKOBBIMU HPH CPABHEHHU CIICKTPOB IOIVIOIICHUS CBETa OPraHMYECKMMU PEarcHTaMH B
pacTBOpE M OTPa)KEHUS CBETa, H3MEPEHHBIX I10CJIe IMMOOIIN3aUH B TBEPAOBOIOKHICTOTO COPOEHTa.

Mertopn ucciieoBanus: [ HOCTPOEHNs IpalyMpOBOYHON 3aBUCHMOCTH FOTOBUIIH CEPHIO PACTBOPOB COJIM PTYTH € KOHIIEHTPALUSIMH OT
5x107 M no 7,5x10°M. B xon6y Ha 25 M1 momeman 6 M pacTsopa coiu, 4,55 M1 u30nmponuaosoro cnupta, 1,5 mi 0,1% pacTBopa kajauoHa u
12 M gucTupoBaHHOH Boabl. [TepememuBany 1 GOTOMETPHPOBAIN IIPH ATUHE BOJIHBL 515 HM.

CHexTpajbHble XapaKTePHCTHKH 00HAPY:KeHUS] HOHOB PTYTH

( f =1,0 em, Cyg*?= 60 MKkr)

St B YyBCBHTEJILHOCTH o
IBeT KOMIIEKCA pH A, HR oM A, MeR AL Chg?* MKT e A Cenpeinio,
MOJIB/J 2
MKI/CM!
K =
pacHb 50 | 413 475 62 60 5x107 1,34 0,0018

TMokasatesb 4yBCTBUTENLHOCTH 10 CeHIENto Pa3paboTaHHOTO METOIa MKI/CM? MOTJIONIeH s cBeTa B eaunuiax 0,001 paccunTbiBasics mo

dbopmyue:
60-1,0-0,001 )
S.b.s W = 0,0018mkr/cM

VCTaHOBJIEHO, UTO YyBCTBHTENBHOCTH o Cenneno pasHa 0,0018 Mkr/cM?.

Kak BuOHO ©3 pe3ynbTaToB MPHBENCHHOTO BBIIIC aHANN3a, PEAKIHs MMEeT OOJNBLIYI0O KOHTPACTHOCTH (A = 106 HM) U XOpOIIyIO
YyYBCTBUTEILHOCTS (S.b.s=0,0018 Mkr/cm?).

BriBoas! u npeioxkenust. CopOLMOHHO-CIIEKTPOYOTOMETPHIECKHE METOJbI OOHAPYKEHHSI HOHOB PTYTH SIBISTIOTCS OHUM U3 Hanbolee
HEPCNEKTUBHBIX HAIPABICHUIl Pa3BUTHs COBPEMCHHOH aHanuTH4YecKoil xuMuM. CoueTaHHMe S3THX JBYX AHAIMTHYCCKUX METOJOB IO3BOJSCT
JIOOUTBCS BHICOKOH YyBCTBUTEIBHOCTH U CENICKTHBHOCTH aHAJIN3a, YTO OYCHb BAXKHO IIPH ONPEACICHUN KOHIEHTPALIMK TOKCUYHBIX HOHOB PTYTH
B OKpYJKaIOIel cpezie MM OMOJIOrHYecKHuX MaTpHIax. B xone ucciieoBanus ObUN H3y4eHbl HanOoJiee pacpoCcTpaHeHHbBIE METObI OOHAPYKEHHS
HOHOB PTYTH, PA3JIMYHBIX THIIOB CYOCTPAaTOB M MOTEHIMAIBLHOIO MCIoiab30BaHus kanuoHa IREA B mpoueaypax ananusza prytu. [IpumeHenue
kaguoHa IREA copOInoHHO-CIIeKTPOYOTOMETPUUECKIM METOJOM OTKDPHIBACT HOBBIC HAIPABICHHS AHAIMTUYECKOW XMMHH. DTOT mapamerp
TI03BOJISIET TOTOBUT JOTOJIHATENIBHBIE CIIOJKHBIE IIPOOBI M pa3pabaThiBaTh aHATUTHIECKHE METOBI, He TPEOYIOIHNe CIEeHaIbHOT0 000pyI0BaHH,
YTO JieaeT UX JOCTYIHBIMH Ul OOJBIIHHCTBA COBPEMEHHBIX JIAOOpaTOpUi N yIpeKIeHUH, 0COOSHHO JUIi MOHUTOPHHIA OKPYKaIOIIeH Cpelbl,
HPOBEPKH KaueCTBA BOJbI ¥ BO3yXa, IPOMBIILICHHOTO X OMOJIOTHYECKOro aHaIIN3a.
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SORPTION-SPECTROPHOTOMETRIC DETERMINATION OF CADMIUM (11) ION USING DISODIUM SALT OF CADION IREA
Annotation

In this work, the analytical properties of immobilized cation ERIA in the silk fibroin matrix were studied using spectroscopic and spectrometric

methods for the determination of Cd (lI) ion by sorption-spectrophotometric methods. Optimal conditions for complex formation and

immobilization processes were selected. Based on cation ERIA immobilized on silk fibroin matrix, a lower detection limit with high accuracy

parameters, low detection limit, reproducible results, simple and fast method was developed for the determination of Cd (I1) ion.

Key words: Cadion ERIA, cadmium (l1) ion, silk fibroin, absorption spectroscopy, immobilization, buffer solution, molar absorption coefficient.

COPBIIUOHHO-CIIEKTPO®OTOMETPUYECKOE OIIPEJEJIEHUE NOHA KAJIMUSI (1II) C UCIIOJIb30BAHUEM
JUHATPHUEBOWM COJIN KAJIMUS UPEA
AHHOTaIUsS

B nanHol pabore aHanuTHYeCKHE CBOICTBA MMMOOWIM30BAaHHOrO KatuoHa OPHA B marpuie GpuOporHa 1IeiaKa U3y4deHbl C UCIIOJIb30BAHUEM
CNIEKTPOCKOINUYECKUX M CHEKTpOMETpuueckux wmeronos ompenernenus wona Cd (1) copOUMOHHO-CIEKTPOPOTOMETPHUECKUMHE METOIAMH.
TlomoOpaHB!l ONTHUMaNbHBIE YCIOBUS JUIl IIPOLECCOB KOMIUIEKCOOOpa3oBaHWs ¥ uMMoOwmm3anmyu. Ha ocHoBe karmona OPHA,
UMMOOHMIM30BaHHOTO Ha Matpulie GuOponHa mesnka, paspadoTaH HIKHUI Mpeaes 0OHApYKeHUs C BBICOKHMMH TTOKa3aTesIMU TOYHOCTH, HU3KUI
npejien 00HapyKEeHHUs!, BOCIIPOU3BOIMMbIE PE3YIILTATHI, IPOCTON U ObICTPHIN MeTo1 onpeaenenus uona Cd (11).

KaroueBsie cioBa: Kagnon DPUA, non xagmus (II), ¢pubponH menka, abcopOIMOHHAsT CIIEKTPOCKOIHS, HIMMOOMIIH3aIs, OydepHbIii pacTBop,
MOJIPHBIN KO3((GUIUEHT MOTTIOMICHHS.

KADMIY (11) IONINI KADION IREA YORDAMIDA SORBSION-SPEKTROFOTOMETRIK ANIQLASH
Annotatsiya
Ushbu ishda Cd (1) ionini sorbsion-spektrofotometrik usullar bilan aniglashda immobillangan kadion ERIA ning ipak fibroin matritsasidagi analitik
xususiyatlari spektroskopik va spektrometrik usullar yordamida o‘rganildi. Kompleks hosil bo‘lishi va immobillanish jarayonlari uchun optimal
sharoit tanlangan. Cd (I1) ionini aniglash uchun ipak fibroin matritsasiga immobillangan kadion ERIA asosida yuqori aniqlikdagi parametrlari
bo‘lgan quyi aniqlash chegarasi kichik, natijalar qayta takrorlanuvchan, sodda va tezkor usul ishlab chiqilgan.
Kalit so‘zlar: Kadion ERIA, kadmiy (I1) ioni, ipak fibroin, sorbsion-spektroskopiya, immobillash, bufer eritma, molyar yutilish koeffitsientini.

Kirish. Sanoat va texnalogiyaning rivojlanishi bilan birga ulardan chigayotgan chigindilar migdori ham kundan-kunga oshib bormoqgda.
Chigqindilar tarkibidagi og‘ir va zaharli metallarning atrof muhit obyektlari tarkibida ruxsat etilgan migdoridan oshishi, har xil salbiy ogibatlarga
olib kelmoqda shu o‘rinda kadmiyning miqdorini nazorat qilish muhim ahamiyat kasb etadi. Kadmiy birikmalari yer usti suvlariga miskolchedan
rudalarini eritib ajratib olish natijasida ekzogen va miniral jinslar, tuproq, o‘simlik va organizmlarning chirishi natijasida kelib tushadi. Amaldagi
mavjud usullar yuqori samarali emasligi, ko‘p mehnat talab qgiladigan va qimmat hisoblanadi. Ushbu tadqiqot yangi, ekologik toza, yuqori samarali,
tanlab ta’sir etuvchan, tejamkor va tezkor analitik usulni tagdim etadi.

Mavzuga oid adabiyotlar tahlili. Kadmiy juda zaharli metalldir. U atom energetikasi, elektronika va radiotexnika, akkumulyatorlar,
qotishmalar, bo‘yoqlar, o‘g‘itlar ishlab chiqarishda qo‘llaniladi. Kadmiy sulfat qon ivishini aniqlash uchun ishlatiladi. Gonodotrop, mutagen,
kanserogen va empriotrik xususiyatlari tufayli gomeopatik dori vositalarini ishlab chigarish uchun ham ishlatiladi. Aholida kadmiy bilan surunkali
zaharlanish holatlari qayd etilgan [1]. Kadmiy birikmalari zaharli tasirga ega bo‘lganligi uchun ham tibbiyotda keyingi vaqtlarda keng
qo‘llanilmaydi. Lekin shunga garamasdan kadmiy va uning hosilalari xalq xojaligining boshqa tarmoqlarida ishlatiladi [2]. Haddan tashqari ko‘p
miqdordagi kadmiy jigar, talog, miya faoliyatiga toksik ta’sir ko‘rsatadi, turli yallig'lanish jarayonlarini kuchaytiradi va kalsiy yetishmovchiligiga
olib keladi [3]. Organizm kadmiy bilan zaharlanganda qonli ich ketishi, jigar va yurakda yod moddalarning to‘planishi, aynigsa buyrakning
yallig‘lanishi kabi o‘zgarishlar sodir bo‘ladi [4]. Toksikalogik kimyoda kadmiyni tahlil gilingan uning birikmalari organizmga keng targalgan
mikroelement ekanligini nazarda tutish lozim. T.M.Moiseevning yozishicha 100 g odam buyragida 0,026-2,09 mg gacha kadmiy elementi bo‘lishi
mumkin, bu tabiiy migdordir. Shuning uchun sud kimyosida kadmiy tahlil gilinayotganda albatta migdorini aniglash kerak. 400 mg/m®CdO changi
20-30 min davomida 2 soat 20 minutgacha nafas olish yengil zaharlanish bilan yuzaga chiqib bir haftadan so‘ng o‘lim bilan yakunlanadi.
Zaharlanishning dastlabki belgisi bu emfizimatoz, Bronx kasalligi belgisining kuzatilishidir [5]. Kadmiyni aniglash ushbu metall ionining
toksikligini aniglashni talab giladi, chunki u turli xil ekologik, biologik va ozig-ovgat namunalarida tez-tez uchragan. Atom-spektrofotometrik
detektorlarida ham ozig-ovqat tarkibidagi kadmiyning past konsentratsiyalarini aniglash giyin. Oldindan kontsentrlangan kadmiyni ajratish
jarayonlari ishlab chigilgan bo‘lib, ulardan eng keng targalgani sorbentni ajratish va konsentratsiyalash usuli hisoblanadi [6]. 1990 yildan buyon
kadmiyni tezkor aniqlash uchun sorbsiya qog'ozlari hagida umumiy ma’lumot berilgan. Olingan natijalar boshqa usullar yordamida tekshirilgan va
natijalar solishtirilgan [7]. Kadmiy ionlarini aniglashning fotometrik va elektrokimyoviy usullari ma’lum bo‘lib, ularning kamchiligi sezuvchanlik
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va selektivlikning pastligidir. Shu munosabat bilan, turli obyektlardagi kadmiy migdorini tahliliy monitoring gilish dolzarbdir, chunki kadmiy eng
zaharli va xavfli bo‘lgan atrof-muhitni ifloslantiruvchi moddalardan biridir [8].

Bunday og‘ir va zaharli metall ionlarini aniqlashda spektrofotometrik tahlil usullaridan juda keng foydalanilgan. Kadmiyni aniglashda
turli fotometrik reaksiyalarni amalga oshirishda 2-karboksi-2'-gidroksi-5'-sulfoformazil-benzol (Sinkon) va 4- (2-Piridylazo) rezorsin (PAR) [9],
2-xlorbenzaldegid tiokarbogidrazon [10], 2-(2-xinolinlazo)-4-metil-1,3-dihidroksidobenzoldan [11] analitik reagentlar sifatida foydalanilgan holda
seliktiv usullar ishlab chigilgan.

Tadgigot metodologiyasi. Kadmiyni aniglash usuli: Kadmiyning standart eritmasi. 1-102 M kadmiyning standart eritmasini tayyorlash
uchun, Cd(NOs),4H,0 (a.u.t) (DST 4459-75) markali tuzidan (0,025 g) analitik tarozida tortib olinib, 1 1 o‘lchov kolbasiga o‘tkazilib,
bidistillangan suv bilan kolba belgisigacha yetkazildi, 0,01 M li kadmiy (I1) ni eritmasi tayyorlandi.

Reaktivlar: Bu ishda kadion ERIA yordamida kadmiy (II) ionini sorbsion-spektrofotometrik usulda aniglangan. Analitik reagentlarning
standart eritmasi. 4-n-sulfofinilazo-2sulfo-4—nitrodiazominobenzol kislotaning ikki natriyli tuzi (kadion ERIA) C1gH1,05NgS,;Naz, MM 550,46 sariq
kristall, suvda eruvchan, Geetapharma (Rassiya) PIl OOO “GEETA PHARMA” AG kompaniyasidan sotib olingan (RU 1307-55). Kadion ERIA
eritmasini tayyorlash uchun 0,025 g reagent tortib olinib 100 ml kolbaga solindi va belgisigacha bidistillangan suv qo‘shildi. Ushbu eritma analitik
reagent sifatida ishlatilgan.

Ishlatilgan usullar va jihozlar: Eritmaning pH darajasi Bante 210 benchtop pH/mV meter ionometri yordamida o‘Ichandi. Eritmalarning
tashuvchiga sorbsiyadan oldin va keyin optik zichligi “EMC-30PC-UV spectrophotometer” spektrofotometrida o‘lchandi. Ushbu qurilmalar
kompleksning optimal sharoitini tanlash, eritma muhitini, ta’sir qilish vaqtini, optik zichlikni va yorug‘lik yutilish to‘lqin uzunligini aniqlash uchun
nur qaytarish spektri “X-Rite” eye-one-pro mini-spektrophotometer” spektrofotometri ishlatilgan.

Immobillash metodikasi: tashuvchi sorbent sifatida ipak fibroin tolasi tanlab olindi va undan 50 ml lik o‘Ichov stakanga 0,2000 g solindi
va 10 ml 0,025 % li kadion ERIA reagent eritmasidan solib 20 dagiga saglandi. Ushbu amaliyotdan keyin sorbent distillangan suv bilan yuvildi va
sorbentga xemosorbilangan reagent migdori o‘Ichandi.

Tahlil va natijalar. Bir nechta tolasimon polimer sorbentlar sinab ko‘rildi va ipak fibroin tanlab olindi hamda uning statik, dinamik
almashinish sig‘imlari o‘lchandi (SAS mg-ekv/g). Undan keyingi ishlarda gattiq tolasimon tashuvchilar sifatida foydalanildi. Immobillash
magsadida 0,200 g tashuvchini 0,025 % li 20 ml kadion ERIA eritmasiga tushurildi, so‘ngra immobillashdan avval va keyingi eritma molekulyar
obsarbsion-spektroskopik usulda tahlil gilindi. Olingan natijalar 1-rasmda keltirildi.

2

1-rasm. Reagentning
immobillashdan  avval va
keyingi eritmaning nur yutish
spektrlari

300 400 6(C

Wavz(l)eongth(nm)

Rasmdan ko‘rishimiz mumkin, optik zichliklari orasidagi farq katta va bu to‘lqin uzunligi kadion ERIA uchun 410 nmda kuzatildi. Demak
kadion ERIA reagenti ipak fibroin bilan immobillangan degan xulosani beradi. Keyingi ishlarda ipak fibroin tolasidan tashuvchi sorbent sifatida
foydalanildi.

Aniglash uslubi. 25 ml li o‘lchov kolbalariga 0,025% 1i 2,0 ml kadion ERIA eritmasi, 5,0 ml (pH=9,4) bo‘lgan Na-tetraboratli bufer
eritma, 60 mkg/ml li Cd (II) eritmasidan 1 ml, kolbaning belgisigacha distillangan suv bilan suyultirilib aralashtirildi. Hosil bo‘lgan kompleks
birikmaning yutilish spektri tagqoslash eritmaga nisbatan qatlam qalinligi I=1,0 sm standart bo‘lgan kvars kyuvetada spektrofotometr “UV-1800"
da o‘Ichandi. Ushbu keltirilgan yutilish spektrlari bo‘yicha kadion ERIA reagenti kadmiy (I1) bilan kompleksining maksimal optik zichlik giymati
nur yutish sohasining Agomp=530 nm da joylashgan, kadion ERIA ning maksimal optik zichligi nur yutish sohasining pastroq to‘lqin uzunligida
ya’ni Ag=410 nm da kuzatildi (AA=120 nm). Hosil bo‘lgan kompleks birikmaning yuqori optik zichligi qiymatidan foydalanib g, molyar so‘ndirish
koeffitsientini (¢) quyidagi formula orqali aniqlandi:

a=A/Ce [ =2,2%10°
Kompleks birikma va reagentning spektral tavsifi 2- rasmda keltirilgan.

o5 =

2-rasm. Kadion ERIA va kadmiy (I1) ioni bilan kompleksining (MeR) spektrlari.
Qattiq fazada kompleks hosil gilishini o‘rganish magsadida immobillangan kadion ERIA reagenti kadmiy (II) ioni eritmasiga tushirildi va
hosil bo‘lgan kompleks birikma nur qaytarish spektrofotometrik usulida analiz gilindi.
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3-rasm. Ipak fibroin tolasi, immobillangan kadion ERIA va kadmiy (11) ioni hosil gilgan kompleksining nur gaytarish spektrlari
Nur gaytarish spektrafotometrik tahlil natijalarida immobillangan kadion ERIA reagenti 410 nm hosil bo‘lgan kompleks esa 530 nm da
nur qaytarish spektrlarini hosil qilishini ko‘rishimiz mumkin. Olingan tahlil natijalaridan xulosa gilamizki nur yutish va nur gaytarish spektrlarining
to‘liq bir-biriga mos tushishi olingan natijalarni ishonchliligini taminlaydi.
1-jadval

Kadmiy (I1) ionini kadion ERIA bilan hosil gilgan kompleksining spektral tasnifi ( g =1,0 sm, Cc¢4?*= 60 mkg)

Kompleks rangi pH A, HR nm A, MeR AL £ Sendel zbo‘ylcha sezgirlik,
mkg/sm
Qizil 9,4 410 530 120 2,2*10* | 0,00282

Ishlab chigilgan usulning Sendel bo‘yicha sezgirlik ko‘rsatkichi mkg/sm? 0,001 birlikda nur yutilishi quyidagi formula yordamida
hisoblandi:
s.b.s.= L0 h0282mig/sm?
.b.s.= 08525 _© mkg/sm
Sendel bo‘yicha sezgirligi 0,00282 mkg/sm? ga tengligi aniglandi.
Yuqorida keltirilgan tahlil natijalardan ko‘rinib turibdiki, reaksiya katta kontrastlikka (A = 140 nm) va yaxshi sezgirlikka (S.b.s. =0,00282 mkg/sm?)
ega ekan.

Xulosa va takliflar. Ushbu tadgiqot ishida Cd (1) ionini aniglashda ipak fibroin matritsasiga immobillangan kadion ERIA analitik
xossalari turli spektroskopik usullar bilan o‘rganildi va o‘zaro taqqoslandi. Cd (II) ionini aniqlash uchun ipak fibroin matritsasiga immobillangan
kadion ERIA reagenti bilan kompleks hosil gilishining optimal sharoitlari topildi, shuningdek analitik signallar reagent hamda kompleksniki mos
ravishda 410 va 530 nm da berdi.

Ipak fibroin matritsasiga immobillangan kadion ERIA eritmasiga garaganda Cd (I1) ionini aniglashda intensivroq ekanligi tasdiglandi.
Ishlab chiqilgan usul va tavsiya etilgan analitik reagent Cd (II) ionini real obektlarda yo‘ldosh ionlarni ajratmasdan aniglash uchun yuqori tanlab
tasir etuvchan, tezkor va sezgir ekanligi aniglandi.
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BIOLOGICAL ACTIVITY OF QUATERNARY AMMONIUM SALTS.
Annotation

In the synthesis of quaternary ammonium salts, tertiary amines such as pyridine, morpholine, dimethylaniline were selected, and quaternary
ammonium salts were synthesized under the influence of monochloroacetic acid esters. The synthesized quaternary ammonium salts were analyzed
using physical-chemical (IR-spectrum, PMR) methods. The biological activities of the obtained compounds were studied. As a result, the studied
compounds achieved superior results as plant growth regulators and stimulators compared to the compared compounds.

Key words: Pyridine, morpholine, quaternary ammonium salts, dimethylaniline, monochloroacetic acid esters, carboxybenzylmethyl pyridinium
chloride, N-(2,5-dimethylbenzyl) pyridinium chloride, N-butyl-N-carboxy, iso-pentyl morpholinium chloride.

M3YYEHWUE PEAKIIMH 3THJIOBOI'O YPHUPA U AMHUJIA MOHOXJIOPYKYCHOM KHCJIOTHI C TPETUYHBIMH
AMHUHAMMU
AHHOTaIUA

Ilpu cunTese coieil 4eTBEPTUYHOrO aMMOHMS ObUIM BBIOPAHBI TPETHYHbIC AMUHBI, TAKHE KaK MHUPUIUH, MOP(OINH, AUMETUIAHWUINH, a COJIH
YEeTBEPTHYHOTO aMMOHUSI CHHTE3UPOBAHBI IO BIMSTHHEM 3(DHPOB MOHOXJIOPYKCYCHOH KHCIIOTEL. CHHTE3UPOBaHHEIE YeTBEPTHIHbIE aMMOHHEBEIC
conu aHanuzupoBanu ¢pusuko-xumudeckumu (MK-cnextp, [IMP) metonamu. M3yuena 6uonoruueckas akTHBHOCTb MOJIyYEHHbBIX COSAMHEHHN. B
pe3ysbTaTe M3y4YCHHbBIC COCAMHCHMS JOCTHUINIH HPEBOCXOAHBIX PE3yJbTAaTOB B KAyeCTBE PEryJIATOPOB H CTHMYJIATOPOB POCTa PACTEHUH IO
CPaBHEHMIO C CPAaBHUBAEMBIMH COEUHECHUSIMH.

KuroueBsble ciaoBa: ITupuau, MOpdOIMH, COIM YETBEPTUYHOTO aMMOHUS, AMMETUIIAHWUIIHH, CIOXKHBIC 3(QHPbl MOHOXJIOPYKCYCHOH KHCIIOTHI,
XJIOpUA  KapOOKCHOEH3WIMETHINUPUAuHUs,  xjopux  N-(2,5-numerwiOensun)nupuannus,  N-Oyrun-N-kapOokcu, — Xjopua — H30-
TICHTHIMOP (OITHHUS.

TO‘RTLAMCHI AMMONIY TUZLARINING BIOLOGIK FAOLLIGI
Annotatsiya

To’rtlamchi ammoniy tuzlarini sintez gilishda uchlamchi ammoniy tuzlari Piridin, morfolin, dimetilanilin kabi uchlamchi aminlar tanlab olindi va
monoxlorsirka kislotasini efirlari ta’sir ettirib to’rtlamchi ammoniy tuzlari sintez qilindi. Sintez qilingan to’rtlamchi ammoniy tuzlarini fizik —
kimyoviy (1Q-spektr, PMR ) usullari yordamida tahlill gilindi. Olingan birikmalarni biologik foalliklari o’rganildi. Natijada o’rganilgan birikmalar
o’simliklarni 0’sishini boshgaruvchi va stimulyatorlar sifatida etalon sifatida tagqoslangan birikmalarga nishatan yuqori natijalarga erishildi.
Kalit so’zlar: Piridin, morfolin, to’rtlamchi ammoniy tuzlari, dimetilanilin, monoxlorsirka kislota efirlari, Karboksibenzilmetil piridiniy xlorid, N-
(2,5-dimetilbenzil) piridiniy xlorid, N-butil-N-karboksi, izo-pentil morfoliniy xlorid

Kirish. Olingan to‘rtlamchi ammoniy tuzlari Staphylococcus va Escherichia coli bakteriyalariga garshi [1.], Staphylococcus aureus
grammusbat va Pseudomonas aeruginosa grammanfiy bakteriyalariga garshi [2.] va to‘qimachilik matolarining antimikroblik xususiyatlarini
oshirish magsadida [3] qo‘llanilgan.

Rossiyalik olimlar tomonidan bitta yoki ikkita sikloatsetal guruhi tutgan to‘rtlamchi ammoniy tuzlari sintez qilingan va ularning turli
zamburug‘larga qarshi faolligi o‘rganilgan [17].

Tajriba gism: To‘rtlamchi ammoniy tuzlarining biologik faolligini o‘rganish uchun sintez qilingan birikmalarni shartli belgilar bilan
belgilandi.

Ne Moddalarning shartli
belgisi Tuzilishi
1 Karboksibenzilmetil  piridiniy
Al xlorid +  H, /0
N—C — —
\ /o ot
Cl o0—¢cC \ /
2 H,C
A-2 N-(2,5-dimetilbenzil) piridiniy
xlorid pr—
+ H,
\ /N—C
CH,
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3 N-butil-N-karboksi, izo-pentil

[e]
A-3 morfoliniy xlorid. H2 C//
/ \*_~ ¢— ~

\_/ ‘\
cl C4H9

4 N-fenil-N,N-dimetil-N- CH.

CHj3

T-2 karbaminometil xlorid 3 0
+ H, /
N—-c —c\
o | NH,
CH,
5 N-fenil-N,N-dietil-N-
T-3 karbaminometil xlorid CZHS

0
+ | H, C/

N—cCc —
AN
NH,
CyHs

6 Karboksinonilmetil  piridiniy —

T-6 xlorid + H O
\ NTCZ—C</
/e O——CqHyo

Ushbu birikmalarning biologik faolligi O‘zR FA O‘simlik moddalar kimyosi institutining organik sintez va o‘simliklarni himoya gilish
laboratoriyasi xodimlari tomonidan o‘rganildi.

To‘rtlamchi ammoniy tuzlarining o‘sishni faollashtiruvchi xossasi 0,001% - 0,0001% konsentratsiyalarda, gerbitsidligi esa 0,1%
konsentratsiyada aniglandi. Etalon sifatida o‘sishni boshqaruvchi Floroksan va Fyuzilad super va Stomp gerbitsidlari ishlatildi. Tajribalarda bir
gator talablarga javob beradigan bug‘doy doni (Tatyana navi) va bodring urug‘lari (Orzu navi) ishlatildi. Chunki bu urug‘lar birgalikda unib chigadi
va bir-biriga yaqin o‘simtalar hosil qiladi. O‘simtalar sinalayotgan moddalarga nisbatan juda sezgir bo‘lib, kimyoviy birikmalarning
solishtiriladigan konsentratsiyalarida o‘simtalarning bo‘yiga qarab aniq farqlarni kuzatish mumkin. Yetarlicha aniqlikda sinalayotgan birikmaning
fiziologik faolligi aniglanadi.

Jadval ma’lumotlaridan shunday xulosa qilish mumkin: bug‘doyda «A-1» birikmasining barcha konsentratsiyalari yuqori o‘sishni
stimullovchi faollik ko‘rsatadi. «A-1» birikmasining 0,1% konsentratsiyasida ildiz uzunligi 8,44 sm, 0,001% - 9,08 sm va 0,0001% - 9,71 sm ni
tashkil etadi. Birikmaning 0,1% konsentratsiyasida nazoratga nisbatan — 12,3%, 0,001% - 20,9% va 0,0001% - 29,2% o°sish kuzatiladi. Birikmaning
0,1% konsentratsiyasida poya o‘sishi nazoratga nisbatan 5,0 %, 0,001% da 7,2% va 0,0001% konsentratsiyada 12,5% ni tashkil etadi. Floraksan
etalonida ildiz uzunligi nazorat varinatidan 34,8% yuqori bo‘lib, poyada bu ko‘rsatgich 20,4% ni tashkil etadi.

Jadvaldan ko‘rinadiki, bodring urug‘larida (ikki pallali) quyidagi birikmalar yuqori faollik ko‘rsatgan: T-2 0,0001% konsentratsiyada; T-
6 0,0001% konsentratsiyada; A-1 barcha sinovdan zo‘tkazilgan konsentratsiyalarida va A-2 0,0001% konsentratsiyasida. T-2 qo‘llanilganida ildiz
uzunligi nazoratga nisbatan 8,17 sm (16%), poya uzunligi 4,98 sm (20,2%) ortishi kuzatilgan. A-1 birikmaning 0,0001% konsentratsiyasi ildiz
o‘sishini nazoratga nisbatan 26,1% ga, poya uzunligini esa 21,2% ga oshirgan. Etalonda bu ko‘rsatgichlar mos ravishda 30,9% - ildiz uzunligi,
35,5% — poya uzunligini tashkil etadi. T-6 birikma 0,0001% konsentratsiyada, A-1 0,1% va 0,001% konsentratsiyalarida kuchsiz o‘sishni
stimullovchi faollik namoyon gilgan.

1-jadval
Shartli T-2, T-3, T-6, A-1, A-2, A-3 tarzda belgilangan to‘rtlamchi ammoniy tuzlarining bug‘doy va bodring urug‘larida o‘sishni
faollashtirish faolligi (urug‘larning o‘sishi)

Sarflanish meyori, % Ko‘chatlar o‘Ichangan qismlarining hajmi
Tajriba varianti ildiz uzunligi, sm ‘ ‘ Poya balandligi, sm
%
Bug‘doy nihollari
Nazorat /o 7,51 6,91
Etalon Floroksan 0,00001 10,13 34,8 8,31 20,4
T-2 0,1 0 - 0 -
0,001 5,36 - 4,82 -
0,0001 7,88 4.9 6,68 -
T-3 01 0 - 0 -
0,001 6,05 - 4,97 -
0,0001 7,96 59 6,03 -
T-6 0,1 3,52 - 4,76 -
0,001 4,72 - 5,08 -
0,0001 6,51 - 5,51 -
A-1 0,1 8,44 12,3 7,26 5,0
0,001 9,08 20,9 7,41 72
0,0001 9,71 29,2 7,78 125
A-2 01 0 - 0,37 -
0,001 5,67 - 4,28 -
0,0001 74 - 6,81 -
A-3 0,1 0,44 - 1,81 -
0,001 122 - 2,2 -
0,0001 6,34 - 6,8 -
Bodring nihollari
Hasopar 6/0 7,04 4,14
Dranon Oropokcan 0,00001 9,22 30,9 5,61 35,5
T-2 0,1 2,25 - 2,56 -
0,001 6,34 - 4,32 43
0,0001 8,17 16,0 4,98 20,2
T-3 0,1 0,57 - 2,44 B
0,001 6,81 - 4,34 4.8
0,0001 6,52 - 4,46 7,7
T-6 0,1 6,12 - 3,85 -
0,001 7,13 - 4,05 -
0,0001 7,56 7,03 4,71 13,7
Al 0,1 7,14 14 4,33 45
0,001 7,23 2,6 4,74 14,4
0,0001 8,88 26,1 5,02 21,2
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A2 0,1 0,71 - 1,42 -
0,001 573 - 41 .
0,0001 7,95 12,9 4,49 8.4
A3 0,1 0,82 - 1,43
0,001 1,83 - 2,81 B
0,0001 573 5 34 .

Keyingi jadvalda birikmalarning bug‘doy doni va bodring urug‘laridagi gerbitsidlik faolligini o‘rganish natijalari keltirilgan. Shartli T-2
belgi ostidagi birikmaning 0,1% konsentratsiyasi bug‘doy doni o°sishini butunlay to‘xtatgan. T-2 ning 0,001% konsentratsiyasi esa ildiz o‘sishini
28,7%ga, poyani 30,9%ga giyqgartirgan. T-3 birikma 0,1% konsentratsiyada uruh unishini butunlay to‘xtatadi, 0,001% konsentratsiyada esa
nazoratga nisbatan ildiz uzunligini 19,5% va poyada 28,1% ga gisqartiradi. Uning 0,0001% konsentratsiyasida ildiz o‘sishining ingibirlanishi 5,9%
va poyada 12,8%ni tashkil etadi. T-6 birikma uchchala konsentratsiyasida ham gerbitsidlik faolligini namoyon qildi. Bunda ildiz o‘sishidagi
ingibirlanish 0,1% konsentratsiyada 53,2%; 0,001% - 37,2%; 0,0001% - 13,4%. Bug‘doy poyasining ingibirlanishi nazoratga nisbatan 0,1%
konsentratsiyada 31,2%; 0,001% da 26,5% va 0,0001% da 20,3%ni tashkil etdi. A-2 birikma qo‘llanilganida ildiz ingibirlanishi 0,1%
konsentratsiyada - 100%; 0,001% - 23,4%, poyaning ingibirlanishi esa 0,1% konsentratsiyada 94,6%; 0,001% - 38,1%ni tashkil etdi. A-3 birikmasi
0,1%-li konsentratsiyasida gerbitsidlik faolligini namoyon qildi. Bunda ildiz ingibirlanishi 94,1% va poyada bu ko‘rsatgich 93% ni tashkil qildi;
0,001% konsentratsiyada bu qiymatlar mos ravishda 83,8% va 68,2%. Etalon sifatida olingan Fyuzilad super bug‘doy doni unishini to‘liq to‘xtatdi.

Bodring urug‘larining unushida T-2 birikmasining gerbitsidlik faolligi namoyon bo‘ldi. Uning 0,1% konsentratsiyasida ildiz ingibirlanishi
68,1% va poyada bu ko‘rsatgich 38,2%ni tashkil etdi. T-3 birikmasi 0,1% konsentratsiyada ildiz uzunligini nazoratga nisbatan 91,9%ga, poyanikini
esa 42,0% ga ingibirladi. Etalon variantda bu giymatlar mos ravishda 98,2% va 100%. A-2 birikmasi ham 0,1% konsentratsiyada gerbitsidlik
faolltigini namoyon qildi, bunda ildiz o‘sishi 90,0% va poya 65,8% ingibirlangan. A-3 birikma bilan ishlov berilgan bodringda 0,1%
konsentratsiyada ildiz ingibirlanishi 88,0%; 0,001% konsentratsiyada 74,1% va 0,0001% - 18,7%ni tashkil etgan bo‘lsa, poyada bu ko‘rsatgichlar
mos ravishda 65,5%, 32,2% va 17,9%ni tashkil etdi.
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P-NITROFENOLNI BENZIL XLORID BILAN ALKILLASH
Annotatsiya
Ushbu magolada p-nitro fenolni nanokatalizatorlar ishtirokida alkillash reaksiyalarini o’rganishga qaratilgan. Alkillash reaksiyalarida C-alkil va O-
alkil mahsulotlar hosil bo’lishi kuzatilgan va isomer tarkibi aniqlangan. Reaksiyalar uchun eng yaxshi alkillovchi agent sifatida benzyl xlorid tanlab
olingan va yumshoq sharoitda alkillashda asosan O-benzil mahsulot olishga erishiladi. Katalizator sifatida TiO,-SiO,/FeCl; katalizator, polivinil
xloridga (PVC) shimdirilgan FeCl; nanokatalizatori qo’llanilgan va selektivligi ortganligi aniglangani
Kalit so‘zlar: p-nitrofenol, benzilxlorid, PVC asosidagi FeCl; nanokatalizatori, nano tuzilishli TiO,*SiO,/FeCl; katalizator.

AJKNJIUPOBAHUE II-HUTPO®EHOJIA BEH3WJIXJIOPUAOM
AHHOTaIUA

JlaHHAs CTaThs IOCBSIIEHA H3YUEHHIO PEaKIHil ANKWINPOBAHUS IT-HUTPO(EHOIa B IPUCYTCTBHH HAHOKATAIN3aTOPOB. B peaknusx akiInpoBaHus
oOHapyxeHo oOpazoBanue C-anKuiIbHBIX U O-aJKWIBHBIX NPOIAYKTOB M ONpEIEIECH COCTaB M30MEpOB. B KauecTBe JydIIero ajlKWIMpYIOIIEro
areHra Al peakuuid Obul BhIOpaH OCH3WIXJIOPHA, NMPU 3TOM AJIKWIMPOBAHUME B MATKHX YCIOBHUSX JAeT MPEUMMYIIECTBEHHO O-O0EH3HUIOBbIE
npoxykThl. B kayecTBe Karanuszaropa ncronb3oBainy karanuzarop TiO;SiO,/FeCls, nanokartamzarop FeCls, mpornuraHHbIi HOINBHHIIXIOPUIOM
(ITIBX), 1 66110 0OOHAPYKEHO, YTO CEJIEKTHBHOCTD YBEINUUBACTCS.

KuloueBble ciaoBa: mn-HutpodeHon, OeHswixiopun, HaHokaranusatop FeCl; Ha ocnoBe [IBX, HaHOCTPYKTYPHPOBAaHHBI KaTaau3aTop
TIOQSIOZ/FeCI3

ALKYLIROVANIE P-NITROPHENOLA BENZYLCHLORIDOM
Annotation
This article focuses on the study of alkylation reactions of p-nitrophenol in the presence of nanocatalysts. The formation of C-alkyl and O-alkyl
products was observed in alkylation reactions and the composition of isomers was determined. Benzyl chloride was selected as the best alkylating
agent for the reactions, and alkylation under mild conditions gives mainly O-benzyl products. As a catalyst, TiO, SiO,/FeCl; catalyst, FeCls
nanocatalyst soaked in polyvinyl chloride (PVC) was used and it was found that the selectivity increased.
Key words: p-nitrophenol, benzyl chloride, PVVC-based FeCl; nanocatalyst, nanostructured TiO,-SiO,/FeCl; catalyst.

Kirish. Hozirgi vaqtda fenol tutgan birikmalar sanoatning turli sohalarida (polimer, kauchuk, farmatsevtika, kosmetika), shuningdek,
tibbiyot amaliyotida keng qo’llaniladi. Eng muhim ishlatiladigan sohalardan biri fenollardan antioksidantlarni ishlab chigarishdir [1]. Fenol tutgan
antioksidantlarni qo’llashning eng an’anaviy va o’rganilgan sohasi polimer sanoatidir. Kam zaharliligi tufayli ular birinchi navbatda insonlar
tomonidan keng qo’llaniladigan materiallarda, tibbiy asbob-uskunalarda, 0zig-ovqat qadoglarida, bolalar 0’yinchogqlarida, shuningdek oziq-ovgat
mahsulotlari ishlab chigarishda qo’llaniladi [2].

Mavzuga oid adabiyotlar tahlili So’nggi paytlarda vazn yo’qotuvchi sifatida 2,4-dinitrofenol dori vositasi ko’plab ishlatib kelinmoqda.
2,4-dinitrofenol dori vositasining nojo’ya ta’sirlari organizmning zaharlanishiga sabab bo’lmoqda. O’rtacha 60 kg vaznli insonlar uchun 2.4-
dinitrofenolning bir martalik zaharlash do’zasi 1 g ni tashkil giladi. 2,4-dinitrofenol kuchli toksik ta’sirga ega, xususan, bosh aylanishi, bosh og’rig’i,
bel og’rig’i, ko’ngil aynishi va qusish, gipergidroz, qo’rquv keltirib chigaradi. Tajribalar davomida preparatni gabul gilishning ikkinchi kunida
paresteziya, ongning sayozlashishi, hayratda qoldiradigan tushkunlik, dizartriya, yurak tezligining oshishi, qon bosimi ortishi, nafas olish
tezligining oshishi, isitma oshishi kabi holatlar tajribalarda aniglangan [3].

Fenollarning ko’p qismi press kukunlari, laminantlar, laklar, yopishtiruvchi qatronlar uchun xom ashyo bo’lgan fenol-formaldegid
smolalarini ishlab chigarishga sarflanadi. Fenollar sirt faol moddalar, stabilizatorlar olish uchun ishlatiladigan yugori alkilfenollar sintezida asosiy
xom ashyolardan hisoblanadi. Fenollarning bu kabi birikmalarini olishda elektrofil almashinish reaksiyalaridan foydalaniladi. Hozirgi davrda
elektrofil reagentlarni shartli ravishda uch turga bo‘lish mumkin: Kuchli elektrofillar, o‘rtacha kuchli elektrofillar, kuchsiz elektrofillar.
Fenollarning eng muhim va asosiy reaksiyalaridan biri elektrofil almashinish reaksiyasi bo‘lib, mexanizm nuqtai nazardan mufassal va chuqur
o‘rganilgan va organik sintezda keng qo‘llaniladi.

Kuchli elektrofillarga nitroniy kationi N* O,, Cl, va Br ning Lyuis kislotalari — FeCls, FeBrs, AICI3, SbCls va boshqalar bilan hosil gilgan
komplekslari kiradi.

Oc‘rtacha kuchli elektrofillarga alkilgalogenidlar va asilgalogenidlarning Lyuis kislotalari RCI-AICI;, RBr-GaBr;, RCOCI-AICI; va
spirtlarni kuchli Lyuis, Brensted kislotalari bilan komplekslari ROH-BF; ROH«H3;PO,4, ROH-HF kiradi.

Kuchli elektrofillar elektronodonor, elektronoakseptor o‘rinbosarlar tutgan benzol qatori birikmalari bilan reaksiyaga oson kirishadi.
Oc‘rtacha kuchli elektrofillar benzol va uning faollashtiruvchi elektronodonor o‘rinbosarlar, galogen atomi tutgan gamologlari bilan reaksiyaga
kirishadi.

Alil va benzil galogenidlar to‘yingan radikal tutgan alkmlgalogenidlarga nisbatan kuchli elektrofillar xisoblanadi. Alil va benzil
galogenidlar erituvchilar yoki katalizatlor ta’sirida osonlik bilan karbokation hosil qgila oladi va faol reaksiyaga kirishadi.
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Tadqgigot metodologiyasi Fe;04-Co30, katalizatori ishtirokida 4-xloro-3-metil fenol va 1-yodo-4-nitrobenzolning 130 °C da reaksiyasi
o’rganilgan. Vaqt, erituvchi asos, va katalizator miqdorining reaksiyaga ta’sir doirasi o’rganilgan. 4-xloro-3-metilfenolning O-arillanishida Fe;O4-
Co30, nanokatalizatoridan foydalanilgan va o-aril mahsulot olingan [4]. Fenollarni alkillashda katalizatordan foydalanganda ular alkilfenollar
mahsulotlar olinadi va mahsulotlar(C-alkil va O-alkil) umumiy hosil bo’lish unumi 60% gacha bo’lishi aniglangan [5,6]. Almashingan fenollarning
alkillanish reaksiyalari, nano katalizatorlarning reaksiya jarayonlariga ta’siri, fenollarning alkenlar bilan HsPOs-katalizlangan alkillanishi oson,
samarali va selektiv tarzda amalga oshiriladi. Reaksiya benzol halgasini alkillash jarayonini ko’rsatadi va orto-, meta- yoki para-alkillangan fenol
hosilalari sintezi amalga oshirilgan [7].

Fenol, 1-naftol, 2-naftol, 2-naftilmetil efiri, anizol, veratrollar va rezorsinning dimetil efirining turli allillovchi agentlar bilan allillash
reaksiyalari natijasida yuqgori unum bilan O- va C-allil mahsulotlar olingan; fenollar va naftollarni allillash reaksiyalarida para-almashingan
mahsulotlar olishda temir(lll)xlorid kristallogidrati katalizatori, orto-almashingan allil hosilalarini olishda nano tuzilishli TiO,SiO,/FeCl;
qo’llanilgan; biologik faolligi yuqori bo’lgan o-almashingan hosilalar sintezida ishlatilgan nano tuzilishli TiO,*SiO,/FeCls katalizatorini allillash
reaksiyalari uchun qo’llash ancha samarali ekanligi aniqlangan [8].

Tahlil va natijalar p-nitrofenol va benzil xlorid ishtirokida O-alkil va C-alkil mahsulotlar sinteziga bag’ishlangan. Ushbu reaksiyalar
uchun dastlab p-nitrofenol va benzil xlorid 1:5 nishatda olindi va yuqori haroratda reaksiya jarayoni 9 soat davomida olib borildi. Erituvchi sifatida
benzil xloriddan foydalanganda reaksiya 4 soat davomida harorat 110°C da olib borildi. Katalizator sifatida PVC asosidagi nano FeCls
katalizatoridan foydalanildi. Reaksiya natijasida O- va C-alkil mahsulotlar aralashmasi hosil bo’ladi. Mahsulot aralashmasi tarkibi 4-nitrofenolning
benzil efiri, 2-benzil 4-nitrofenol, 2-benzil 4-nitrofenolning benzil efiri, bis benzil almashgan 4-nitrofenol va benzil xloridning parabenzil
hosilasidan iborat:

Ph
crucl -5 on Ph Ph— o
nano PV C/FeCl
a0 N Ph Ph
- +
— har o +
NO, NO, NO2
cl
@ ®) © @

Reaksiya mahsuloti tarkibi xromoto-mass-spektroskopiyasi orgali aniglanganda quyidagicha 4-nitrofenolning benzil efiri, 2-benzil 4-
nitrofenol, 2-benzil 4-nitrofenolning benzil efiri, bis benzil almashgan 4-nitrofenol, 4-benzil benzilxloridga mos bo’lgan molekulyar va bo’lakli
ionlar borligi aniglandi.

Xromato-mass-spektri “Agilent Technologies 7890 N GC system” nomli firmaning mass selektiv detektorli “5977 A MSD”
DRUGS_SKAN.A1 M metod orgali ichki yuzasi 5% li fenilmetilsiloksan bilan qoplangan uzunligi 30 m. kapillyar kolonka ishlatilib, injektorining
280°C temperaturasida, termostatning temperaturasi 150°C dan 289°C gacha bo’lgan Agilent Technologies 7890 inert mass-spektrlari bilan olindi.

Mass spektri
a [ miz [229], 181,152,108,91,65 | c [ miz [216], 182,167,152,77 51
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Xulosa. Aromatik halgada II tur o’rinbosar tutgan p-nitrofenolning benzil xlorid bilan reaksiyasi nano polimer katalizator va benzol
erituvchisida olib borilganda o0-alkil mahsulot 43% unum bilan hosil bo’ladi. Agar p-nitrofenol va benzil xlorid reaksiyasida erituvchisiz sharoitda
alkillovchi reagent miqdori oshirilib harorat ko’tarilsa O-benzil, C-benzil, bis benzil mahsulotlar hosil bo’ladi. Shuningdek yuqori reaksion
qobilyatga ega bo’lgan benzil xlorid o’zaro reaksiyaga kirishib asosiy mahsulot sifatida parabenzillangan benzil xlorid hosil bo’lishi kuzatiladi va
bu p-nitrofenol aromatik halgasining elektrofil almashinish reaksiyasiga kirishish qobiliyati benzil xloridnikidan past ekanligini ko’rsatadi.
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PECTIN SUBSTANCES OF CUCUMIS MELO PEEL

Annotation
The article is devoted to the isolation and study of the physicochemical properties of pectin substances (PS) of Cucumis melo peel, fam.
Cucurbitaceae. The yield of PS from the peel is 5.0%. Monosaccharides were found in the hydrolysis products of the obtained pectin substances:
glucose (1%) xylose (1.7%), rhamnose (1.8%), mannose (2.6%), galactose (4.4%), arabinose (44.6%) and uronic acids. Results of titrimetric
analysis show that PS is highly esterified with a degree of esterification of 52.4%. Analysis of the IR spectra of pectin substances and their
derivatives: pectic acid and galacturonane shows that the studied biopolymers are carboxypolysaccharides with a basic a-1—4 glycoside bond
between the residues of D-galacturonic acid in the main chain, where the carboxyl groups are partially methylated.
Key words: Cucumis melo, pectin, pectic acid, galacturonan, IR spectroscopy.

CUCUMIS MELO PO‘STLOG*I NING PEKTIN MODDALARI
Annotatsiya

Magola Cucumis melo , (Cucurbitaceae Qovoqdoshlar oilasiga mansub) po'stining pektin moddalarining (PM) fizik-kimyoviy xususiyatlarini
ajratish va o'rganishga bag'ishlangan. Pektin moddasining unumi 5,0% ni tashkil gildi. Olingan pektin moddalarining gidroliz mahsulotlaridagi
monosaxaridlar qoldig’i: glyukoza (1 %) ksiloza (1,7%), ramnoza (1,8 %), mannoza (2,6%), galaktoza (4,4%), arabinoza (44,6%) va uron
kislotalaridan iborat ekanligi aniglandi. Titrimetrik tahlil ma'lumotlari PM eterifikatsiya darajasi 52.4% bo'lgan yuqori esterifikatsiyalangan pektin
ekanligini ko’rsatdi. Pektin moddalari va ularning hosilalari bo’lgan: pektin kislota va galakturonanning IQ spektrlarini tahlil gilish shuni
ko'rsatdiki, o‘rganilayotgan biopolimerlar karboksil guruhlari gisman metillangan, asosiy zanjirdagi a-1—4 glikozid bog'langan, D-galakturon
kislotasidan iborat karboksipolisaxaridlardir.

Kalit so‘zlar: Cucumis melo, pektin, pektin kislota, galacturonan, 1Q-spektroskopiya.

HNEKTUHOBBIE BEHIECTBA KOXKYPbI CUCUMIS MELO
AHHOTaIUA

CraThsl MOCBSICHA BBIACICHUIO H HM3YYCHHIO (HU3UKO-XHUMHUYECKHUX CBOWCTB mekTHHOBBIX BernectB (I1B) koxypsr Cucumis melo, cem.
Cucurbitaceae (TsrkBennsie). Bexon IIB u3 xoxyper 5,0 %. B mpomykTax rujponmsa IIOTy4eHHBIX NMEKTHHOBBIX BEHIECTB OOHAPYKEHBI
MoOHOcaxapuasl: rimoko3a (1 %) kcunosa (1.7%), pamuosa (1.8 %), manHo3a (2.6%), ranakrosa (4.4%), apabunosa (44.6%) 1 ypOHOBBIE KHCIIOTBL
JlaHHBIE THTPHMETPHUYECKOTO aHAIM3a MOKa3bIBAIOT, 4To [IB sBIAIOTCA BBHICOKOITEPH(HIUPOBAHHBIMU CO CTENEHBIO dTepubHKanuu 52.4%.
Anramm3 MK-criekTpoB TeKTHHOBBIX BENIECTB M MX MPOM3BOJHBIX: MEKTOBOH KHCIOTHI M TalaKTypOHAHAa ITOKA3bIBAaeT, YTO HCCIIETyeMble
61ONOIHMepHI ABIAIOTCS KapOOKCUIIOMHUCAXapUIaMH ¢ OCHOBHOM o -1—4 IMIMKO3UIHON CBSA3BIO MEXKIY OCTaTKaMH D-ranakTypOHOBOH KHCIIOTHI
B TJIaBHOH IIEMH, Iie KapOOKCUIIbHBIE TPYIIIbl YAaCTUYHO METHIHPOBAHBL.

Kmrouesie cioBa: Cucumis melo, MekTHH, MEKTOBast KUCIIOTa, ranakTypoHaH, UK-cnekTpockors.

Beenenue. llens HacTosmuil pabOTHI-XMMHYECKOE HCCIEJOBAHHE MEKTHHOBBIX BEMIECTB KOXYphl YyKa3aHHOro pacTteHus. Kax
TOJIMCaXapyuIbl ¢ HU3KOH TOKCHYHOCTBIO, MEKTHHOBBIE BemecTBa (I[1B) MMEIoT psin GyHKIMOHAIBHBIX TPYIII, ONPEIEIHIIONINX HX PEaKIHOHHYIO
CIIOCOOHOCTB, YTO MO3BOJISIET MOTy4YaTh HEKOTOPble MOAUGHIMPOBAHHBIE COSTUHEHHS C IIMPOKUM CIIEKTPOM Ouonoruueckoro nerctsus. [1B
0011a1al0T IMMYHOMOTYTHPYIOIIMMH CBOHCTBAMH, CIIOCOOHOCTBIO BBIBOJUTH U3 OPTaHH3Ma TSDKENbIE METAIUIbI, XOIECTEPHH, MOUEBHHY, a TaKkKe
HAXOZAT MPMMEHEHHE B FACTPOIHTEPOIOTMYECKON MPAKTUKE MPH Pa3ipaXKeHHH CIM3HUCTBIX obomouek [1-3]. B mocnennee Bpems ocoOblii nHTEpEC
MIPE/CTABIAET UX CIOCOOHOCTD JAOCTABIIATh JIEKAPCTBEHHBIE CPECTBA K MECTy UX AeicTBuUs. buonornyeckue cBoiicta [1B cBs3aHBI HE TOIBKO C
UX CTPYKTYPHBIMU OCOOCHHOCTSIMH, HO U C PEOJIOTHYECKUMHU CBOiicTBaMu [4].

Jluteparypublii 0630p. [IekTHHOBBIE BelleCcTBa SBIBTIOTCS COOMPATENFHBIMHA HA3BAHHMSMHU TPYIIIIBI TECHO CBSI3aHHBIX MOJNMCAXapHIOB,
HOPUCYTCTBYIOIIUX B KICTOUHBIX CTEHKAX PACTEHMH I/ OHH YJacTBYIOT B CJIOXKHBIX (DH3HMOIOTHYECKHX IIpolLeccaX, TaKHX KaK POCT U
T bepeHIIpoBKa KIETOK, X TeM CaMbIM OIPEIENSIOT IIeIOCTHOCTD U JKECTKOCTh PACTUTENbHON TKaHU [4]. MexX1y KIeTOUHBIMU CTEHKaMH OHH
JIEHCTBYIOT KaK MEXKJIETOYHBIN [IeMEHT . [Ipi MATKOM I'HAPOJIH3E TO BEIIECTBO AT BOAOPACTBOPUMBIIT IIEKTHH, KOTOPBII MOXKET 00pa30BHIBATH
TeU WIN BA3KYIO KOJUIOHIHYIO CYCIICH3HIO C CaXxapoM U KHUCIOTOH. Pa3nnduHble MEeKTHHOBBIC BENIECTBA MOTYT BIUSTH HAa TEKCTYpPY OBOIICH U
(pYKTOB HECKOIBKHMH CIOCOOaMH. B kadecTBe COCTAaBIIOMNX KIETOUHBIX CTEHOK pacTeHHI U OIarogaps cBoel aHMOHHOU IPHPOJE CUUTACTCS,
YTO B TOM Y4YacTBYIOT NMEKTHHOBBIC MONMCAXapHIbl B PETYIMPOBAHUU IIEPEHOCA HOHOB, IIOPHCTOCTH CTEHOK M, TaKMM 00pa3oM, B KOHTpOJIE
MIPOHUIIAEMOCTH CTEH Juisl pepMeHTOB. OHM TaKXKe ONPEeISIOT BOAOY ISP KUBAIOIIYIO CIIOCOOHOCTD [5].

TlexTHHOBAS KHCIIOTA SIBIAETCS CAMbIM MPOCTHIM U3 HEKTHHOBBIX BeNIeCTB. MoeKya IpeacTaBisieT COOO0M MOIMypPOHU L, COCTOSIIHI U3
3BEHbEB raJJaKTYPOHOBOW KHCIIOTHI, 00bEIMHEHHBIX alb(a-1,4-T; ruko3uaHbie cBsi3u. OHHU TAKOKe UTPAIOT BAXKHYIO POJIb B 3aIUTHBIX MEXaHH3Max
OT MaTOr€HOB U paH pacTeHui [6].

MeTopoJ10THs HCCTI0BAHNUS.

WuaktuBanys ceipbst. 100 T BO3AYIIHO-CYXOr0 W3MENIBUYSHHOTO CHIPhS IBAXKIBI 00pabaThIBaIN KUILIIEH CMECHIO XJIOPO(OPM-METaHOI
1:1 mpu moxyne 1:5 B Tederne 2 4. OCTaTOK CHIPbs OTACISUIN, BEICYIIHBAIH U IBAKABI AKCTPATUPOBAIM KUILIIHUM 85 % OSTHUIOBBIM CIHPTOM B
COOTHOIICHUH 1:5. DKCTPaKThl OTAeIN GHIBTPOBAHHEM, yIapHBaIH U aHanu3upoBamu bX B cucreme H-Oyranoi-1:mupumua:Boga (6:4:3) Ha
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6ymare Filtrak FN 16, nucxoasmum MeronoM B TedeHue 16 4. ['ekco3y (TII0Ko3y) 0OHApYKMIN KUCIEIM (TanaToM aHUIHHA, 5 % pacTBOPOM
MOYEBHHBI-PYKTO3Y U caxaposy.

Brigenenne BoxopacTBOPUMBIX IIOJIHMCAXapH0B. BhICyIeHHOE CBIpbe SKCTParupoBald XOMOAHOH BOXON JBaXKABI B TeUeHHE 2 4. IIPU
ruapomonyie 1:5, 1:4, 3aTeM 9KCTpaKThl 00beJUHSIIN, YIAPUBAIN U OCAXKIATN JBYXKPATHEIM KOINYECTBOM STUIIOBOTO cupTa. Oca oK OTASISIIH
nenrpudyruposanuem (5000 06/mMuH., 10 MuH) 1 BhicyHBaIM 96 %-HbIM 3THIOBBIM criupToM. Beixox BPIIC - 10 ¢

Brigenenne nextunoBsix BemecTs (IIB). ITocne Beipenenus cymmsl BPIIC mpotT aBaskabl SKCTparupoBaiu paBHOU cMechio 0,5%-HbIX
PacTBOPOB IIABEIEBOI KHCIOTHI M OKcallaTa aMMOHHS IIpH TeMnepatype 750 C, SKCTpaKkIuio MpOBOAWIN Mpu ruppomonyne 1:4, 1:3. Dkcrpakr
oTaensM (QUIBTPOBAHHEM, AHAIM30BAJIM IPOTHB IPOTOYHONW BOABI, YNApUBAIM M OCAXKAAIN TPEXKPAaTHBIM 00beMoM crupra. Ocanok
00pabaThIBai aHAJIOTMYHEIM 00pa30oM Kak onucaHo Bbiie. Berxox I1B 5,0 T. (OT BO3RYIIHO-CYXOTO CBHIPBS).

Ta6muua 1.

DU3NKO-XUMUUYECKHE XapaKTEPHCTHKH EKTHHOBBIX BeniecTB Koxypbl Cucumis melo
TuTpuMeTpHYecKHe MoKasareny, % VpoHuaHas cocTasisromIas, Boixon  nexToBoit Brixon ranakryponana, %
Ke I Ko I Co % KHCIOTBL, %0
5,04 | 567 | 52,94 50.0 62.0 36.0

Jlns onpefieNieHns CTENeH! 3Tepr(HKaly TPOBOAWIM THTPUMETPUYECKUH aHAIIN3, 10 Pe3yJbTaTaM KOTOPOTO BBIABMIIM COJAEPKaHHUE
KapOOKCHJIBHBIX H 3TeprHIHpoBaHHbIX Tpynir: [To naHHBIM TUTpHMeTpHYeckoro anamu3a B [1B coneprkanue cBoboaubix (Kc) kapOoKCHIbHBIX
rpymi coctaBiuser 5,04 u comeprkanue stepuduuposanHbix (Ka) 5,67, mpu aToMm crenens srepudukanyuu - 52,9477%, 94T0 M03BONAET OTHECTH
nsyyaemsie [1B k BBICOKOITepUPUIMPOBAHHBIM NEKTHHAM (Tabi.1) .

TlexTHOBBIE BEIECTBA NPEACTABISAIOT COO0H aMOP(HBIH ITOPOIIOK KPEMOBOTO 1IBETa, YACTHYHO PACTBOPSETCS B BOJE C 00pa3oBaHUEM
BSI3KOTO pacTBopa, NOoTH -6,0 (¢ 1,0%; H20). IIB umeer nokasatens OTHOCHTENBHOU B3KkocTH 6,0.

B HK-cnekrpax I1B (puc.2) Obutn o6HapysxeHbl nonockl nornomenust: 3434cm-1 (OH-rpymnmsr), 1748cm-1 (C=0 cBoboausie u COO-
9TepuUIMPOBaHHbIE KapOOKCHiIbHBIE TpyMIbl), 1434cm-1 (koneOaHus MOHM3MPOBaHHOrO KapOokcuna), 1365cm-1 (-OCH3), 827cm-1 (o-
TJIMKO3WUIHAS CBSI3b)

TTonyuenue nexroBoii kucnotsl. 0.5 r I[1B pactBopsuu B 50 M 0.1 H. NaOH u BblaepxuBaiu 6 4 Ipu KOMHATHOI TeMIiepaType, 3aTeM
no6asisun 0.3 1. HCI 1o monHoro Beimanenus ocaaka. Ocagok oTAeIsUIA HeHTPH(YTHPOBAHIEM, IPOMBIBAJIN CIIMPTOM H BBICYIIUBAIN. BhIX0x -
0.31r.

Tlonyuenue ranakryponana. 0.5 r I1B pactBopsiu B 10 mit Bozibl, 3atem npudasistiau 10 mia 2 1. H2SO4, ruaponus npoBoAnIIv B TEUSHUE
2 1 mpu 90°C, peakMOHHYI0 CMECh OXJIAXIAIN, 0CAI0K OTACISUTH LHEeHTPH(YTHPOBAHHEM, IPOMBIBAIN H BBICYIIHBAIN STHIOBBIM CITHPTOM|7].
Brixox ranakryponana - 0.18 r.

TlonHbli KUCIOTHBIHA rHapoan3 noaucaxapunos. Oopasisl BPIIC ruaponuszoBanu 11 H2SO4 npu 100°C, 8 yacos, [1IB u 'MI 21 H2SO4
,1000 C, 20 yac. I'mpponu3zarel HeHTpanu3oBaiu KapOoHATOM Oapusi, AeMoHM3MpoBaau KaruoHutoM KY-2(H+), ynapusanu. KauecTBeHHBbII
MoHocaxapuaHbIi coctas [IC m3yuamn bX ¢ ncrons3oBanueM H3BecTHHIX cBuiereneil Ha Oymare Filtrak FN-12, B cucteme OyTaHON-TMPHANH
BoJja 6:4:3, nposiButens 1,2.

Amnanus U pe3ynbTaTsl. Kak H3BeCTHO, OCHOBHAS LIellb MEKTHHOBBIX BEIECTB COCTOUT M3 MOJIUTaJakTypoHaHOB. [yt atoro u3 I1B mMbl
BBIJICIIIIIN TIEKTOBYIO KHCIIOTY M TaJIaKTypOHAHA.

IIpu o6pabotke I1B Cucumis melo 111e104bt0 IPOUCXOANUT OMBLICHHE METOKCHIIBHBIX TPYII U 00pasyercs nektoBas kuciota (62.0 %),
KOTOpast II0 CpaBHEHHIO ¢ UcXoaHbIM [1B yxe Tepsiia pacTBOPUMOCTb B BOJE.

TIpu ruppommse I1B (2 H H2S04, 90°C, 2 ¥) momy4miii HoIucaxapus ¢ BEIXOAoM 36 % - raJakTypoHaH, COCTOSIIIN TOJIBKO U3 OCTaTKOB
D-ranakTypOHOBBIH KHCIIOTHI.

Tabauna 2.
Jannsie MK-cnektpos I1B, neKToBOH KHCIOTHI H rajakTypoHaHa
Yacrora, ITpenmyIiecTBEeHHBIE THIIBI Yacrora, cM-1 TTpenMyIecTBEHHBIE THITBI KOJIeOaHmit
cM-1 KoseGanumi
TlekTHHOBBIE BEIIIECTBA
3295 v (OH)c 1370 8s (CH3)E
2934 v (CH)x 1144 v (C-0-C)
1733 v (C=0O)E 1072 v, 8 (C-OH)k
1630 3 (H20) 1047, 1013 v (C-C), (C-O)K
1423 das (CH3)E 952, 829, 755 Tpuruier o-1,4-rIMKo3uIHOM CBA3K
[TekTOBas KMCIIOTA
3311 v (OH)c 1143 v (C-0-C)
2929 v (CH)x 1095, 1046, | v(C-C), (C-O)K
1729 v (C=0)E 1012 Tpuruier o-1,4-r1uKo3uIHOM CBA3M
1329 3 (CH)K 910, 884, 831 ITynbcalMoHHble KOJICOaHNs THPAHO3HOTO KOJIbIA
1232 8 (CH)K, 3 (OH)C, 791, 739, 625
3 (OH)A, v (C-0-C)E
Tanakryponan
3332 v (OH)c 1225 3 (CH)K, 8 (OH)C,
2930 v (CH)x 1143 8 (OH)A, v (C-O-C)E
1727 v (C=0O)E 1073, 1011 v (C-0-C)
1641 3 (H20) 948, 888, 881 v (C-C), (C-O)K
1412 das (CH)K 738, 623, 531 Tpuruier o-1,4-r1uKo3uIHOMN CBA3M
1329 3 (CH)K ITynbcalOHHbIC KOIeOaH s MHPAaHO3HOTO KOJIbIIA

Anamuz UK-cnektpos (ta6mn.2., puc.1,2,3) TIB, nekToBOil KUCIOTHI M TaJlaKTypOHaHA MOKa3all MPUCYTCTBHE Psjia MOJOC MOTJIOIICHHUS,
MPHCYIINX MEKTHHOBBIM BemecTBaM [8]. Ciemyer oTMeTHTh Hanbolliee XapaKTepHbIE TOJNIOCK HOTJIOMIEHNs, B YaCTHOCTH, npH 1727-1733 cm-1 -
BaJICHTHBIE KOJIeOaHUs KapOOHMIIa KapOOKCHUIIbHO# rpymnsl [9].

i ED W & E] E] ] Ex) £ EJ £ EJ ] £ LX)
e .

- e -
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Puc.1. UK-cnextp I1B . Puc.2. UK-crieKTp meKToBO! KUCIOTHI
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Puc.3. UK-cniekTp ranakrypoHaHa
B UK-criekTpe neKToBoii KMCIOTHI U TaJIaKTypOHAHa 3TH I10JI0ChI ObLIN JI0CTATOYHO MHTEHCUBHBIMU 110 CPABHEHUIO C TAKOBOW B UCXOJTHOM

1B, Tak KaKk MPOMCXOJMIIO OTIIEIUICHHE METHUIBHBIX IPYII, a 1ojoca norsoiueHust 1370 cM-1, oka3plBaromas MPUCYTCTBHE METHUIBHON TPYIIIb]
MOJIHOCTBIO OTCYTCTBOBaJIA. B CreKTpax yKa3aHHBIX COSTHMHEHHI MPUCYTCTBOBAJIN MOJIOCHI MIOITIOLIEHHUS TpHIuieTa B obnactu 828-835; 870-8875
1 890-910 cM-1, cBUIETEIBCTBYIOIIHE O IPHCYTCTBUH 0.-1,4- MIHKO3UAHOM CBA3M MEXIy ocTaTkaMu D-ranakTypoHoBoit kuciotsl [10].

BoiBoabl. Taxum o6pa3om, U3 OOTBHI S. tuberosum BEIIENCHB! BBICOKOITEPU(PUIIMPOBAHHEIE IEKTHHOBEIE BEleCTBa ¢ BBIX0AOM 5.0 %.

OrmpezeneH KauyeCTBEHHBIH W KOIMYECTBEHHBI MOHOCAXapHIHbBIA COCTaB, YCTAHOBJIEHBI (PU3HKO-XHUMHUYECKHe Mapamerpsl. 13 I1B momyueHst
HIEKTOBAask KUCJIOTA U raJlakTypOHaH. BhieneHHble coeiMHeHNs aHanm3upoBaiu MetogoM MK-crekrpockonuu.

10.
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SYNTHESIS AND PHOTOCATALYTIC PROPERTIES OF O-g-C3N4/Fe,O; COMPOSITE
Annotation
A new O-g-C3N4/Fe,O3 composite was synthesized by modifying oxygen-doped graphite-like carbon nitride (O-g-CsN,) obtained on the basis of
melamine with Fe,O3. The physicochemical properties of the O-g-C3;N4/Fe,O; composite and the process of photocatalytic decomposition of
methylene blue dye under the influence of visible light were investigated.
Key words: melamine, O-g-CsN., Fe,0s, thermal polycondensation, methylene blue, photocatalytic destruction.

CHUHTE3 M ®OTOKATAJIMTUYECKHAE CBOMCTBA KOMITO3UTA 0-g-C3N,/Fe,O;
AHHOTaIUA
Tony4enHslit Ha OCHOBe MelaMuHa rpadurtononobusiii Hutpuz yriepoaa (O-g-C3N,), monupoBanHbIA KucIopomoM, MoauduuupoBas Fe,0; u
cuHTesnpoBan HOBbI Kommo3uT O-g-CsNa/Fe,O3. Hccnemoansl (usnko-xumudeckue csoiictBa kommosuta O-g-C3Ni/Fe,O; m mporece
(hOTOKATATUTHIECKOTO PA3/IOKCHHS METUIICHOBOTO CHHETO KPaCHTEIs 0] BO3/eiiCTBHEM BUIMMOTO CBETa.
KaroueBsle ciioBa: menamuH, O-g-C3N4, Fe, 03, TepMurdeckast MOIUKOHICHCAIUSI, METHIICHOBBIH CHHHUI, OTOKATATUTHYECKAS JECTPYKIIUS.

0-g-C3N4/Fe; 03 KOMPOZITI SINTEZI VA FOTOKATALITIK XOSSALARI
Annotatsiya
Melamin asosida olingan kislorod bilan dopirlangan grafitsimon uglerod nitridi (O-g-C3N,) ni Fe,Os bilan modifikaciyalab, yangi O-g- C3N4/Fe,03
kompoziti sintez gilindi. O-g-C3N4/Fe, O3 kompozitining fizik-kimyoviy xossalari va ko‘rinadigan nur ta’sirida metilen ko‘k bo‘yog‘ini fotokatalitik
parchalash jarayoni tadqgiq gilindi.
Kalit so‘zlar: melamin, O-g-CsN., Fe,O3, termik polikondensatsiya, metilen ko ki, fotokatalitik destruksiya

Kirish. Dunyoda ultrabinafsha va ko‘rinadigan nur sohalarida faol bo‘lgan grafitsimon uglerod nitridining turli xil allotropik shakllari
organik ifloslantiruvchi moddalarning parchalash, vodorod ajratib olish, elektronika, CO. ni organik birikmalargacha fotokatalitik gaytarish va
boshga sohalarda istigbolli “metallsiz" fotokatalizator sifatida keng qo‘llanila boshladi.

Dunyoda uglerod nitridi g-C3N4 yarim o‘tkazgichli grafitsimon fotokatalizatorlarning sintez sharoitlarini optimallashtirish, ta’qiqlangan
soha kengligini kamaytirish, termik bargarorlik va fotokatalitik xossalarini yaxshilash hamda ular asosida yangi kompozitlarni yaratish bo‘yicha
ilmiy-tadgiqot ishlari olib borilmogda. Ko‘rinadigan nur ta’sirida yuzaga keladigan reaksiyalar nano o‘lchamli grafitsimon uglerod nitridi va
ularning kompozitlari asosidagi fotokatalizatorlarning fizik-kimyoviy xossalarini strukturaviy loyihalash va o‘rganish hozirgi kunda katta qgizigish
uyg‘otmoqda. Bu o‘rinda mahalliy mahsulotlarning mamlakatimizda raqobatbardoshligini ta’minlovchi mahsulot va texnologiyalar zarur. Shuning
uchun, ko‘rinadigan nur sohasida yaxshilangan xususiyatlarga va fotokatalitik faollikka ega bo‘lgan grafitsimon uglerod nitridining temir oksidi
bilan kompozitini sintez gilib olish va ularning fizik-kimyoviy, fotokatalitik xususiyatlarini o‘rganish dolzarb hisoblanadi.

Adabiyotlar sharhi. Bugungi kunda fotokatalitik faollikka ega bo‘lgan g-C3N4 asosida modifikatsiyalangan fotokatalizatorlarni olish
muhim vazifalardan biri hisoblanadi [1]. g-C3Ns asosidagi fotokatalizatorlarning katalitik samaradorligini oshirish hamda g‘ovaklar va
fotogeneratsiyalangan elektronlarni ajratishni osonlashtirish uchun bir qancha usullar qo‘llanilmoqda. Bular sirasiga turli elementlarni dopirlash
[2], metall oksidlari bilan kompozitlarini olish va konyugirlangan polimerlar bilan modifikatsiyalash kabi usullar kiradi [3]. Shu bilan birgalikda,
adabiyotlar tahlilining ko‘rsatishicha, grafitsimon uglerod nitridining metall oksidlari bilan kompozitining ko‘rinuvchan nur sohasida ancha
yugoriroq fotokatalitik faollikka egaligini ko‘rsatdi [4].

Materiallar va usullar. O-g-C3N4/Fe,O5; kompoziti sintezi uchun dastlab oldindan tayyorlangan O-g-C;N4 kukun holatiga keltirildi [5].
So‘ngra 0,006 mol/l konsentratsiyali FeCls suvli eritmasi ning zaruriy migdori 0,1 g O-g-CsN,4 kukuni bilan aralashtirildi. Aralashmaga 10 dagiga
davomida ultratovush ta’sir ettirildi, so‘ngra mufel pechida 323 K haroratda 10 soat davomida quritildi. Quritilgan aralashma kukun holatiga
keltirildi va 30 minut davomida 500° haroratda maxsus avtoklavda kalsinatsiya gilindi.

Olingan namunani identifikatsiyalash uchun zamonaviy fizik-kimyoviy tadgigot usullaridan foydalanildi. Kompozitning Raman-spektri
Bravo spektrofotometrida (Bruker, Germaniya) OPUS 8.1 dasturidan foydalangan holda tahlil gilindi.

Namunaning strukturaviy morfologiyasi Zeiss EVO MA skanerlovchi elektron mikroskopi (Carl Zeiss, Germaniya) va elementlar tarkibi
INCA Energy 300 (Oxford Instruments, Buyuk Britaniya) energiya dispersion spektrometri (EDX) yordamida amalga oshirildi.

Termogravimetrik (DTG) va differensial skanerlovchi kalorimetrik (DSC) tahlillar “Labsys evo SETARAM TG DTA DSK+1600”
(Setaram Instruments, Germaniya) sinxron termik tahlil qurilmasi yordamida amalga oshirildi.

Metilen ko‘kning miqdor tahlilida METASH UV-5100 UV-VIS spektrofotometridan (Shanghai Metash Instruments, Xitoy) foydalanildi.

Olingan natijalar muhokamasi. 1-rasmda Kkeltirilgan O-g-C3;N4/Fe,O; kompozit fotokatalizatorining Raman-spektrida bir qator
sohalardagi signallarni ko‘rish mumkin. 3000-3100 sm-! oraligda ancha keng polosa mavjud bo‘lib, u NH,,-NH, OH guruhlarning kollektiv
simmetrik va antisimmetrik tebranishlari tufayli yuzaga keladi. 1628,69, 1484,54, 1310,40 va 1232,21 sm-! hududlardagi cho‘qgqilar geterotsiklik
birikmalarning CN guruhiga tegishli tebranishlariga xosdir. 978,36 va 767,01 sm-! dagi cho‘qqilar triazin halqasining egilish tebranishlariga to‘g‘ri
keladi va 558,91 va 475,77 sm-! sohalardagi tebranishlarni Fe-O ta’sirlashuvlar bilan izohlanadi.
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1-rasm. O-g-C;N4/Fe,O; kompozit fotokatalizatori Raman spektri
Tadgigotlar doirasida sintez gilingan O-g-C3N4/Fe,O3 tarkibli kompozitning sirt morfologik va strukturaviy tahlili uchun skanerlovchi
elektron mikroskopiya va energiya dispersion spektroskopiya usullari qo‘llanildi.
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2-rasm. O-g-CsN4/Fe,O3 kompozit fotokatalizatorining mikrosuratlari: x1000 (A) x4000(B)

0-g-C3N4/Fe,05 kompozitning 1000 marta kattalashtirilgan mikrosuratida (2a-rasm) yuqori darajada aglomeratsiyalangan zarrachalar aniq
ko‘rinadi. Bunda O-g-C3sN,4 va O-g-C3sN4/Fe,O; zarrachalari bir biriga o‘xshash tartibsiz shakl va o‘lchamlarga egadir. 2b-rasm esa namunaning
4000 marta kattalashtirilgan mikrosurati bo‘lib, unda kompozit zarrachalari notekis, g‘adir —budur sirtga egaligi ko‘rinib turibdi. Bundan tashqari
kompozitning mikrosuratida kristall tuzilishli struktura borligi namoyon bo‘ladi, bu esa O-g-C3N, ning Fe,O3 bilan kompozit hosil gilganligidan
dalolat beradi. Kompozit tarkibiga Fe,O; Kiritilishi O-g-C3N4 ning sirt morfologiyasini keskin o‘zgartirishi tufayli uning fotokatalitik faolligini
yanada oshirishga zamin yaratadi.

IMG1(1st)
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3-rasm. O-g-C;N4/Fe,O5 fotokatalizatorida elementlarning targalish xaritalari
Barcha elementlar kompozit tarkibida (azot, uglerod, kislorod, temir, xlor) bir tekisda targalgan.
Quyida 4-rasmda kompozitning element tahlili keltirildi. Unga ko‘ra kompozit tarkibida 21,57% C, 66,14%N, 11,91% O, 0,26% ClI, 0,12%
Fe elementlari borligi aniglandi. Element tahlili natijasidan ma’lum bo‘ladiki, kompozit tarkibiga kislorod elementi dopirlangan hamda temir oksidi
bilan grafitsimon uglerod nitridi kompoziti hosil bo‘lgan. Kompozit tarkibida xlor atomiga xos signalning paydo bo‘lgani esa dastlabki prekursor
FeCl; dan kompozit tarkibiga dopirlanganini ko‘rsatadi.

250° ] Map_001_wholespockum
1u-m‘—%
st ]
10100 ] [E
000 s
&
|

o = T T T T
s »

ntonsty (Covnts]

10
Evagy V)

4-rasm. O-g-C3N4/Fe,O; fotokatalizatorining energiya dispersion spektri

5-rasm. Kompozit fotokatalizatorning termogravimetrik va skanerlovchi differensial kalorimetrik tahlili natijalari
Olingan kompozit birikmaning termik bargarorligini aniglash magsadida termogrametriya va skanerlovchi differensial kalorimetriya
tadqiqotlari o‘tkazildi [6]. Tadqiqotlar 20°C dan 1000°C gacha bo‘lgan harorat oralig‘ida amalga oshirildi. Dastlab 100-140°C oralig‘ida 7,4 %
massa yo‘qotilgan. Ushbu yo‘qotish namunaning namligi va kristallizatsion suvlarning chiqib ketishi bilan izohlanib, keng yelkali endoeffekt bilan
birgalikda sodir bo‘ladi. Navbatdagi kichik massa yo‘qotilishi (1,313%) 450-500°C oralig‘ida kuzatilib, u sezilarsiz termik destruksiya bilan
tushuntiriladi. 580-700°C oralig‘idagi o‘zgarishlar metall oksidlarining hosil bo‘lishi bilan bog‘liq. Bu oraliqda parchalanishning miqdori 6,296%
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ni tashkil etadi. 700°C haroratda namunaning organik gismining deyarli batamom termik parchalanishi hamda metall oksidining suyuqlanishi
kuzatiladi. Termogrammada 700°C dan keyin deyarli o‘zgarish kuzatilmaydi.

= em e ow ™ o® ™ w0 w0 no w0 %0

Telgh uauelg (o Tk uvlich (A e Todn sl e

6-rasm. O-g-CsN4/Fe,Os ishtirokida MK ning quyosh nuri ta’sirida fotodegradatsiyasining vaqtga bog‘ligligi. C\mik=10 mg/l (a), 20 mg/I
(b), 30 mg/I (S), Mkomp=10 Mg.
Kompozitning quyosh nuri ta’siridagi fotokatalitik faolligi turli konsentratsiyali metilen ko‘kiga (MK) nisbatan aniqlandi (5-rasm). MK
konsentratsiyaning o‘zgarishi spektrofotometrik usulda aniglandi [5].
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7-rasm. O-g-CsN4/Fe,Os3 ishtirokida MK ning quyosh nuri ta’sirida fotodegradatsiyasi kinetikasi. Cyix=10 mg/I (a), 20 mg/I (b), 30 mg/I
(S), Miomp=10 Mg.

Tadqiqotlarning ko‘rsatishicha, O-g-C3N4/Fe;Os ishtirokida 60 daqiga davomida quyosh nuri ta’sirida 10, 20 va 30 mg/l konsentratsiyali
MK ning destruksiyalanish darajasi mos ravishda 65, 35% va 10% ni tashkil etadi.

Xulosa. Shunda glib, melamin asosida olingan kislorod bilan dopirlangan grafitsimon nitridi (O-g-C3sN,) ni Fe,O;bilan modifikatsiyalanib,
yangi tarkibli O-g-C3N4/Fe,O3 kompoziti sintez qgilindi. O-g-CsN4/Fe,O3 kompozitining tarkibi va tuzilish xususiyatlari zamonaviy fizik-kimyoviy
tadgigot usullari yordamida tadqiq etildi. Yangi sintez gilingan kompozit fotokatalizator ko‘rinadigan yorug‘lik nurida fotokatalitik faollikka ega
ekanligi ko‘rsatib berildi.
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RESULTS OF CHEMICAL ANALYSIS OF THE QUANTITY OF PETROLEUM PRODUCTS IN GROUNDWATER USING THE
NEWLY IMPROVED GAS CHROMATOGRAPHIC METHOD (IN THE CASE OF THE ANGREN OIL TERMINAL)
Annotation
Origin of the problem: The article presents the analysis results of the gas-chromatographic method of determining the oil products in the

underground water taken from the observation wells located around the Angren oil terminal.

Purpose. Verification of a new improved gas chromatographic method for the study of the influence of Angren oil terminal wastewater on
groundwater. Scientific news. The amount and fraction composition of natural and waste water was analyzed using the gas-chromatographic method,
and it was found that the amount of oil products in the natural and waste water taken from the observation wells in the Angren oil field area did not
exceed the permissible standards. The results obtained. Natural and waste water taken from monitoring boreholes in Angren oil terminal area were
analyzed using gas chromatographic method and the effect on underground and surface water was assessed.

Key words: petroleum products, wastewater, gas chromatography (GX-MS), permissible standard.

PE3YJIBTATBI XUMHUYECKOI'O AHAJIN3A OIIPEJEJIEHUE KOJIMYECTBA HE®@TEINPOJAYKTOB B IIOI3EMHBIX BOJIAX
C UCIIOJIb30OBAHHUEM HOBOI'O YCOBEPIIEHCTBOBAHHOI'O 'A30OXPOMATOI'PA®UYECKOI'O METOJA (HA
MNPUMEPE AHI'PEHCKOI'O HE®TSIHOI'O TEPMUHAJIA)

AHHOTaIUA
Hsyuenue npobnemvi: B craThe mpencTaBlIeHBl pe3yibTaThl aHAIM3a Tra30XpoMarorpaduyeckoro Merona ompenencHus HedTenpomayKToB B
HOJ3EMHBIX BOJAX, OTOOPAHHBIX W3 HAONIOJATENbHBIX CKBAKMH, PACIHOJOKEHHBIX BOKPYr AHIPEHCKOro HEe(TAHOro TepMHuHana. [lens.
Bepuduxaiust HOBOro yCOBEPILICHCTBOBAHHOIO Ia30XpoMaTorpad)M4eckoro MeToja HCCIENOBAHMS BIMSAHHSA CTOYHBIX BOJA AHIPEHCKOrO
He(TSHOTO TepMUHAJIA Ha TTOJ3EMHBIE BOABL. Hayunvie nosusna. IIpoBeneH aHAIIN3 KONMNYECTBA U (DPAKIIOHHOTO COCTaBA IPUPOAHBIX U CTOYHBIX
BOJI ra30XpOMaTOrpapuueckuM METOOM M YCTAaHOBJICHO, YTO KOJIMYECTBO HE(TENPOAYKTOB B MPUPOAHBIX M CTOYHBIX BOAAX, OTOOPAHHBIX M3

HaOII0/IaTeNbHBIX CKBAKUH B palloHe AHIPEHCKOT0 He(TSIHOTO MECTOPOXK/ICHHS, HE MPEBBIIIAIO TOMYCTUMBbIC HOPMBI.

Ionyuennvie pesymvmamoi. IIpUpoTHEIE U CTOYHBIE BOJIBI, OTOOpPAHHBIC W3 MOHHTOPHHIOBBIX CKBaXXHMH B pailoHe AHTpeHCcKoro HedTebassl,
POaHATM3UPOBAHBI METOZOM Ta30BOi XpoMaTorpauy 1 OLEHEHO BIMSHHUE HA MO3EMHbIC U TOBEPXHOCTHBIC BOJIBI.

KuroueBbie ciioBa: HehTEPOIYKTHI, CTOUHBIE BOJbI, Ta30Bas xpoMarorpadus (GX-MS), npenenbHO JOMycTHMAasi HOpMa.

YER OSTI SUVLARI TARKIBIDA NEFT MAHSULOTLARI MIQDORINI YANGI TAKOMILLASHTIRILGAN GAZ-
XROMATOGRAFIK USUL YORDAMIDA KIMYOVI1Y TAHLIL QILISH NATIJALARI(ANGREN NEFT TERMINALI
MISOLIDA)

Annotatsiya
Muammoning kelib chigishi: Magolada, Angren neft terminali atrofida joylashgan kuzatuv burg‘u quduglaridan olingan yer osti suvlari tarkibida
neft mahsulotlarini aniglashning gaz-xromatografik usulining tahlil natijalari keltirilgan. Magsad. Angren neft terminali chigindi suvlarining yer

osti suvlariga ta’sirini o‘rganish maqgsadida yangi takomillashtirilgan gaz-xromatografik usulni verifikatsiya gilish.

llmiy yangiligi. Tabiiy va ogava suvlar tarkibida neft mahsulotlari migdori va fraksiya tarkibi gaz-xromatografik usul yordamida tahlil gilindi
hamda Angren neft nerminali hududidagi kuzatuv burg‘u qudugqlaridan olingan tabiiy va oqava suvlar tarkibida neft mahsulotlarining miqdori
ruxsat etilgan me’yorlardan oshmaganligi aniqlandi. Olingan natijalar. Angren neft terminali hududidagi kuzatuv burg‘u quduglaridan olingan
tabiiy va ogava suvlar gaz-xromatografik usul yordamida tahlil qilinib yer osti va yer usti suvlariga ta’siri baholangan.

Kalit so‘zlar: neft mahsulotlari, ogava suvlar, gaz-xromatografiya (GX-MS), ruxsat etilgan me’yor.

Kirish. Ohangaron tumani respublikamizning eng rivojlangan sanoat zonalaridan hisoblanadi. Ma’muriy jihatdan o‘rganilayotgan hudud
Toshkent viloyatining Ohangaron tumaniga tegishli. Angren shahrining o°‘zi Toshkentdan 110 km janubi-shargda joylashgan. Shahar poytaxt bilan
temir yo‘l va “Buyuk ipak yo‘li” halqaro avtomobil yo‘lining bir qismi sifatida keyingi yillarda jadal rekonstruksiya qilinayotgan Toshkent-
Farg‘ona vodiysi avtomobil yo‘li orqali bog‘langan. Bu yerda bir nechta o‘nlab kon metallurgiya, energetika, mashinasozlik, qurilish materiallari,
kommunal xo‘jaligi va boshqa korxonala faoliyat yuritadi. Shu bilan birga barcha tutash hududlarda argosanoat majmualari, gishloq xo‘jaligi
ekinlarini yetishtirish va qayta ishlash rivojlangan. O‘rganilayotgan hudud yetarli darajada suv resurslariga ega. Biroq so‘nggi Yyillarda ayrim
hududlarda yer osti va usti suvlari sifatining buzilishi kuzatilmoqda. Bu esa sanoat korxonalari, shahar xo‘jaliklari va boshqgalardan yetarli darajada
tozalanmagan oqava suvning chiqish hajmining oshishi bilan bog‘liq [1].

Angren neft terminali hududi murakkab gidrogeologiya va muhandis geologik sharoitlar bilan ajralib turadi. Angren neft terminali
hududida va hudud atrofida kuzatuv burg‘u quduglari joylashgan bo‘lib, yer osti suvlarini ifoslanishini monitoring qilib turish magsadida namunalar
olinadi. Neft baza hududida 12 ta neft tankerlari, bir necha o‘nlab neft saqlash baklari mavjud. Neft mahsulotlari quyish, tashish va ularni saqlash
vagqtida sodir bo‘ladigan har qanday to‘kilishlar yer osti suvlarini neft mahsulotlari bilan ifloslanishiga sabab bo‘ladi [1].

Shunday ekan, suv resurslarini ifloslanishini monitoring gilish ularni oldini olishda eng muhim chora tadbir hisoblanadi. 2015-2017
yillarda olib borilgan ilmiy izlanishlar davomida terminal hududidagi yer osti suvlarida neft mahsulotlari bilan ifloslanish kuzatilgan. Ifloslanishni
oldini olish magsadida “Angren neft bazasi hududidagi yer osti suvlarining neft bilan ifloslanishini bartaraf etish va oldini olish chora tadbirlari”
dasturi asosida mavjud janubiy drenaj joylashgan joyda to‘siq (6 metr chuqurlikda yomon suv o‘tkazuvchan jinslardan tashkil topgan yer osti
suvlarini va neft mahsulotlarini to‘plab qoladigan diametri 1 metr. Uzunligi 400 metr bo‘lgan g‘arbga qiyalikli teshikli drenaj (barraj) trubasi
o‘rnatilgan. U yerda yig‘ilgan neft mahsulotlari mahsus quduqqa yig‘ilib, talablar asosida tozalanib Dukentsoyga oqizilgan [1].
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Hozirgi vaqtda suvda neft va uning gayta ishlash mahsulotlari mavjudligini nazorat gilish uchun suvdan davriy ravishda namuna olish va
uni kimyoviy tahlil gilish muhim ahamiyatga ega. Mamlakatimizda tabiiy va ogava suvlar tarkibida neft mahsulotlarini migdorini aniglashning 3
ta tasdiqlangan uslubiyati mavjud bo‘lib [2,3], 1-jadvalda attestatsiya qilingan milliy uslubiyatlar tavfsiflari ko‘rib chiqilgan.
1-jadval. Attestatsiya gilingan xorijiy uslubiyatlar tavfsiflari.

Uslubiyat Tahlil turi Ob’yekt Aniqlanadigan ko ‘rsatgich Diapazon Xatolik
0,05 dan 10,0 mg/dm?

RD 118.3897485.13- S . i Qutbsiz va kam qutbli | suvda, i o

Fluorimetrik OxkaBa cyB Ba TyNpoK organik birikmalar 05 dan 20,0 gkg +40 dan +2,0 %

tuprogda

0’z 0’U 0697:2015 Gravimetrik Tabiiy va ogava suvlar mesjz va kam  qutbli 0,3 dan 10,0 mg/dm?® Keltirilmagan

i organik birikmalar ' !
L, . . . . Qutbsiz va kam qutbli 3 .
0’z0’U 0791:2019 Gravimetrik Tabiiy va ogava suvlar organik birikmalar 0,1 dan 100 mg/dm Keltirilmagan

Xorijiy uslubiyatlar orasida suvda neft mahsulotlarini aniglashning 10 dan ortiq uslubiyatlari mavjud bo‘lib [4-6] (2-jadval), ular orasida
eng keng targalgan usuli bu — 1Q-spektrometrik va gaz-xromatografik usulidir.
2-jadval. Attestatsiya gilingan xorijiy uslubiyatlar tavfsiflari.

Uslubiyat Tahlil turi Ob'yekt Aniglanadi Diapa Xatolik
gan ko ‘rsatgich zon
PND F 14.1:2:4.5-95 1Q-spektrometrik ICh.'m"k' ogava va yer Qutbsiz organik birikmalar 0.05 Sdan 50 Keltirilmagan
usti suvlari mg/dm
PND F 14.1:2.116-97 Gravimetrik Tabiiy va ogava suvlar Qutbsiz organik birikmalar &S/dmfa” 50 20-25%
" Tabiiy, ichimlik va Alifatik, aromatik va 0.02 dan 20 o
MYK 4.1.1013-01 1Q-spektrometrik tozalangan ogava suvlar | alitsiklik uglevodorodlar mg/dm? 20-23%
" P " Alifatik, aromatik va 0.05 dan 50 Keltirilmagan
Davst 51797-2001 1Q-spektrometrik Ichimlik suvi alitsiklik uglevodorodlar mg/dm? Keltirilmagan
. " Alifatik, aromatik va o
PND F 16.1.41-04 Gravimetrik Tuproq alitsiklik uglevodorodiar 0.2 dan 50 g/kg 40-52%

Tahlil uchun namuna olish. Neft bilan ifloslangan suvlardan namuna olish, saglash va transportirovka gilish uchun toza yuvilib quritilgan,
hajmi 0,25-1,0 dm?® bo‘lgan shisha idishga olinadi. Idishning massasi 5g aniqlikda o‘Ichab olindi. Olingan namunadan idish massasi ayirilib namuna
massasi topildi. Namunani og‘zi yopiq idishda 8 soat, xarorat 10°C bo‘lganda 1 sutka hamda 5°C dan yuqori bo‘lmagan haroratda 4 sutka saqlash
mumkin. Namunani shu vaqt oralig‘ida tahlil gilish imkoni bo‘lmaganda namuna konsentrlangan sulfat kislota bilan pH=2 bo‘lguncha har 0,5 dm*
namunaga 1 smé solib konservatsiya gilindi.

Tahlil bosgichi va natijalari. Hozirgi kunda neft terminali faoliyat yuritmayotganiligi sababli, terminal hududidan namuna olish
imkoniyati mavjud emas. Shuning uchun terminal atrofidagi mavjud kuzatuv quduglaridan suv namunalari olinib yangi takomillashtirilgan gaz-
xromatgrafik usul yordamida tahlil qilindi [7].

Sinov uchun olib kelingan suv namunasidan 0,5-1,0 dm?® o‘lchov kolbasi yordamida o‘lchab olib, pH<2 bo‘lguncha zichligi 1,19 g/sm®
bo‘lgan xlorid kislota solindi. Keyin 50 sm® xloroform solib magnit aralashtirgichga qo‘yib 10 daqiqa davomida aralashtirildi. Aralashtirish
davomida suvli va xloroformli organik gatlam alohida ajralib goladi. 15 dagigadan keyin aralashmani 500-700 sm® hajmli ajratuvchi voronka
yordamida organik gatlamni boshka og‘zi mahkam yopiladigan oldindan quritish shkafida 105°C da 2 soat davomida quritilib massasi tortilgan
kolbaga ajratib olindi. Qolgan suvli gatlamni yana gayta kolbaga solib 20 sm® xloroform solib 2 marta ekstraksiya gilindi va ajratuvchi voronka
yordamida xloroformli organik gatlamni birincha marta ajratib olingan organik gatlam solingan kolbaga ajratib olindi. Neft mahsulotlarini aniglash
Agilent Technologies 6850 markali mass-spekrometrik detektorli gaz-xromatograf yordamida bajarildi. Maksimal ish harorati 300 °C kam
bo‘lmagan silikon fazali xromatografik kapillyar kolonkali, ichki diametri 0,32 dan 0,53 mm gacha, uzunligi 5 dan 30 m gacha, harakatsiz fazaning
plyonka qalinligi 0,25 dan 1,2 mikrongacha. Namuna quyish tizimini to‘g‘ridan-to‘g‘ri xromatografik ustunga ishlatganda, uzunligi taxminan 2 m
va ichki diametri 0,53 mm bo‘lgan oldingi kolonkadan foydalanildi (3-jadval).

3-jadval. Neft mahsulotlarining alanga-ionizatsion detektorli gaz-xromatografik usulda aniglash natijalari

T [ Namuna shifri [ Neft mahsulotlari migdori, mg/dm? [ s [s
0’z DSt 950:2011 REM=0,1 mg/dm?

1 Namuna-1 0,07 0,006 0,039
2 Namuna-2 0,04 0,002 0,048
3 Namuna-3 0,04 0,002 0,032
4 Namuna-4 0,02 0,001 0,043
5 Namuna-5 0,03 0,003 0,048
6 Namuna-6 0,02 0,001 0,042
7 Namuna-7 0,04 0,002 0,039
8 Namuna-8 0,06 0,002 0,036
9 Namuna-9 0,05 0,001 0,021
10 Namuna-10 0,07 0,003 0,028

1-rasmda namunalar tarkibidan ajratib olingan hamda mass-spektrometrik detektorli gaz-xromatografiya usuli yordamida aniglangan neft
mahsulotlari fraksiyalari xromatogrammasi keltirilgan.
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1-rasm. Namunalar tarkibidan ajratib olingan neft mahsulotlarining fraksiya tarkibi xromatogrammasi.
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Tahlil natijalariga asosan, gaz-xromatografik usul yordamida neft bilan ifloslanmagan suvlarda neft mahsulotlarini juda kichik (>0.02
mg/dm®) giymatlarda ham identifikatsiya qilish imkoniyatiga ega ekanligi ko‘rish mumkin. Usul yuqori darajada aniglik, selektivlik va
aniglanadigan konsentratsiya chegarasining pastligi bilan tavsiflanadi.

Xulosalar.

1.Yangi takomillashtirilgan mass-spektrometrik detektorli gaz-xromatorgafik usul yordamida birinchi marta Angren neft terminali
hududidagi va monitoring quduglaridagi suv namunalari tarkibidagi neft mahsulotlari fraksiyalari identifikatsiya gilindi.

2.Tahlil natijalariga asosan, terminal atrofida mavjud quduglardan olingan suv namunalarida neft mahsulotlari migdori ruxsat etilgan
me’yorlardan (0,1 mg/dm®) oshmaganligi kuzatish mumkin.

Takomillashtirilgan usul neft bilan ifloslanmagan suvlarda neft mahsulotlarini juda kichik (>0.02 mg/dm?®) giymatlarda ham identifikatsiya
qilish imkoniyatiga ega ekanligi ko‘rish mumkin. Usul yuqori darajada aniqlik, selektivlik va aniglanadigan konsentratsiya chegarasining pasligi
bilan tavsiflanadi. Ishlab chigilgan usul real obyektlarda tahlil gilinganda mavjud standart usul fluorimetrik usuli bilan solishtirilgan holda amalga
oshirildi hamda usulning nisbiy standart chetlanish 0,048 dan oshmasligi isbotlangan.
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IMPROVING SPECTROPHOTOMETRIC ANALYSIS METHODS FOR CADMIUM AND MERCURY AND THEIR APPLICATION
IN ENVIRONMENTAL OBSERVATION
Annotation

The detection and quantification of heavy metal ions, specifically cadmium (Cd*") and mercury (Hg?"), are critical for effective environmental
monitoring due to their toxicity and bioaccumulative properties. This study focuses on the enhancement of spectrophotometric methods for the
sensitive and selective detection of these ions in environmental samples. By employing thiol-based ligands for cadmium and gold nanoparticle
(AuNP)-functionalized reagents for mercury, the detection limits were significantly improved, reaching 0.1 pg/L for cadmium and 0.05 pg/L for
mercury. Solid-phase extraction (SPE) was utilized to minimize matrix interferences and enhance accuracy in complex environmental matrices.
The results demonstrate the potential of these optimized methods for routine use in monitoring industrial effluents, water sources, and soil
contamination. While promising, the study identifies the need for further refinement of sample preparation techniques and reagent scalability to
make these methods more accessible and efficient for large-scale environmental monitoring applications.

Key words: Cadmium, Mercury, Spectrophotometry, Solid-phase extraction, Gold nanoparticles, Thiol-based ligands, Environmental monitoring,
Heavy metal detection, Analytical chemistry, Nanomaterials.

COBEPHIEHCTBOBAHHUE METOJIOB CIIEKTPO®OTOMETPUYECKOI'O AHAJIN3A KAIMUSI U PTYTH U UX
NPUMEHEHUE ITPU HABJIIOJIEHUH 3A COCTOSTHUEM OKPYKAIOIIENA CPE/IbI
AHHOTaIUsS

OO6HapyXeHHE U KOTMIECTBEHHAs OLIEHKA HOHOB TSDKENBIX METAIUIOB, B yacTHocTH Kaamust (Cd2Y) u prytu (Hg2*), umeroT pemraoiiee 3Ha4eHUE
st 9 HEKTUBHOrO MOHHUTOPUHTA OKPY)XKAIOLIEH Cpelbl M3-3a MX TOKCHYHOCTH M CIOCOOHOCTH K OHOAKKyMyJsuuu. JlaHHOe HcCiemoBaHHe
HaIlpaBJIeHO Ha COBEPLICHCTBOBAHUE CIIEKTPO(OTOMETPHUUECKUX METONOB I UyBCTBHTEIHLHOTO M CEIEKTUBHOTO OOHApY)KEHHS ITHX HOHOB B
obpasiax okpyxKaroleit cpezsl. biarogaps HCIIONb30BaHUIO JIMTAHA0B HA OCHOBE THOJIA IJI1 KaJMUs U PEareHTOB Ha OCHOBE HAHOYACTHI] 30J10Ta
(AuNP) mst omnpesienieHust pTYTH mpenesbl 0OHAPYKEeHHs ObUTH 3HAYUTENHHO YiTydiieHsl, 1ocTurayB 0,1 Mkr/m mis kaamust u 0,05 Mkr/m mst
pTyTH. J{I MUHIMH3AI[MA MaTPHIHBIX IOMEX U MOBBIMIEHHS] TOYHOCTH B CJIOXKHBIX SKOJOTHYECKHX MaTpUIax ObLIa HCIIOIb30BaHa TBepRodasHast
okcrpaknust (SPE). PesympTaTel IeMOHCTpUPYIOT HOTEHIMAl ATHX ONTHMHM3UPOBAHHBIX METONOB [JIsI PYTHHHOTO HCIONB30BAHHS IpU
MOHUTOPHHIE IPOMBIIUICHHBIX CTOYHBIX BOJ, HCTOYHHMKOB BOIbI U 3arpsi3HeHUs] MO4BbL. HecMOTpss Ha MHOTOOOEIIAIOMUH XapakTep
HCCIIEIOBaHNs, OHO YKa3blBaeT Ha HEOOXOJMMOCTh NANbHEHIIEro COBEpPIICHCTBOBAHHS METOIOB IPOOONOATOTOBKH M MacIITabHpyeMOCTH
pEareHToB, YTOObI clIeTaTh 3TH METOIbI 0ojIee JOCTYIHBIMH U 3()(HEKTHBHBIMU AT KPYITHOMACIITAOHOIO MOHUTOPUHTA OKPYXKaIOIeH cpembl.
Karouessbie ciaoBa: Kammuii, Pryts, Cnektpodoromerpusi, TBepaodasnas skcrpakius, Hanodactuipl 3010Ta, JIMranasl Ha OCHOBE THOINA,
MoHunTOpHHT OKpyKatomel cpensl, OOHapyKeHHE TSDKENIBIX METAUIoB, AHAIUTHYeCKast XiuMus, HaHoMaTepuaIst

KADMIY VA SIMOB UCHUN SPEKTROFOTOMETRIK TAHLIL USULLARINI TAKOMILLASHTIRISH VA ULARNI ATROF-
MUHITNI KUZATISHDA QO'LLASH
Annotatsiya

Og'ir metall ionlarini aniglash va migdorini aniglash, xususan kadmiy (Cd2) va simob (Hg2), ularning toksikligi va bioakkumulyativ xususiyatlari
tufayli samarali ekologik kuzatish uchun juda muhimdir. Ushbu tadgiqot atrof-muhit namunalarida ushbu ionlarni sezgir va tanlab aniglash uchun
spektrofotometrik usullarni takomillashtirishga garatilgan. Kadmiy va oltin nanopartikullari uchun tiol asosidagi ligandlarni go'llash orgali (AuNP)-
simob uchun funktsional reaktivlar, aniglash chegaralari sezilarli darajada yaxshilanib, kadmiy uchun 0,1 va simob uchun 0,05 va simob uchun
0,05 g/L ga etdi. Qattiq fazali ekstraktsiya (SPE) matritsaning aralashuvini minimallashtirish va murakkab ekologik matritsalarda aniglikni oshirish
uchun ishlatilgan. Natijalar sanoat ogava suvlari, suv manbalari va tuprogning ifloslanishini kuzatishda muntazam foydalanish uchun ushbu
optimallashtirilgan usullarning imkoniyatlarini namoyish etadi. Tadgiqot istigbolli bo'lsa-da, ushbu usullarni keng ko'lamli ekologik monitoring
dasturlari uchun yanada qulayrog va samaralirog gilish uchun namunalarni tayyorlash texnikasi va reaktivlarning o'lchovliligini yanada
takomillashtirish zarurligini aniglaydi.

Kalit so‘zlar: Kadmiy, simob, spektrofotometriya, gattiq fazali ekstraktsiya, Oltin nanopartikullar, tiol asosidagi ligandlar, ekologik monitoring,
og'ir metallarni aniglash, analitik kimyo, nanomateriallar

Introduction. In the development of the chemical industry in our republic, special attention is paid to the creation of simple and affordable
methods for detecting mercury and cadmium ions from the composition of technoligic objects. On the basis of the implemented software measures,
certain achievements have been made in this direction, in particular, comprehensive work is being carried out on the qualitative and quantitative
determination of cadmium and mercury in the composition of technological waters, ores, waste products. The new Uzbekistan development strategy
defines the tasks of "rapid development of production of high value-added finished products on the basis of industrial, scientific, modernization of
production, technical and technological updating, deep processing of local raw materials resources in ensuring the proportionality and stability of
the national economy."” The implementation of the tasks set out in the decision of the president of the Republic of Uzbekistan on June 24, 2021 PD-
5159 "on additional measures for the development of the mining and metallurgical industry and related industries™ forms the basis of our research[1].
The contamination of the environment by heavy metals, particularly cadmium (Cd) and mercury (Hg), has become a critical global issue due to
their toxicity, persistence, and bioaccumulative properties. According to a report by the World Health Organization (WHO), exposure to cadmium
and mercury is responsible for a significant proportion of health-related issues worldwide, with over 10% of the global population potentially
affected by mercury poisoning due to consumption of contaminated food and water. Additionally, it is estimated that cadmium exposure has
contributed to kidney dysfunction in approximately 5% of populations in industrialized regions. The increase in industrial activities, such as mining,
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manufacturing, and waste management, has exacerbated the release of these metals into soil, water, and air, with global mercury emissions reaching
approximately 2,000 metric tons annually[2].

Given the severe health risks associated with cadmium and mercury exposure, accurate and sensitive detection methods are vital for
environmental monitoring and public health protection. Spectrophotometric analysis, a commonly employed technique, offers advantages such as
simplicity and cost-effectiveness. However, the detection limits of traditional spectrophotometric methods are often insufficient for identifying
trace levels of cadmium and mercury, which are typically found in concentrations as low as 0.5 to 5 pg/L in contaminated water sources.
Furthermore, environmental samples often contain complex matrices that can interfere with the accuracy of spectrophotometric measurements.

This paper aims to address these challenges by exploring advancements in spectrophotometric techniques for the precise detection of
cadmium and mercury ions. By improving reagents and optimizing analytical procedures, the sensitivity and selectivity of these methods can be
significantly enhanced. Additionally, the application of these improved methods in environmental monitoring is examined, with a focus on their
role in mitigating the global impact of heavy metal pollution.

Literature review. The detection and quantification of heavy metal ions such as cadmium (Cd) and mercury (Hg) have been the subject
of extensive research due to their toxicological and environmental significance. Tanaka et.al.(2012) numerous analytical methods have been
developed over the past decades, ranging from electrochemical techniques to atomic absorption spectrometry (AAS), inductively coupled plasma
mass spectrometry (ICP-MS), and spectrophotometric methods. Among these, spectrophotometry has gained widespread application due to its cost-
effectiveness, simplicity, and capability for rapid detection [3].As well as,studies by Li,W, Zhang and colleagues The accurate detection and
quantification of heavy metal ions, particularly cadmium (Cd?*) and mercury (Hg?*), have long been the focus of scientific inquiry due to the
profound toxicological risks they pose to ecosystems and human health. These metals, even at trace levels, can lead to severe bioaccumulation,
resulting in chronic diseases, neurological damage, and environmental degradation. Accordingly, the development of analytical methods capable
of detecting low concentrations of these ions has garnered significant attention. Among the various techniques employed, spectrophotometry has
maintained a prominent position due to its operational simplicity, cost-efficiency, and relatively quick processing times. However, its application
to heavy metal analysis, particularly in complex environmental matrices, has been fraught with challenges related to sensitivity, selectivity, and
matrix interferences. This review critically examines the evolution of spectrophotometric methodologies in the context of cadmium and mercury
ion detection, highlighting advances in reagent chemistry, sample preparation techniques, and their practical implications for environmental
monitoring[4]. Early spectrophotometric methods for heavy metal detection relied on colorimetric reactions, where specific reagents form colored
complexes with metal ions, allowing for quantification based on absorbance measurements. For cadmium, reagents such as dithizone have been
widely used, while for mercury, diphenylcarbazone has been a standard reagent for complex formation. Although these methods provide an
accessible means of analysis, their sensitivity often falls short, especially when detecting trace concentrations of heavy metals in complex
environmental samples..In response to the limitations of early methods, significant advances have been made in the development of more selective
and sensitive reagents. Studies by Chen and colleagues (2015) introduced a novel class of chelating agents for cadmium detection, which improved
sensitivity by enhancing the complexation with Cd?* ions. These reagents allowed for LODs as low as 0.1 pg/L, a substantial improvement over
traditional reagents.[5] Similarly, for mercury detection, Jiang et al. (2016) demonstrated the efficacy of using gold nanoparticles functionalized
with thiol-based ligands, achieving LODs in the nanogram per liter range. This advancement highlighted the potential of nanotechnology to
revolutionize spectrophotometric analysis, offering higher selectivity and lower detection limits[6].

One of the primary challenges in spectrophotometric analysis is the interference from other ions and compounds present in environmental
samples. Patel et al. (2017) reported that matrix effects, such as the presence of organic matter or competing metal ions, significantly impacted the
accuracy of cadmium detection, often leading to false positives or diminished sensitivity[7]. To mitigate these issues, several studies have focused
on sample preparation techniques and matrix modification. For example, Zhang et al. (2018) utilized solid-phase extraction (SPE) to isolate
cadmium and mercury from complex matrices, improving the accuracy of detection in polluted water samples[8].Spectrophotometric methods,
particularly those enhanced by new reagents and sample preparation techniques, have proven useful in a variety of environmental monitoring
applications. According to Kumar et al. (2019), these methods have been successfully applied in monitoring cadmium and mercury levels in
industrial effluents, groundwater, and seawater. Their study demonstrated that the optimized spectrophotometric methods, coupled with solid-phase
extraction, provided accurate results even in the presence of high levels of organic contaminants[9]. Similarly, Ahmed and coworkers (2020) applied
these methods to assess mercury contamination in agricultural soils, confirming their effectiveness in detecting low concentrations of heavy
metals[10].Despite the progress in enhancing spectrophotometric techniques, several limitations remain. The sensitivity of spectrophotometric
methods, while improved, still lags behind more advanced techniques like ICP-MS or AAS in terms of trace-level detection. Additionally,
environmental factors such as pH, temperature, and salinity can influence the results, necessitating further refinement of the methods. Future
research should focus on developing more robust reagents and exploring the integration of spectrophotometric techniques with advanced sample
processing technologies, such as microextraction and preconcentration methods, to further improve sensitivity and applicability in diverse
environmental conditions.The foundation of spectrophotometric techniques for heavy metal analysis lies in the formation of colored complexes
between the metal ions and specific chromogenic reagents. Historically, reagents such as dithizone for cadmium and diphenylcarbazone for mercury
were widely used, with their colorimetric reactions serving as the basis for quantification. Despite their widespread application, these traditional
methods exhibited inherent limitations in terms of sensitivity and specificity. For instance, Singh et al. (2008) demonstrated that dithizone-based
methods, although effective in detecting cadmium in concentrations above 10 pg/L, failed to reliably quantify lower concentrations, a significant
drawback for regulatory compliance in environmental monitoring, where cadmium levels below 5 ng/L are considered critical[11].In response to
these limitations, substantial research efforts have been directed toward improving the sensitivity and selectivity of spectrophotometric assays.
Notably, Jones et al. (2011) introduced a modified approach using phenylthiosemicarbazide as a ligand for cadmium detection, achieving a reduction
in the detection limit to 2 pg/L[12]. Similarly, Meyer et al. (2013) optimized mercury detection by employing diethyldithiocarbamate (DDTC) as
a complexing agent, thereby enhancing both the sensitivity and selectivity of the assay. These innovations marked a significant step forward, yet
the inherent constraints of spectrophotometric methods persisted, particularly in the context of environmental samples characterized by high matrix
complexity[13].Recent advancements in the field of reagent chemistry have sought to address the aforementioned challenges by developing novel
chelating agents and chromophores with superior binding affinities for cadmium and mercury ions. Chen et al. (2015), for example, synthesized a
class of thiol-functionalized ligands capable of forming highly stable complexes with Cd?*, enabling detection limits as low as 0.1 pg/L. This
marked a considerable improvement over traditional reagents, particularly in terms of reducing interference from competing metal ions such as
zinc (Zn*") and lead (Pb?"), which have historically plagued spectrophotometric assays[5]. Similarly, Jiang et al. (2016) demonstrated the efficacy
of gold nanoparticle (AuNP)-based reagents functionalized with thiolated ligands for mercury ion detection. Their work highlighted not only the
enhanced sensitivity afforded by nanomaterials but also the capacity for real-time, in-situ analysis, a significant advantage for field-based
environmental monitoring[6].Nanotechnology has emerged as a transformative tool in spectrophotometric analysis, with numerous studies
exploring the potential of nanoparticles to improve both the sensitivity and selectivity of metal ion detection. For instance, Sharma et al. (2017)
utilized silver nanoparticles (AgNPs) to enhance the spectrophotometric response to cadmium ions, achieving detection limits below 0.05 pg/L.
The plasmonic properties of AgNPs allowed for amplified optical signals, thus overcoming the low sensitivity of traditional spectrophotometric
methods. While these innovations represent a significant leap forward, the practical implementation of such techniques in routine environmental
monitoring remains limited by factors such as reagent stability, cost, and reproducibility[14].One of the most persistent challenges in
spectrophotometric heavy metal analysis is the issue of matrix interference. Environmental samples, particularly those derived from industrial
effluents, natural water bodies, or soils, often contain complex mixtures of organic and inorganic substances that can interfere with the detection of
target metal ions. Patel et al. (2017) reported that organic matter, humic substances, and competing ions such as iron (Fe**) and manganese (Mn?")
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significantly hindered the detection of cadmium and mercury in water samples, resulting in both false positives and diminished assay
sensitivity[7]. To mitigate these effects, significant advancements have been made in sample preparation techniques aimed at isolating the target
ions from interfering species. Zhang et al. (2018), for example, demonstrated the efficacy of solid-phase extraction (SPE) for preconcentrating
cadmium and mercury ions prior to spectrophotometric analysis. By employing selective adsorbents, such as chelating resins and ion-exchange
materials, the authors were able to enhance the signal-to-noise ratio, resulting in more accurate and reliable measurements[8]. Garcia and co-authors
(2019) further refined these methods by incorporating microextraction techniques, which allowed for the efficient separation of target ions with
minimal sample volume, reducing both reagent consumption and analysis time[15.

Methodology. In this study, spectrophotometric analysis was conducted to determine cadmium (Cd?) and mercury (Hg?") ion
concentrations in environmental samples. The analysis involved the use of thiol-based ligands for Cd*" detection and gold nanoparticle-
functionalized reagents for Hg?* detection. Samples were collected from industrial effluents and natural water sources. Prior to analysis, solid-phase
extraction (SPE) was employed to preconcentrate metal ions and reduce matrix interferences. Spectrophotometric measurements were performed
at the respective absorbance maxima for Cd*" and Hg?* complexes using a UV-Vis spectrophotometer. Calibration curves were established using
standard solutions, and detection limits were determined to assess method sensitivity. While notable progress has been made in improving the
sensitivity, selectivity, and applicability of spectrophotometric methods for heavy metal ion detection, several limitations remain. Chief among
these is the continued susceptibility of these methods to matrix interference, particularly in highly complex environmental samples. Moreover,
while nanomaterial-based reagents have shown promise, their widespread adoption is hampered by issues related to reagent stability,
reproducibility, and cost. Future research should focus on developing more robust and cost-effective reagents, as well as integrating
spectrophotometric techniques with more advanced preconcentration and microextraction technologies. Additionally, the exploration of automation
and real-time monitoring systems presents a promising avenue for enhancing the practical utility of spectrophotometric methods in environmental
monitoring.

Results.

1. Cadmium lon Detection

Spectrophotometric analysis for cadmium ions (Cd?*") was performed using a thiol-based ligand, resulting in the formation of a [Cd-L]
complex with a maximum absorbance at 520 nm. The calibration curve established using standard solutions of cadmium ions exhibited a linear
relationship between concentration and absorbance (R? = 0.998). Detection limits for cadmium were determined to be as low as 0.1 pg/L, with
minimal interference from competing ions such as Zn?* and Pb*".

The chemical reaction for cadmium complex formation is represented as follows:

Cdy++2L—[CdL,]

Where LLL represents the thiol-based ligand.

2. Mercury lon Detection

For mercury ion (Hg?") detection, gold nanoparticle (AuNP)-functionalized reagents were utilized. The reaction between Hg?* and the
thiol-functionalized AuNPs led to a colorimetric change, which was quantified at an absorbance maximum of 420 nm. The sensitivity of this method
allowed for the detection of mercury at concentrations as low as 0.05 pg/L. The calibration curve for mercury detection also exhibited strong
linearity (R = 0.995).

The complexation reaction for mercury can be described by the following equation:

Hg-++2RSH—[Hg(SR),]+2H+

Where RSHRSHRSH represents the thiol group attached to the AuNPs.

3.Table of Results

The table below summarizes the detection limits and linear ranges for cadmium and mercury ions obtained through spectrophotometric

analysis:
|Metal lon HDetection Method ||Detection Limit (ug/L)HLinear Range (pg/L)HAbsorbance Max (nm)l
[Cadmium (Cd?>")|[Thiol-based ligand complex|[0.1 |lo.1—50 |l520 |
[Mercury (Hg>") |[AuNP-thiol complex |[0.05 |[0.05 - 40 |l420 |
1 Table.

Discussion. The spectrophotometric methods employed in this study for the detection of cadmium (Cd?*) and mercury (Hg?") ions
demonstrate significant improvements in sensitivity and selectivity compared to traditional approaches. The use of thiol-based ligands for cadmium
and gold nanoparticle (AuNP)-functionalized reagents for mercury proved effective in enhancing the detection limits to 0.1 pg/L and 0.05 pg/L,
respectively. These detection thresholds are well within the required range for environmental monitoring, particularly in contexts where trace levels
of heavy metals pose significant ecological and public health risks.

The cadmium detection methodology, utilizing a [Cd-L] complex, showed minimal interference from other common metal ions such as
zinc (Zn*") and lead (Pb*"), which are often found in polluted water sources. This highlights the selectivity of the thiol-based ligands, which
preferentially bind with Cd?* ions. Previous studies by Singh et al. (2008) reported significant interference from competing ions in traditional
spectrophotometric methods, emphasizing the value of this ligand-based approach in reducing false positives and improving accuracy in complex
environmental matrices[11].

For mercury, the use of thiol-functionalized AuNPs not only improved sensitivity but also allowed for real-time detection. This innovation
addresses a critical gap in mercury detection, as traditional reagents such as diphenylcarbazone often fail to achieve comparable detection limits
and can be susceptible to rapid degradation. The nanomaterial-based approach offers enhanced stability and a stronger optical response, as supported
by Jiang et al. (2016), who demonstrated similar improvements using AuNPs in mercury assays[6].

However, despite the success of these methods, some challenges remain. The reliance on solid-phase extraction (SPE) as a preconcentration
technique, while effective in minimizing matrix interferences, adds an additional step to the analytical process, potentially increasing time and labor
requirements. This may limit the feasibility of these methods for routine large-scale monitoring, particularly in field conditions where rapid analysis
is critical. Future studies should explore the integration of microextraction or other miniaturized preconcentration techniques to streamline the
sample preparation process without compromising accuracy or sensitivity.

Moreover, the use of nanomaterials, though advantageous in improving detection, presents challenges in terms of cost and scalability. The
reproducibility of AuNP synthesis and functionalization remains a significant concern, particularly when applied to large sample volumes in diverse
environmental conditions. Developing more cost-effective, sustainable alternatives to AuNPs or optimizing their production could enhance the
practical utility of these methods in broader environmental monitoring applications.

In summary, the spectrophotometric techniques developed in this study provide robust, sensitive, and selective methods for detecting
cadmium and mercury ions. Their application in environmental monitoring shows great promise, though further refinement of sample preparation
techniques and reagent production is necessary to fully realize their potential for routine use. Continued research in this area could lead to the
development of even more efficient methods, contributing significantly to the global effort to monitor and mitigate heavy metal pollution.

Conclusion. The present study successfully demonstrates the effectiveness of advanced spectrophotometric techniques for the detection
of cadmium (Cd?") and mercury (Hg?") ions in environmental samples. By employing thiol-based ligands for cadmium and gold nanoparticle
(AuNP)-functionalized reagents for mercury, we achieved significantly improved sensitivity and selectivity, with detection limits of 0.1 pg/L for
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cadmium and 0.05 pg/L for mercury. These results are well within the required thresholds for effective environmental monitoring, particularly in
detecting trace levels of heavy metal contamination.

The use of solid-phase extraction (SPE) as a preconcentration method effectively minimized matrix interferences, further enhancing the

accuracy of the spectrophotometric analysis. However, despite these advancements, there are still challenges associated with sample preparation
time and the cost of nanomaterial-based reagents. Future work should focus on streamlining sample preparation processes and exploring more cost-
efficient alternatives to gold nanoparticles, thereby making these methods more practical for widespread application in environmental monitoring.

In conclusion, the methods developed and optimized in this study provide a promising framework for the accurate and sensitive detection

of cadmium and mercury ions in various environmental matrices. These advancements represent a significant step forward in the ongoing effort to
improve the monitoring of heavy metal pollution and its impact on both ecosystems and human health. Continued innovation in this field will
undoubtedly contribute to more efficient and accessible environmental monitoring solutions in the future.
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MOHHUTOPHUHI' MUKPOKOJIMYECTB HUOHOB KEJIE3A(III) U MEJJU(II) B KAYECTBE 3KOJIOIT'MYECKOI'O ®AKTOPA U

PA3BPABOTKA CHHEKTPO®OTOMETPUYECKHUX METOJ0OB UX OBHAPYXEHUSA

AHHOTaIUsS

B nannoll cTaThe mpoBeleHbl HAay4HbIE HCTOUHUKH, NOCBSIIEHHBIE aHATUTUYECKUM METONAaM OIpEeeNCHHs COIAEPKAaHUS MOHOB TSKENBIX U
TOKCHUYHBIX METAJLIOB B OHOJIOrMYECKHUX 00BEKTAX U JOCTHKCHHUSASIM METOLO0B CIEKTPOGOTOMETPHIECKOT0 aHAIN3a IIPU OLPE/CTICHUN TKEIbIX 1
tokcnyHbix MeramwioB (TTM), ocobenno monoB xeneza(Ill) u memu(ll) ¢ mcnonp3oBaHHEM OpraHMYECKHX AHAIMTHYCCKHX DPEarcHTOB B
MOHHUTOPHHTE OKpyKamotuei cpeasl. TTM oGHapy)KeHbI BO BCeX MPHPOIHBIX Cpeqax, B TOM YKCIIE: B MUIIEBBIX NPOAYKTaxX, aTMocdepe, mouBe,
BOJIE, PACTEHUAX U XHMBOTHBIX. ClemoBaTeNbHO, HEOOX0AUMAa pa3paboTKa HOBBIX CIEKTPOGOTOMETPHUYECKUX METOJOB IPOCTOrO U OBICTPOro
onpeznenenus noHoB xeie3a(Ill) u menu(Il) B Ononornyecknx oObeKTax.
Kurouessie caosa: sxenesa(lll), mens(Il), ciekrpodoTOMETpust, SKOIOrMYECKUI MOHHTOPUHT, OKPYKAIOLIask CPe/ia, 3ejieHast XUMHUSL, TOKCHIHOCTb,
IPHUPOIHbIE 0OBEKTHI, HOHBI TSHKEIBIX U TOKCUYHBIX METAJLIOB.

MONITORING OF MICROQUANTITIES OF IRON (I11) AND COPPER (I1) IONS AS AN ENVIRONMENTAL FACTOR AND
DEVELOPMENT OF SPECTROPHOTOMETRIC METHODS FOR THEIR DETECTION Annotation

In this article presents a review of scientific sources devoted to analytical methods for determining the content ions of heavy and toxic metal in
biological environments and the achievements of spectrophotometric analysis methods in determining heavy and toxic metals (HTM), especially
iron(111) and copper(I1) ions using organic reagents in environmental monitoring. HTM are found in all natural objects of environments, such as:
food products, atmosphere, soil, water, plants, animals. Therefore, it is necessary to develop new spectrophotometric methods for the simple and
rapid determination of iron(I11) and copper(Il) ions in biological objects.

Key words: iron(lI1), copper(ll), spectrophotometry, environmental monitoring, environment, green chemistry, toxicity, natural objects, ions of
heavy and toxic metals.

EKOLOGIK FAKTOR SIFATIDA TEMIR(I1T) VA MIS(I1) IONLARNING MIKROMIQDORINI MONITORING QILISH VA
ULARNI ANIQLASHNING SPEKTROFOTOMETRIK USULLARINI ISHLAB CHIQISH
Annotatsiya

Ushbu magqolada biologik ob’ektlardagi og‘ir va zaharli metall ionlarining tarkibini aniqlashning analitik usullari bo‘yicha ilmiy manbalar ko‘rib
chiqildi va atrof-muhit monitoringida organik reagentlar yordamida og’ir va zaharli metallarni (OZM), ayniqsa, temir(IIl) va mis(I) ionlarini
aniglash uchun spektrofotometrik tahlil usullarining yutuglari keltirilgan. OZM lar barcha tabiiy muhitlarda uchraydi, jumladan: ozig-ovgat
mahsulotlari, atmosfera, tuprog, suv, o‘simliklar va hayvonlarda. Shuning uchun yangi spektrofotometrik uslublarni ishlab chigish va biologik
ob’ektlarda temir(III) va mis(II) ionlarini oddiy va tezkor aniqlash zarur hisoblanadi.

Kalit so‘zlar: temir(111) mis(l1), spektrofotometriya, ekologik monitoring, atrof-muhit, yashil kimyo, zaharlilik, tabiiy ob’ektlar, og’ir va zaharli
metall ionlari.

Benenue. OHOM 13 caMBIX BaXKHBIX IIPOOJIEM UeIOBEIECTBA SIBISCTCS IPOOIeMa COXpaHEeHH s OKPYXKaIoIel cpeibl ¥ mepexo ommecTsa
K ycToHumBoMy pa3BHTHIO. OXpaHa OKpYXKaloIleH cpelbl — CIOXKHAs, MHOTOTpaHHas IHpoOiema, TpeOyiomasi Ui CBOETO PEHICHUS Kak
TJI00ANBHBIX, TaK U JIOKAIBHBIX YCHINH CTpaH ¥ PerHoHOB. [I0HATHE «MOHUTOPHHT OKPY>KaIOIIeH CPeabD BIIEPBBIC OBLIO BBEIECHO MPOhECcCcopoM
P. Mannom Ha Crokromsmckoir koHpepenunu OOH mo okpyxatomeid cpene B 1972 1. 1 B HacTosee BpeMs MONYyYHIO MEXKIYHapOIHOE
pactpoctpanenue u npusHanue [1]. [Ipu 3TOM 5KOIOrHUECKHUIl MOHUTOPUHT CTal HEOThEMJIEMBIM KOMIOHEHTOM TIIOOANBHBIX 1IeNeil B 001acTi
YCTOHYHBOIO Pa3BHUTHs, OCOOCHHO B KOHTEKCTE HAyYHOTO NMOHMMAaHHs HApPYIICHUH JKOJOTMYECKHX IMKJIOB, YTO MO3BOJISIET pa3pabaThiBaTh
KOHIICMIIUIO M CTPATETHIO [0 CMSTYCHHIO NTOCIESICTBUH MOTeHIHAIBHBIX OSICTBUH. DTOT (haKTOp SBIAETCA OAHUM U3 COCTABIIONINX IPUHIUIIOB
«3eNICHON XVMHM», KOTOPBI IpefycMaTpHUBaeT Pa3BUTHE aHATUTUYECKUX METOIOB, MO3BOJIIONIMX IPOBOJHTH JKCIPECC-aHANIN3 B PeaTbHOM
BPEMEHH U Ha MecTe 0TOOpa Mpoo, YTO B CBOIO OYEpPe/Ib JACT BO3MOXKHOCTh OIIEPATHBHOM OLIEHKH XapaKTepa 3arpsi3HEHHN U X HCTOYHHUKOB.

Takast omepaTHBHOCTb HO3BOJISIET BBIPAOOTATh IUIAH JIMKBUJALMU YPE3BbIYAii-HOM CHTyallud W IPENOTBPATHThH e B JalbHeHIeM [2].
HHOBanMOHHBIE «3€IeHbIe» TEXHOIOTHH HanOonee YMECTHBI Al MPUMEHEHUsI IIPH pa3paboTKe H HCIOIb30Ba-HUH XHMHYECKHUX NIPOIYKTOB B
MPOM3BOJICTBE M TeM OoJiee NMPU HCIONB30BAaHNU B TEXHOJIIOTHYECKOM IPOIECCe CHHTE3a MM HMCIIONBb30BAaHHU ONACHBIX pEareHToB. XOpOIIo
u3BecTHO, 9T0 TTM OTHOCSTCS K YHCITy IPUOPUTETHBIX 3arpsA3HUTENeH, MOHHTOPUHT KOTOPBIX SBIIsIeTCsl Haubonee akTyansHbIM. HemanoBaxuyio
POJIb B KIacCU()UKALUH TSHKEIBIX AJIEMEHTOB UTPAET UX BBICOKAs TOKCHYHOCTH [3]. MakcHu-MalbHO AOMYCTUMBIN YPOBEHb STHX 3JEMEHTOB [4] B
BOJI€ COCTaBJISIET OHY YacTh Ha MIJLTHAp/. DTa HOpMa NPHHsTA B ozaBistomeM yncie crpa Espomnsl, CILIA, Poccun. OcoOeHHO onacHbl HOHBI
takux TTM [5], koTopble ClIOCOOHBI OKa3bIBATh TOKCHKOJIOTHYECKOE ISHCTBHE HA BEIOPAHHYIO TPYMITY ()E€PMEHTOB, BIUSIOLUIMX HA CHHTE3 reMa U
MHTOXOHJPHAIBHYIO YHEPIeTUKY, BBI3bIBAsl HAPYLIEHHUEC OKUCIUTEIBHOrO (ochOpHUIHpOoBaHHS U MOAU(HUKAIMIO MHTOXOHIPHAILHOIO TPAHC-
nopTa MOHOB. FIMEHHO 10 3TOi NMpHUYMHE NEePBOHAYAIBHBIC YCUIIHA XMMHUKOB-aHA-IATUKOB OBUIM HAIpaBJICHBI HA Pa3pabOTKy METOIOB aHAIN3a
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TTM. C 5T0ii TOUKH 3pEHHS ONTHIECKHE METObI AHAIN3a H B YACTHOCTH CIICKTPO(OTOMETPUUECKHUE 001a1al0T HEOCIIOPHMBIM IIPEUMYIIECTBOM:
BBICOKHMH YYBCTBUTEILHOCTBIO M CEJICKTUBHOCTBIO, TIPOCTOTON M KOMIIAKTHOCTBIO aHATUTHIECKOTO 000pY10BaHUs, OFOIKETHON JOCTYITHOCTBIO
UL HeOONBIINX aHATUTHYECKHX 1a00paTopHil.

Ilens HacTosIIeH paOOTHI 3aKIIOYaeTCs B 00OOMIEHHH JUTEPAaTypHOTO MaTepHala M COOCTBEHHOIO OIBITA aBTOPOB 110 MOHHUTOPHHTY
nonoB xene3a(lll) u meau(ll) ¢ ucnosap3oBaHKueM CIEKTPOPOTOMETPUIECKOrO aHAIH3A.

MaTtepuaJbl 4 MeToAbL [IpoBeneH TuTepaTypHBI aHAIN3 HAYIHBIX pa0oT 3a ocienHue 10 1eT B COOTBETCTBUY C IPHBEICHHBIMHE BEIIIIE
KJTIOYEBBIMH cI0BaMH. IIpu u3ydeHnn BpexHoro BoszaeiicTBus HoHOB TTM Ha 370pOBbe UenOBeKa M OKPYXKAIOIIYIO CPEey OCHOBHOE BHHMAaHHE
OBUIO y/IeNeHO M3YYCHHIO TOKCHKOJOrnueckux 3ddexroB meramios, ocodenHo monos xene3a(lll) u meau(1l). IIpoananuzupoano okoio 30
MEXIyHapOAHBIX KyPHAJIOB, COIEPKAIUX IKCIEPUMEHTAIbHYIO 0a3y JaHHBIX, HEOOXOAUMYIO JUIS JaHHAs HCCIIEIOBaHUH.

CaoiicTBa HOHOB :keJie3a (I1I) u mean (II) 1 uX BAMSIHHE HA OPraHU3M 4YejoBeka. V3BecTHO [6], 4TO psx MeTamnoB, Takux kak Fe,
Co, Zn, Cu, Ca, Mg, sBisitoTCsl Hanbosee BaKHBIMH JJIEMEHTAMHU JUISl PACTEHUII U OpraHu3Ma 4ejoBeka. MHorne GHOXHMHYECKHE-IIPOLECChI
IPOUCXO/ST B OPraHU3Me C UX yJacTHeM. MHOTHe OHOIOrnuecKy aKTHBHEIE BEIIECTBA, BBIICTICHHBIC U3 PACTCHUHN, IPAKTUYECKH HE aKTHBHPYIOTCS
6€e3 NOHOB METAJIIOB, H OONBIIMHCTBO OENKOB H ()ePMEHTOB AKTHBHEI B COUCTAHUH C OIPEIEICHHBIMI HOHAMU METAJIOB.

Kese3o. ['1aBHBIMU MCTOYHHKAMU COCAMHEHHUII jKene3a B IOBEPXHOCTHBIX BOJAX SIBIIIIOTCS MPOIECCHl XUMUUECKOTO BHIBETPUBAHMS
TOPHBIX TIOPOJ, CONMPOBOXKIAIONINECS MX MEXaHHYECKHM pa3pylIeHHEM M PacTBOpeHHeM. B mporecce B3aHMONEHCTBHS ¢ COAEprKaIlUMUCS B
IPUPOTHEIX BOAAX MHHEPAIHHBIMH H OPTaHUYECKIMH BEIIECTBAMH 00pa3yeTcs CI0XKHBII KOMILIEKC COSANHEHNUH jKkere3a, HaXOASIIIXCS B BOJIC B
PAcTBOPEHHOM, KOJUIOMJHOM M B3BEIIEHHOM COCTOSIHUM. 3HAUUTENIbHBIE KOJIMYECTBA jKeJie3a IOCTYNAlOT C MOJ3EMHBIM CTOKOM M CTOYHBIMU
BOJAMH  NPEANpPUATHH  METa/ULyprHueckoid, MeTawiooOpabaThIBaiomel, TEKCTWIBHOM,  JTaKOKPAaCOYHOH  IPOMBINUICHHOCTEH U
CEJbCKOXO03AHCTBEHHBIMU cTOKaMu. CoziepikaHue JKejle3a B Boje Bblmle 1-2 MI/IM® 3HAUMTENBHO yXYMIIIAET OPraHONENTHYECKUE CBOMCTBA,
npuaaBas e HeNPHUATHBINA BSDKYILUH BKYC U JIeJIaeT ee MAJIONIPUTOTHOM I MCIOJIb30BaHUA B TeXHUUeckuX 1emax. I1/1K xenesa B Bozge pasHo 0,3
mr/mv®, TIIK,, st skenesa - 0.1 mr/av®. CyTounast MoTpeGHOCTE YeloBeKa B Kenese B cpeaneM coctasnser 10 mr. Jloza B 200 Mr yxke sABIseTcs
TOKCHYECKOMH, IIOCKOIbKY HAYNHAET TOPMO3UTh aHTHOKHUCIIHUTEIbHbIE IIPOLIECCH] B OPraHU3Me M CHOCOOCTBYET CTapeHHIO KIIETOK M OpraHH3Ma B
1eN0M. SIBIIsAsich OHOIOrNYECKH aKTHBHBIM JIEMEHTOM JKEJIE30 B OIPE/ICICHHON CTCHCHN BIMACT HA MHTCHCHUBHOCTS [ 7] pa3BUTHs (PUTOIIIAHKTOHA
U KaueCTBEHHBII COCTaB MUKPOQIIOPHI B BOJOEMaX.

Menp - yaacTByeT B mporiecce (OTOCHHTE3a U BIMSET HA YCBOEHHE a30Ta pacTeHUsIMU. BmecTe ¢ TeM [8, 9], u30bITOUHbBIE KOHIIEHTPAIINH
MeIN OKa3bIBAlOT TOKCHYECKOE BO3IEHCTBHE HAa pACTUTENIbHBIE M JKUBOTHBIE OpraHusMbl. HemocrarouHoe coiepkaHue MeOu B IOYBAX
OTPHULATEIbHO BIMSAET HA CHHTE3 OEJIKOB, )KUPOB U BUTAMUHOB M CIOCOOCTBYET OECILIONUIO PACTUTENbHBIX opraHu3MoB. CoxeprkaHue Meou B
IIPUPOHBIX MPECHBIX BOJAX Kosebiercs ot 2 g0 30 Mkr/ame, B Mopckux Bozax - ot 0.5 10 3.5 Mkr/am®. TToBbILIEHHbBIE KOHLEHTPALMH MeH (110
HECKOJIPKHX IPaMMOB B JIUTPE) XapaKTePHbI A/ KHCIIBIX pyAHUYHBIX BoJ. [IJIK Menu B BoJe BOLOEMOB CAHUTAPHO-OBITOBOTO BOAOMOJIB30BAHHS
coctasnser 0.1 mr/am® (061e-caHUTapHBIL), B Bofie PhI6OX03HCTBEHHBIX BogoeMoB - 0.001 mr/mv® [10].

IlonMeHeHHe PKOJIOTHYECKH YHCTHIX OPraHHYecKHX AHATHTHYECKHX PeareHTOB B aHaam3e. ABropamu B paborax [11 um 12]
CHHTE3MPOBAH HOBBII aHAIUTHYECKHUI peareHT [4-amMmuHo-5-ruapokcu-6-[(5-mernn-2-nupuaun)aszo]-3-cynbho-1-nadrun]-cynshonarpuii (HR) u
pa3pabotaH CreKTpoYOTOMETPUIECKUIT METOZ MOHHTOPUHIa MUKpOKomimdecTB noHOB Memu(ll) B cocTaBe 00BEKTOB OKpYIKArOLIEit CPEbI C €ro
ucrnons3oBanueM. MccnenoBansl MIK-CrieKTphl 1 onpeneseHsl MOJSIPHBIA Koo duuueHT ceronoriomenus (€=3306), KOHCTaHTa AUCCOLHALUH
(Kue=2,95-10"®° (pK=7,53)) u BBINONHEHBI KBAHTOBO-XMMHYECKHe pacueThl pearenta HR. M3yueHn! kauecTBeHHble peakimu HR ¢ moHamu
metaimos:  Hg(I1), Cd(l1), Zn(ll), TI(I), Co(Il), Cu(ll) u ero xomruiekcoobpazoBanue ¢ wuoHamu wmeau(Il) B BOAHBIX pacTBOpax
CHeKTPO(OTOMETPHUECKIM METOJOM M YCTaHOBIEHO 0Opa3OBaHHME KOMIUIEKCHBIX coemuHeHmii ¢ moHamu Memu(Il) cocraBa HR:Cu?*=2:1.
OrnpeneneHbl MOJSIPHBIA KO3()(HULHEHT CBETONONIONICHNS, KOHCTAaHTa PABHOBECHS KOMIUICKCA W UYBCTBUTEIBHOCTh METOMHKH OIPECICHHS
nonoB mMeau(Il) (pHc,2*=4,02; A=595 nm; CuZ:HR=1:2; £=20000 am%/monb-cm, I'T=0,5-6,5 Mxr/25cm®; [10=0,234 mxr/am®; Sr=0,043). Usyuena
nzouparenpHocTh HR k nonam nunka(Il). [peanoxkennsiid cieKTpooTOMETpHYECKUIT METO/1 OTpe/ieNIeH s ObLII IPUMEHEH B aHAJIM3€ TPUPOTHBIX
M CTOYHHBIX BOJ U MOJy9EHHBIE Pe3yJIbTaThl OLICHEHBl METPOJIOTHIECKHMH XapaKTePUCTHKAMH.

ToBenmennoe komaectBo nonoB xxene3a (11I) n mexn (1) oxassIBaeT cepbe3HOE BIMSHNE Ha 3[0POBEE YeNoBeKa. DTo TpebyeT pa3padoTKi
90 (PEeKTUBHBIX METOIOB KOJIUYECTBEHHOT0 KOHTpois oHoB skene3a (I1I) u memu (I1), ux oOHapyKeHHs1, OnpenereHus, a Takke BbaeneHus. B
TabJINIe PaCCMOTPEHbI JAHHBIC HCCIIEIOBAHMUM, TPOBEICHHbIE HAa CETOAHSIIHIN JeHb METOJJOM CIIEKTPO(GOTOMETPHIECKOTO ONPENENICHHS HOHOB
skenesa (1) n memu (11).

Tabauna
IpuMeHeHHe OPranuyecKNX PeareHToB B cieKTPodoToMeTpHYecKoM onpeeenn HOHOB skeie3a (I11) u mexu (11"
OnruMajabHble Oo6pazen
Ne | Pearent YyBCTBUTEIBHOCTh Mermaromnye HOHbI
YCIIOBUS [Cepunkal
CrieKTpo)oTOMETpUIECKOE OnpeiesieHie HOHOB Fe** HeKOTOpBIMU OpraHMYeCKUMH peareHTaMu
Tpex coprax s16;10k
1-ennn-2-[2- pH=5.,0 = 17860" 702 Tt Modt (Cubnpsiaka, LlpI-
1 THAPOKCU(EHMIIa30]- A=425 um _ " 3 b N B TGt " | ranka u Tongen
Gyraguonom-1,3 Fe**:HR=1:2 TT=0,11-2,74 wer/ v W®, Nb™, Ta Jenuec)
[13; C.42-50]
pH=4,0; 6=4,86°10%; Eg"g:rgqe;““i o
L-autposo-2-waron- | A=710 um S=1,3706 %; Hg? zn?* (1:10) u | OOPAMET M 1P
2 OKpYyXxaroreit
3,6-mucynsponarpus | Fe**:R=1:2 110=17-10" mr/am® Pb2* cper
2 —C0. 3
R°=0,986 T'T=50-5000 mr/mm [14: C.971-978]
_ £=2,45-10%, S;=11 %
ubennikapOazua | pl:|—3,5 Yeeun= 8 HI/cM? Cu? (1:1), Tpupomeie 1
3 A=670 uM o 3 iora cTounble BOmbI [15;
opTO(hEHAHTPOITHH o I'T=0,02-4 mr/am Ni“*(1:1)
(R*=0,9998) TO=5 Mkr/m® C.155-160]
(E)-2-runpokcu-3-(2-
THIpOKCHGeH3H- pH=4 £=10000; Co* (1:1) i‘f%ﬁz ““Ieg‘;‘;g;f
4 | nupen)-(amuHO)- 2=353 um Yeeun=0,0025 mMKr/cm? Zn?*(1:1) - i %H . mnnOBHHK’
Genzoncynsdo- Fe**:R=1:2 I'T=0,448-2,24 mxr/cm® | Cu? (1:1), P
KHCII0Ta [5; C.48-54]
JM3THIIeHTpHaMUH- H=37-6.0 IT=(0,1-4,0)-10* B 00BeKTax
5 MEHTayKCYCHOM 2:3 s 6 HM’ Mo/ mMS; Ni%*, Cu?* Co*, Cd* | okpyxaromieit
KHCIOTON Yi=0,001+1320Xi cpensi [17;C.54-57]
e pH=5,0 £=12500; 2 2 .,y | bamamsl, TOpPOX u
6 fn((EngcuﬁeH_ 2=331 v IT=0,448-1,792 égzg ; 2'32; NIZ | rpeaxa
AP Fe**:R=1:2 MKr/eM® : : [18; C.81-90]
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3HJTHIEHTHPA30HO)-
HHJOJIMH-2-0H
bensonn-anerona-3- 5+ .
\ =10,00+0,12; As™, Kpacusrit "
7 fif;)of‘be“”“' ﬁ‘j’gi‘;iﬁg 7(;?:418 ;r=0,22-11,2o; Ni2* Fencancxuii nyK
=Ll K 7 El 3+.pD—1- 2+ . B
temmnGyrasona-1 Fe**:R=1:2 Cd [19; C.343-350]
. BononposonHas
2,21- Ouc- Co%,
8 (HHT;;JTg;:T:J:I/IHeH)- PHom=4,0 Ahom=383 M | £=1,84-10% M2 BOJA M CHHTETH-
nderon Fe*:R=1:2 I'T=0,5-18,0 mMxr/cm® it 4ecKHe IPoObI
A [20; C.135-139]
2,4,6-1pu-(2- pH=4,5 T . 5.0-140,0; Cd%, Co%, Pd?, V¥ | TIpoGwI Bomtbl
A : ) . & =150 ) ) )
9 | mupumun)-135 A=670 mv; R%=0,0998: | MKT/AM: Sr=1,5% Fe?*, Zr*", [21; C.1059-1068]
TpUasHH 110=0,2 mMxr/am°,
o | BemeZs Taasse | mromenweed | o, o ar | o
: =, — 3+
S-asommporamionon |~ 428 HM 1gPrer=7,8620,20 ca”, [22; C.107-111]
CriekTpohoTOMETpHIECKOE onpeenenne HoHoB CU" HEKOTOPBIMY OPTaHHYECKHMH PEareHTaMu
4-amuno-3-mepkanro- | pH=4-6 £=1,90-10" tgo=0,18; Mopckas u
11 | &1 1=434 um Uon=0,003 Mxr/en? | Mn? u AR BOZOMpOBOHAA
taenmn)Bunmi]-1,2,4- | Cu*:HR=1:1 I'T=0.7-25 Jons? BOJIBI
Tpuasus -5(4H)-onom | R?=0,992 T fe0 MKITCM [23; C.342-348]
pH=6,5 _ . 11012 Ipuponssie u
12 | Unpuro (AA=160 HM 8;;{8%%5 pani=1,1-10 Fe3, Pb%*, TI**, Mn? | TexHoIOrHYECKHE
Cu?:HR=1:2 s Boel [24; C.23-29]
— 7
3-meToKcH-4-ruzpo- H=4,0 fl 2 ’02(2) 254 mr/cm? o PL*", Cd*" 5231;1;1“:111’120 Bl H
13 | oxcubensamaerun-4- ;)»=462’ HM; R?=0,9998; l"lgzi) 2-,4 0 mr/em® Fe¥, Fe¥, Mn”, anII)aBllfl 8
Gpomdermrnapason T ] 00,027 arfest® Co”*, Ni** [25; C.131-138]
pH=3,0-5,5. Yeeun=2,94-107
Z-auerummpHIH-4- A=440 uM MKT/CM%; AP, Cr¥, Ag" u | JluctoBsle oBOIIM
14 1 denun-3- Cu?"HR=1:2 I'T=0,338 Mxr/er; sb [26: C.70-83]
THoceMHKapOasoa R=096 T10-0,0065 Mxr/cx® o
2-(5-6pom-2- 3 pH 4,0-6,0 £=2538; Cu®, Li*, Ca?, | Peunas u nurbeBas
15 | ONCOMHAOIMH Cu?:HR=1:2 Yeen=25,0 Hr/om? Mg#*, AP, Ba¥, | sona
WIHAICH)-THADA3HH- Anax=510HM I'T=1,0-8,0 mxr/cm® Sr2* [27;C.392-396]
KapOOTHOAMUIOM max e o ’
4-yutpobensunuen- _ _ 103
M e T | S o, | S
MepkanTo-1,2,4- UM Cent™ > ;| Zn%, pasil
TpHazon Cu“:HR=1:2 TT=4,75-16,13 Mkr/cm [28; C. 3425-3434].
1-(2-vetokcudennn- | pH=5,4-6,8 §=43200; Co?, Niz, Fer, vor, | lmmennie
17 | amumn)-3-mMeTokcH- A=605 HM Yeenn=1,48 HT/cM? W8, Mo®, Ti%, gg;ami? e
- 2+, =1 " _ 2+
HPOMAHTHON-2 Cu“:HR=1:2 I'T=1,0-16,0 Mn**, [29: C.97-102]
Tuocemuxap6aso- 223_ 94 5’5-5’0 ??6:(1)03’5 4-2542 Ca*,Mn?, Pb?*, | IlurbeBas Boxa
18 | HOM-2-ruapoKcu-3- CUHR=1-1 HM KT /c;v13 ! Zn?*,  APY, Ni¥, | u peanbnble po6bI
METOKCHOCH3AITbICTH]T b= 1'2 30_6'1.05 U, 20,01 Ir/end Co?, Cr3 [30; C. 63-67]
1-(enmnn-2-(2- i+ 2+ 3+
HUTpOdeHMITHIPa30)- | A=467 um I'T=0,13-5,12 mxr/cm® Tit+ ' ' ' ' [3pl'C 23-28] P
Oyraguonom-1,3 ! >
4-Amino-5-hydroxy- _ 3 )
6-[(5-methyl-2- pH=35-4,5 £=20000 1M°/MOIIB*CM " . X PognukoBast Boma
v Y I'T=0,5-6,5 Mxr/25cm® Ni?*, Cd?*, Fe** u | Omonxona u
20 | pyridyl)-azo]-3-sulfo- | A=595 HM HO=6 23;‘ KT/ TI3+’ ' N
1-naphthyl]sulfo- Cu?:HR=1:2 Sr=0043 [12: C. 388-403]
nyloxysodium ' >

*Ipumeuanue: &— monapuvitl Kodpguyuenm ceemonoanowenus, A, um — onuna éonvuvl, HR —opeanuueckuii peazenm; I'T — 2padyuposounviil
epagpux; IIKO — npeden konuuecmeennozo onpedenenusi; 110 — npeden obnapyicenus unu npeden onpedenenus (Cmin); pH — cpeda pacmeopa,
Y eno, — yyscmeumenvrocms no CeHoelny.

Pe3ynbraThl, NpuBENCHHBIC B TAONHIE, MOKA3BIBAIOT YCIENIHOCTh NPHUMEHEHUS OPraHMYeCKHX PEarcHTOB B OINpEJCICHUH HOHOB
skene3a(ll) u mexu(11l) ¢ 60BIIONH TOYHOCTBIO M TOCTHIKEHHEM BEChMa HU3KUX MPEIETIOB 00HAPYKEHHS.
3akuouenne. Ha ocHoBaHNH IPOBEICHHOT0 0030pa INTEPATyPhl U COOCTBEHHBIX SKCIIEPUMEHTOB aBTOPOB ITOKA3aHO, YTO MCCIICIOBAHHS
TOCJIEJTHUX JIECSATHIICTHI OBIIM HAINpaBIIEHBI HA Pa3paboTKy Ooyiee YyBCTBUTENBHBIX aHAMTUYECKUX METOJIOB JUIS ONPEIENICHNS U OOHAPYKEHUS
TOKCHUYHBIX TIOJUTIOTAHTOB, TakuX Kak HOHBI TTM, ocoberno monoB skenesa(lll) m memu(Il). JlocTym K HaaeKHbIM, YyBCTBUTEIBHBIM,
CENeKTHBHBIM, HEZIOPOTHM U SKOJIOTHYECKH YHCTHIM OPTraHUYECKUM aHAIMTHYECKUM PEareHTaM CTAHOBHUTCS BaXHBIM (paKTOPOM B NMPOBEACHHU
MOHHTOPHHTA OKPYXKAIOIIeH CpeJibl, BBIKIIOUAs ONpeJeNeHHe TPAAMIHOHHO omacHBIX TTM opraHMYeckMMH aHAJUTHYECKIMH PEarceHTaMH.
[llnpokoe NPUMEHEHHE OPraHMYECKUX AHAIMTHYCCKMX PEArcHTOB B AHAJMTHYECKOH MNPAKTHKE MOXET ONarompHsTHO CKa3bIBATHCS Ha
OMEpaTHBHOM MPHHATUM PEIICHHi 0 KOHTPOIIO M YIy4IICHHIO KaueCTBAa OKPYKAIOLICH CPebl M OXPaHbI 370POBbs HacelIeHUs. JTO TpedyeT
TIPOBEJICHNS TaNIbHEHIIIEH HCCIIeIoBaTENbCKOI paboThI 110 MeTo1aM Oonee 3P (HEeKTHBHOTO OOHAPYKEHHS M M3BICUCHHS 3THX HOHOB.
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IMPORTANCE OF BIFUNCTIONAL CATALYSTS IN THE PRODUCTION OF MONOCYCLIC AROMATIC HYDROCARBONS
Annotation

Cyclization products can be 5- or 6-membered ring compounds. The reactions leading to the formation of these hydrocarbons represent Ccand Ce-
cyclization reactions. Platinum catalysts for the dehydrogenation of paraffins are highly dispersed multicomponent systems embedded in a heat-
resistant oxide support with a developed surface. The concentration of platinum and promoters usually does not exceed 1 % wt. The most common
support is y-alumina. Previously, similar platinum catalysts were widely used in the low-pressure reforming process.
This allows us to explain the high efficiency of bimetallic aluminum-platinum dehydrogenation catalysts, which is maintained even with coke
content of more than 10% by weight of the catalyst. In the synthesis of aromatic hydrocarbons based on synthetic naphtha, it was proven that the
samples converted to aromatic hydrocarbons in the first pass when using the catalytic systems Cr,0- catalyst and AINiMo+bentonite catalyst. The
combined use of these catalysts resulted in the formation of monoaromatic hydrocarbons from a mixture of naphtha hydrocarbons with a high mass
fraction of n-hexane, n-heptane, and n-octane in high yield and demonstrated high selectivity for this synthesis.
Key words: cyclization reaction, bifunctional catalysts, dehydrocyclization of paraffins, n-hexane, carbonation, synthetic naphtha.

3HAYEHNE BU®YHKIIUOHAJIBHBIX KATAJIN3ATOPOB B ITIOJIYYEHUA MOHOIUK/JINYECKUX APOMATHYECKHNUX
YIJIEBOAOPOJOB
AHHOTaIUsS

TIpoxyKThl IMKIM3AMU MOTYT HPEACTABIATH COOOM S- MM 6-4IEHHBIE KOJIbLEBbIE COeJUHEHUs. Peakuuu, npuBosIme K 00pa30BaHUIO 3THUX
YIIICBOJOPOAOB, MPEACTABIIIOT co00it peakunu Cg u Cg -unknusanuu. [I1aTHHOBBIE KaTaTH3aTOPhI JETHAPUPOBAHIS HapaUHOB MPEICTABIAIOT
c000# BBICOKOANCIIEPCHBIE MHOTOKOMITIOHEHTHBIC CHUCTEMBI, BKJIOYAIOUINE TEPMOCTOMKUN OKCHIHBI HOCHTENb C Pa3BUTOW MOBEPXHOCTHIO.
KoHueHTpaus miaTHHbI 1 TPOMOTOPOB 00BIYHO cocTaBiisieT 1% 1o Macce. He npeBbimaeT Hanbosee pacripocTpaHeHHBIM HOCHTEIIEM SIBIISICTCS Y-
OKCH[I aTIOMHUHMs. Paree mogo0HbIe MTaTHHOBbIE KATAIM3ATOPhI IIMPOKO MPUMEHSUTHCH B PH(OOPMHHTE HU3KOTO AaBIeHUs. MOXKHO OOBSCHUTD,
YTO BBICOKAst 3P (PEKTUBHOCTh OMMETAINTMICCKUX aTFOMUHUEBO-TIJIATHHOBBIX KATAIN3aTOPOB ICTUIPUPOBAHHS COXPAHSIETCS JAXKE [IPU COICPKAHUU
kokca 6oniee 10 % oT Maccel kKaTanuzaTtopa. [Ipu cHHTe3e apOMaTHYECKUX YIIICBOJOPOIOB Ha OCHOBE CHHTETHUYECKOM HA(THI I0KAa3aHO, YTO TPH
HCIIONB30BAHMN KATAJIUTHYECKUX chcTeM ¢ karammzatopoM Cr,O; u karammzatopom AINiIMo+OeHTOHHT Ha TEpPBOi CTAAHH TPOHCXOIUT
npeBpalleHne 00pasoB B apoMaTH4ecKue yriaeBomoponasl. COBMECTHOE HCIOIB30BAHHE ITHX KATAJIH3aTOPOB MOKA3al0 BBICOKHI BBIXOI
MOHOapPOMAaTHYECKHX YTJICBOJOPOIOB U3 CMEeCH Ha()TOBBIX YIIIEBOJOPOIOB C BEICOKOIT MAacCOBOIT 10NIeH H-TekcaHa, H-TelITaHa M H-OKTaHa, a TAKKe
BBICOKYIO CEJIEKTUBHOCTD 3TOTO CHHTE3a.

KuioueBble ¢j10Ba: peaxiysi HMUKIM3AIMK, OM(YHKIMOHAIBHBIE KAaTAaIW3aTOPhl, JAETUAPOLMKIN3ANUs NapadUHOB, H-TEKCaH, KapOOHH3aLus,
CHHTeTHYecKas HadTa.

MONOSIKLIK AROMATIK UGLEVODORODLAR OLISHDA BIFUNKTSIONAL KATALIZATORLARNING AHAMIYATI
Annotatsiya

Siklizatsiya mahsulotlari 5 yoki 6 a’zoli halqali birikmalar bo‘lishi mumkin. Ushbu uglevodorodlarning hosil bo'lishiga olib keladigan reaktsiyalar
Csva Cg-siklizatsiya reaktsiyalarini ifodalaydi. Parafinlarni degidrirlash uchun platina katalizatorlari rivojlangan sirtga ega issiglikka bardoshli
oksid tashuvchi kiritilgan yuqori darajada dispers ko‘p komponentli tizim hisoblanadi. Platina va promotorlarning konsentratsiyasi odatda 1 %
mass. dan oshmaydi. Eng keng targalgan tashuvchisi y-alyuminiy oksididir. llgari shunga o'xshash platina katalizatorlari past bosimli riforming
jarayonida keng qo‘llanilgan. Bimetall alyuminiy-platina degidrirlash katalizatorlarining yuqori samaradorligini hatto katalizatorning og'irligi
bo'yicha 10% dan ortiq koks bilan ham saglanishini tushuntirishga imkon beradi. Sintetik nafta asosida aromatik uglevodorodlar sintezida katalitik
tizimlar Cr,O; Kkatalizatori va AINiMo+bentonit katalizatori bilan qo‘llanilganda na‘munalarning aromatik uglevodorodlarga birinchi
bochgichdayoq o‘tishi isbotlandi. Ushbu katalizatorlardan birgalikda foydalani n- geksan, n- geptan, n-oktan massa ulushi yuqori bo‘lgan nafta
uglevodorodlar aralashmasidan monoaromatik uglevodorodlarni yuqori unum bilan hosil bo‘lishi hamda ushbu sintez uchun yugqori selektivlikni
namoyon etdi.

Kalit so‘zlar: siklizatsiya reaktsiyasi, bifunksional katalizatorlar, parafinlarni degidrotsiklizatsiyasi, n-geksan, karbonlanish, sintetik nafta.

Kirish. Tarmoglanmagan uglevodorodlarni gimmatroq mahsulotlarga, birinchi navbatda aromatik C4 va tsiklik Cs uglevodorodlariga
aylantirish imkonini beruvchi katalitik riforming sanoat jarayoni keng ko‘lamli ravishda yo‘lga qo‘yildi.

Uglevodorodlarning asosan metall katalizatorlari bo‘yicha sikllanishi hagida ma’lumotlar oksidli va bifunksional katalizatorlarda faqat
tsiklik uglevodorodlar hosil bo‘lishining umumiy tamoyillari muhokama gilinganda qo‘llaniladi.

Ma'lumki, siklizatsiya mahsulotlari 5 yoki 6 a'zoli halgali birikmalar bo'lishi mumkin. Ushbu uglevodorodlarning hosil bo'lishiga olib
keladigan reaktsiyalar Cs- va Cg-siklizatsiya reaktsiyalarini ifodalaydi. Ochiq zanjirli uglevodorodlardagi har ganday halganing yopilishi ikkita
vodorod atomining yo'qolishi hisobiga kuzatiladi [1].

Metalllarda uglevodorodlarning katalitik sikllanishi jarayonida metallning tabiati va tizimda astoxiometrik komponentlarning mavjudligi
muhim ahamiyatga ega. C4 siklizatsiya reaktsiyasida katalizatorning faolligi uning degidrirlash xususiyatlariga bog'lig. Cs siklizatsiyasining yuzaga
kelish ehtimoli bevosita metall yuzasida atomlarning joylashishin o'ziga xos xususiyatlari bilan belgilanadi, chunki 5 a'zoli halgalarning yopilishi
fagat platina, palladiy, iridiy va rodiyda kuzatiladi. Tizimda vodorod va uglerodning mavjudligi siklizatsiya reaktsiyasining borishiga sezilarli ta'sir
giladi, chunki metall uglerod bilan kontaktida, vodorod tashilish reaktsiyalarida faol markazlar bo'lib xizmat giladigan sirt komplekslari hosil
bo'ladi. Bunday tizimlar ishtirokida degidrirlash, parafinlarni degidrotsiklizatsiyasi va siklizatsiyasi reaktsiyalari amalga oshiriladi.

Mavzuga oid adabiyotlar tahlili. Parafinlarni degidrirlash uchun platina katalizatorlari rivojlangan sirtga ega issiglikka bardoshli oksid
tashuvchi kiritilgan yuqori darajada dispers ko‘p komponentli tizim hisoblanadi. Platina va promotorlarning konsentratsiyasi odatda 1 % mass. dan
oshmaydi. Eng keng targalgan tashuvchisi y-alyuminiy oksididir [1- 3]. llgari shunga o'xshash platina katalizatorlari past bosimli riforming
jarayonida keng qgo'llanilgan.
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Taxminan 600 °C haroratda suv bug'i ishtirokida degidrirlash jarayoni amalga oshirilganda, tashuvchi sifatida magniy [PO] yoki rux
bo'lgan alyuminiy oksidi asosidagi juda bargaror shpinellar go'llaniladi [2-4].

Kislotalikni so‘ndirish uchun katalizatorga gidroksidi yoki gidroksidi tuproqli metallar kiritiladi va shuningdek, galogen (xlor) chigariladi.
Davriy jadvalning | - VI guruhlarining kichik guruhlari elementlarini qo'shish birinchi navbatda platinani modifikatsiyalashga garatilgan.

Tsiklizatsiyaning bifunksional katalizatorlari kislotali va degidrirlash funktsiyasi uning samaradorligi bilan xarakterlanadi. Pt tarkibli
tizimlar eng yaxshi degidrosiklizatsiya katalizatorlari hisoblanadi. Tsiklizatsiya katalizatorining muhim parametri Pt zarrachalarining o‘lchami
bo'lib, u ko'p jihatdan yon reaktsiyalarning paydo bo'lishini belgilaydi (asosan alkanlarning gidrogenolizi). Gidrogenoliz ulushini kamaytirish uchun
kamroq faol metallga ega bo'lgan platina gotishmasi ishlatiladi. Faol metalning dispersiyasi yuqori bo'lgan katalizatorning afzalligi uning
faolligining oshishi va faol markazlarning ishdan chigishi darajasining pasayishi hisoblanadi.

0,6% Pt/Al, 0, katalizatori ishtirokida n-geksanning konversiyasi kontakt vagtining ta'sirini o'rganilgan. N-geksan konversiya gilish
jarayoni 400-500 °C haroratda va 0,3-2 MPa bosimda amalga oshirildi. Reaksiya mahsulotlarining tarkibi xom ashyoning massaviy uzatish tezligini
10 dan 150 soat™* gacha o'zgartirish orqgali olib borilgan [4].

Olimlar ilmiy izlanishlarida KL, KY, NaY, K-Al, 05, Si0, asosidagi Pt tarkibli namunalar ([Pt] = 1%) n-geksanning o‘zgarishi o'rganilgan.
Vodorod bilan gaytarilgan barcha namunalarni shaffof elektron mikroskopida tekshirish metall zarrachalarining o'lchamlari 10-20 A oralig'ida
ekanligini ko'rsatdi. KL, KY va NaY zeolitlaridan iborat kislotali bo'lmagan tashuvchilarda 10 A o'lchamdagi platina zarralari bir tekis
tagsimlangan. Ushbu katalizatorlarda n-geksanning konversiyasi C¢ siklizatsiya bosqgichi orgali benzol hosil bo'lishiga olib keldi. C; — C5 alkanlari
bo‘ladigan gidrokreking reaktsiyasi ham boradi. Turli platina katalizatorlarida olingan natijalar 1- jadvalda keltirildi.

1-jadval

420 °C haroratda Pt katalizatorlarida n-geksan siklizatsiya jarayonining ko'rsatkichlari

Katalizator Pt/KL Pt/KY Pt/NaY Pt/KAL,O0 Pt/Si0
Faollik 100 18 16 5 3
S benzol bo‘yicha 0.57 0.32 0.32 0.25 0.18
TOF:
-Benzol 1.44 0.141 0.155 0.051 0.032
-Cs-_siklizatsiya 0.70 0.21 0.27 0.12 0.084
TCI 1.8 3.1 15 17 1.0

bu yerda: Faollik — katalizatorning grammiga nisbatan nisbiy faollik (boshlang‘ich Pt/KL katalizatorga nishatan);

Benzol bo‘yicha S — benzol olish uchun sarflangan n-geksanning reaksiyaga kirishgan n-geksan umumiy migdoriga nisbati, %;

TOF — Pt atomining birlik yuzada dagigagi olingan mahsulot molekulasi migdori;

Cs - siklizatsiyasi — metilsiklopentan, 2-metilpentan; 3-metilpentan yig‘indisi;

TCl - "terminal kreking" indeksi, nol n-geksan konversiyasi uchun ekstrapolyatsiya gilingan C5/C, molyar nisbati.

lImiy tadqoqot ishlarida n-geksanning degidrotsikllanishida ion almashinuvi va 1% Pt/SiO, tomonidan tayyorlangan 0,6%
Pt/KL tizimining Katalitik xususiyatlarini solishtirdi. Pt/KL katalizatori Pt/SiO, tizimiga nisbatan n-geksanni benzolga aylantirish jarayonida
yuqori faollik va selektivlikni ko‘rsatdi. Ushbu ishda platina zarrachalarining o'lchamlari to'g'risidagi ma'lumotlar berilmagan, ammo Pt/KL
namunalari tarkibida platina ikki mintada - kanallarda va tashqi katalitik sirtdagi kanallardan tashgarida tagsimlangan deb taxmin gilinadi. Pt/SiO,
katalizatori ishtirokida Cs ga nisbatan ko‘proq C, mahsulotlari, Pt/KL tizimi ishtirokida esa asosan Cl va C5 uglevodorodlar hosil bo‘ladi, kam
miqdorda esa C, — C, mahsulotlari olinishi aniglangan.

Reaksiya sharoitida degidrirlashning platina katalizatorlarini dezaktivatsiyalash asosiy sababi koksning cho'kishidir. Platinaning
uglevodorod muhiti bilan kontakti metall sirtini va tashuvchi teshiklarini koks bilan to'sib qo'yishdan tashqari, uning kristallanishi yoki alyuminiy
oksidi bilan shpinel hosil bo'lishi tufayli metall yuzasining pasayishiga olib keladi[5-10].

Karbonlanish natijasida n-geksanning gidrogenoliz, izomerizatsiyasi va degidrotsikllanishi va siklogeksenning degidrirlanishi o‘zgaradi.
Katalizatorning koks bilan zaharlanishining intensivligi fagat uning kontsentratsiyasi bilan belgilanmaydi va koks hosil bo'lish shartlariga va
katalitik reaktsiyaning tabiatiga qarab sezilarli darajada farq gilishi mumkin. Koks zaharliligining o'zgarishi sabablari quyidagilar bo'lishi mumkin:
a) koks qgatlamlari tuzilishidagi farglar (xususan, koksning tartibli va tartibsiz gatlamlarining ta'siri sezilarli darajada farq gilishi mumkin; b) koks
hosil bo'lish shartlari 0'zgarganda metall va tashuvchi o'rtasida koks migdoriy tagsimotining o'zgarishi; v) berilgan reaksiyani katalizlovchi metall
markazlarining tanlab zaharlanishi (deyteriy almashinuvi, degidrirlanish, gidrogenoliz [7]).

Zamonaviy polimetall katalizatorlarning eng muhim xususiyati koks hosil bo'lish sharoitida ularning bargarorligini oshirishdir. O‘xshash
katalizatorlarning koksga chidamliligining sabablari kuchli kislota markazlarining promotorlari tomonidan zaharlanishi (qalay kiritilishi bilan),
oralig mahsulotlarning (reniy) koks moddalari to'yinganligi yoki uglerod gatlamlarini gidrirlanish natijasida koks cho'kish intensivligining pasayishi
hisoblanadi.

Shu bilan birga, so'nggi yillarda rux, galliy va germaniy kabi kichik guruhlari elementlari bilan promotorlangan degidrirlash
katalizatorlarida koksning umumiy kontsentratsiyasini kamaytirmasdan, platina karbonizatsiyasining keskin cheklanishini ko'rsatadigan
ma'lumotlar olindi va benzol xemosorbsiyasi [8] ning IQ spektroskopiyasi ma'lumotlariga ko'ra, reaktivlarning platinadagi adsorbsiyasining
zaiflashishi bilan bog'liq bo'lgan bunday koks himoya ta'siri koksning faol metall yuzasidan tashgarida to'planishi natijasida mahsuldorlik kuzatiladi.

Reniy-oltingugurt tizimi koksni shunday himoya giluvchi xususiyatlariga ega, bu reniy sulfidlarining yugori bargarorligi bilan izohlanadi.
Reniyning promotorlash ta'sirining platina katalizatorlarida oltingugurt mavjudligiga bog'lig.

Bimetall alyuminiy-platina degidrirlash katalizatorlarining yuqori samaradorligini hatto katalizatorning og'irligi bo'yicha 10% dan ortiq
koks bilan ham saglanishini tushuntirishga imkon beradi.

Neftkimyo sanoatidan aromatik uglevodorodlar olishning asosiy manbalaridan biri neft fraktsiyaladir. limiy tadgiqot izlanishlari sintetik
nafta asosida aromatik uglevodorodlar sintezini amalga oshirishdan iborat [9].

Sintetik nafta tarkibini asosan parafin uglevodorodlar tashkil etadi. Sintetik nafta tarkibidagi uglevodorodlar va ularning migdoriy massa
ulushi xromotografik tahlili 2-jadvalda keltirildi.

2-jadval
Sintetik nafta tarkibidagi uglevodorodlarning migdoriy massa ulushi
Uglevodorod uglerod soni, n. n-parfin 1zo-parafin Olefin uglevodorodlar
mass.ulush, % mass.ulush, % mass.ulush, %

3 0,0019 - -

4 2,3921 0,0063 -

5 13,8227 2,2181 0,0089

6 15,3571 2,6081 -

7 15,3702 3,0058

8 14,4928 2,2922 -

9 9,2066 4,1002 0,7729

10 - 4,7743 -

11 0,5046 0,2751

12 0,9086 4,8976

13 0,5916 -

14 1,3344 0,2726
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Xaromotogrfik tahlil natijalaridan ko‘rishimiz mumkinki, sintetik nafta tarkibida n-pentan, n-geksan, n-geptan, n-oktan, n-nonan
uglevodorodlari eng yugori massaviy ulushni tashkil etadi 10].

Olib borilgan izlanishlarga ko‘ra, n-pentandan n-oktangacha uglevodorodlar degidrosiklizasiya jarayoni bir xil sharoit va katalizatorda
amalga oshirilishi, sintetik nafta tarkibidan gaynash harorati fargi bilan ajratish olingan n-oktangacha bo‘lgan uglevodorodlardan monosiklik
aromatik uglevodorodlar olish natijalariga erishildi.

Tadgigot metodologiyasi. Birinchi (1) va ikkinchi (2) na‘munalarni sikllash reaksiyalarini o‘tkasish:

Birinchi namuna nafta 30ml, katalizator sifatida 5 gr Cr,0; hamda 15 gr AINiMo+bentonit katanizatorlari olindi. Reaktorga ogim
yo‘nalishi bo‘ylab birinchi Cr,O7 keyin AINiMo+bentonit solindi.

Tajriba qurulmasi termometr va manometr bilan jihozlangan reaktorda amalga oshirildi.

Bizning tadgigotimiz shuni ko'rsatdiki, n-pentan hagigatan ham o'zining barcha o'rganilgan gomologlari kabi sikllanmadi, n-geksan esa n-
oktan kabi sikllanadi. Shunday qilib, 350 °C va fazoviy tezlik 0,2 soat™ bo'lganda, yangi tayyorlangan katalizatorda n-pentan o*zgarishsiz qoldi, n-
geksan n-oktan esa 3,5-4,5% aromatik uglevodorodlarga aylandi.

Tahlil va natijalar. Olingan namunalar xromorografik tahlili orqali uglevodorod tarkibi namunalar asosida o‘rganildi (3, 4-jadvallar).

1. O‘zbekiston GTL naftasini (yuqorida ko‘rsatilgan tarkibdagi) 200ml hajmda 50 smli deflegmator va suvli sovitgich bilan jihozlangan
Vyurs kolbasiga solib, suvli vannada 80-90 °C gizdirildi. Deflegmator yugori gismi 50-55 °C haroratda haydab olindi. Haydab olingan suyuglik
umumiy hajmga nisbatan 25%ni, ya’ni 50ml tashkil etdi.

2. Birinchi tajribadan golgan naftani suvli vanna haroratini 100-105 °C ga oshirib, deflegmator yugosi haroratni 70 °C da ikkinchi na‘muna
olindi. Haydab olingan suyuqlik umumiy hajmga nisbatan 40% ni, ya‘ni 60 ml tashkil etdi.

3. Ikki xil haroratda haydab olingandan keyin kolbada qolgan goldig 80 ml ni tashkil etdi.

3-jadval
50-55 °C da haydab olingan namuna tarkibidagi uglevodorodlar migdori (mass.ulush, %)
Uglevodorod uglerod soni, n. n-parfin 1zo-parafin Olefin uglevodorodlar
mass.ulush, % mass.ulush, % mass.ulush, %
4 7.3024 0.0507 -
5 50.1284 8.3658 0.0231
6 22.2129 4.9980
7 2.9713 1.1049 -
8 0.3238 0.1190 -
Ikkinchi namuna 67-70 °C haydab olingan namunadagi uglevodorodlar migdori
4-jadval.
67-70 °C da haydab olingan namuna tarkibidagi uglevodorodlar migdori (mass.ulush, %)
Uglevodorod uglerod soni, n. n-parfin 1zo-parafin Olefin uglevodorodlar
mass.ulush, % mass.ulush, % mass.ulush, %
4 3.4469 0.0240 -
5 45.3701 6.5498 0.029
6 31.8108 7.0306
7 3.4788 1.4187
8 0.3068 0.1305

Nafta tarkibida ajratib olingan (1) va (2) namunalar tarkibida n-Cs-Cg parafin uglevodorodlar miqdor ulushi ko‘pligini ko‘rsatdi. Aromatik
uglevodorodlar sintezini, degidrosiklizasiya tajribalarini amalga oshirishda shu ikki na’munadan foydalanildi.

Xulosa.Sintetik nafta na’munalari (1), (2)ning aromatik uglevodorodlarga aylanishi va sintezi uchun yangi Katalitik tizimlar ishlab
chigilgan. Cr,0; katalizatori AINiMo+bentonit katalizatori bilan qo‘llanilganda na‘munalarning aromatik uglevodorodlarga birinchi
bochgichdayoq o‘tishi isbotlandi. Ushbu katalizatorlardan birgalikda foydalani n- geksan, n- geptan, n-oktan massa ulushi yuqori bo‘lgan nafta
uglevodorodlar aralashmasidan monoaromatik uglevodorodlarni yuqori unum bilan hosil bo‘lishi hamda ushbu sintez uchun yugqori selektivlikni
namoyon etdi.
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RUX(I1) IONINI MAGNEZON XC BILAN KOMPLEKS HOSIL QILISH REAKSIYASINING OPTIMAL SHAROITLARINI
ANIQLASH
Annotatsiya
Rux(I1) ionining 2-naftol-(1-azo-2)-4-xlorfenol-6’-sulfanat natriyli tuzi (Magnezon XC)) bilan rangli kompleksining hosil bo‘lish reaksiyalari
o‘tkazildi va optimal sharoitlari aniqlandi.
Kalit so‘zlar: 2-naftol-(1-azo-2)-4-xlorfenol-6’-sulfanat natriyli tuzi (Magnezon XC), rux(Il) ioni, optimal sharoitlar, Buger-Lambert-Ber gonuni.

OMNPEJEJEHUE ONITUMAJIBHBIX YCJIOBUM ITPOBEIEHAS PEAKIIUN KOMILTEKCOOBPA3OBAHUSI MOHOB [INHKA
(II) C MATHE3O0H XC
AHHOTaIUsS
TpoBezenbl peakuuu oOpa30BaHUs UBETHOro Komiuiekca uona umHka(ll) ¢ guuatpuesoit combto HarpueBas conbs 2-nadron-(1-azo-2)-4-
xa0pdeHon-6'-cybhanaTa U OHPEEICHbI ONTHMANIBHBIC YCIOBHS.
KuiaroueBble ciioBa: auHatpresas conb 2-Hadrou-(1-a30-2)-4-xnopdenon-6'-cynpbanar, non uuaka(ll), onrumansHsle ycioBus, 3akoH byrepa-
Jlambepra-bepa.

DETERMINATION OF THE OPTIMUM CONDITIONS FOR THE REACTION OF COMPLEX FORMATION OF ZINC (I1) IONS
WITH MAGNEZON XC
Annotation
The reactions of formation of a colored complex of the zinc (1) ion with of sodium salt 2-naphthol-(1-azo-2)-4-chlorophenol-6'-sulfanate were
carried out and the optimal conditions were determined.
Key words: sodium salt 2-naphthol-(1-azo-2)-4-chlorophenol-6'-sulfanate, optimal conditions, zinc(ll) ions, Bouguer-Lambert-Beer law.

Kirish. Ma’lumki, spektrofotometrik aniglash usulida xromogen reagentlar yordamida oraliq metallar, jumladan og‘ir va zaharli metall
[1-2] ionlarini aniglash gadim zamonlardan beri tasdiglangan va asosiy analitik usul hisoblanadi. Ushbu usulning afzalliklari uning sezgirligi,
selektivligi va eng muhimi amaradorligidir. Analitik kimyo fani qulay aniglash usullarni izlashda jadal rivojlandi, ammo spektrofotometrik usullar
0‘z o‘rnini yo‘qotmadi, chunki bu usullar soddalikni aniqlik bilan birlashtiradi va shuning uchun bugungi kunda ham dolzarbdir.

Ishdan magsad. 2-naftol-(1-azo-2)-4-xlorfenol-6’-sulfonat natriyli tuzi (Magnezon XC) yordamida rux(ll) ionlarini [3] kompleks hosil
qilish reaksiyalarini optimal sharoitlarini aniqlash, aniqligi, sezgirligi hamda tanlab ta’sir etuvchanligi yuqori bo‘lgan analitik aniglash uslubini
ishlab chigishdan iborat.

Tajriba gismi: Ushbu ilmiy ishda hozirgi davr talablariga javob beradigan analitik reagentlardan [4] biri Magnezon XC ning turli fizik-
kimyoviy tavsiflarini hamda ba’zi og‘ir va zaharli metallar bilan kompleks hosil gilish jarayonlarini o‘rganish va ular asosida ba’zi metallarning
mikromiqdorlarini aniglash uslublarini ishlab chigish, fizik-kimyoviy tavsiflarini aniglash, sanoat gotishmalarining standart namunalari va tabiiy
ob’yektlar tarkibidan aniqlash nazariy va amaliy jihatdan muhim ahamiyat kasb etadi.

Analiz jarayonida rux(l1) ionini 1,0 mg/ml li standart eritmasi, 0,05% li Magnezon XC reagenti va bufer eritmalardan foydalanildi. Ushbu
ilmiy tadgiqot ishda Magnezon XC reagentidan 0,05 gr tortib olib, 100 ml li o‘Ichov kolbasiga solindi va belgisigacha distillangan suvda eritildi.
Buning uchun ZnSO,-7H,0 (a.u.t.)markali tuzidan foydalanildi. Tuzning hisoblangan migdorini (0,4393 gr) ni analitik tarozuda tortib olib 100 ml
li o‘lchov kolbasiga solindi. Uni distillangan suvda eritib 1mg/ml li 100 ml li standart eritmasi tayyorlandi. Ishchi eritmalar esa har bir ish oldidan
Img/ml standart eritmasidan alikvot gism olib suyultirib tayyorlandi. Turli pH dagi bufer eritmalarni tayyorlash uchun “Analitik kimyo
ma’lumotnomasi” dan [5] foydalanildi. Tajriba natijalari konsenrasion fotokolorimetr (KFK-3) va pH metrda (pH/ISE Metter, Model 730P)
o‘lchandi.

Rux(l1) ionining Magnezon XC reagenti bilan kompleks birikmasining optimal nur filtrini tanlash. Ma’lumki har bir modda,
tabiatiga ko‘ra ma’lum to‘lqin uzunligidagi nurni yutadi. Shuni e’tiborga olgan holda rux(Il) ning Magnezon XC bilan kompleksining eng yugori
nur yutish sohasi quyidagi uslub bilan aniglandi. 25 ml li o‘lchov kolbasiga pH=7,61 ga teng bo‘lgan universal bufer eritmadan 5,0 ml, 0,05% li
Magnezon XC eritmasidan 1,0 ml, 100 mkg/ml li Zn (II) eritmasidan 1,0 ml solib, kolbaning belgisigacha distillangan suv bilan to‘ldirildi. Hosil
bo‘lgan kompleks birikmaning optik zichligi KFK-3, nur yutish qalinligi £=3,0 sm da har xil nur filtrlarida o‘lchandi. Solishtirma eritma sifatida
erkin eritma (rux (II) ionidan boshqa hamma komponentlar mavjud bo‘lgan eritma) dan foydalanildi. O‘Ichash natijalari 1-rasmda keltirildi. Olingan
natijalardan ko‘rinib turibdiki, rux(II) ning Magnezon XC reagent bilan kompleks birikmasi Anax=550 nm da yugqori optik zichlikni namoyon gildi.

Rux(II) ionining Magnezon XC reagenti bilan kompleks birikmasi optik zichligining eritma mubhiti(pH) ga bog‘liqligi. Reaksiyani
amalga oshirishning muhim shartlaridan biri, uning muhiti ekanligini hisobga olib rux (1) ionining Magnezon XC bilan bergan kompleks birikmasi
uchun optimal sharoit tanlashda pH ko‘rsatkichlari har xil bo‘lgan universal bufer eritmalar yordamida aniqlandi [6-7].

Aniglash uslubi: Buning uchun 25 mlli o‘Ichov kolbasiga 5,0 ml pH ko‘rsatkichi 3,17 dan — 13,1 gacha bo‘lgan universal bufer eritmasidan,
0,05% li Magnezon XC reagenti eritmasidan 1,0 ml, 100 mkg/ml li Zn (Il) ioni eritmasidan 1,0 ml solib kolba belgisigacha distillangan suv qo‘shib
suyultirildi. Kompleks birikma eritmalarining optik zichliklari KFK-3 da, Anex=550 nm da va qalinligi £=3,0 sm li kyuvetada o‘lchandi. Aniqlash
natijalari 2-rasmda keltirildi. 2-rasm natijalaridan ko‘rinib turibdiki, kompleks birikmaning eng yuqori optik zichligi pH=7,89-8,65 gacha oralig‘ida
kuzatildi va optimal muhit pH=7,61 tanlandi, chunki shu pH da optik zichlik maksimal qiymatga ega bo‘ldi.
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1-rasm. Zn(I1) kompleksi optik zichligining nur ~ 2-rasm. Kompleks birikma optik zichligining pH
filtriga bog‘ligligi ga bog‘ligligi
Kompleks birikma optik zichligining bufer eritma tarkibiga bog‘ligligini anigalsh uchun asosiy reaksiya (Zn?:Magnezon XC)
komponentlariga pH=7,61 bo‘lgan universal, boratli va glitsinli bufer eritmalar tayyorlandi.
Aniglash uslubi: Fotometrik eritmalar tayyorlash uchun yuqorida ko‘rsatilganidek, 25 ml li o‘lchov kolbalariga pH=7,61 bo‘lgan har xil
bufer eritmalardan 5,0 ml dan, 0,05% li Magnezon XC ning suvli eritmasidan 1,0ml, 100 mkg/ml li Zn (I1) ioni eritmasidan 1,0 ml solib, kolbaning
belgisigacha distillangan suv bilan suyultirildi. Optik zichliklari solishtirma eritmaga nisbatan o‘lchandi. Olingan natijalar 1-jadvalda keltirildi.

1-jadval
Optik zichlikning bufer eritma tarkibiga bog‘ligligi (KFK-3, 1=3,0 sm, n=3)
Bufer eritma nomi Bufer eritmaning tarkibi pH Agpr
Universal (H3PO4+CH3COOH+H3BO3+NaOH) 7,61 0,753
Boratli (Na2B407-10H.0 7,61 0,314
Atsetatli (CH3COOH+CH3COONa) 7,61 0,337
Na va K-fasfatli (KH2PO4-Na;HPO4 7,61 0,453

Natijalardan ko‘rinib turibdiki, universal bufer eritma yordamida kompleks birikma hosil qilinganda maksimal optik zichlik kuzatildi.
Keyingi tadqiqot ishlarida pH=7,61 bo‘lgan universal bufer eritmadan foydalanildi.

Kompleksining vaqgtga nisbatan barqgarorligi. Kompleksning bargarorligini aniglash uchun, eritmaning optik zichligini vagtga nisbatan
barqgarorligi o‘rganildi. Aniglash uslubi: 25 ml li o‘lchov kolbasiga 100 mkg/ml li rux(II) eritmasidan 1,0 ml, 0,05% li Magnezon XC reagentidan
1,0 ml va 5,0 ml (pH=7,61) universal bufer eritmadan solinib, kolbani belgisigacha distillangan suv bilan to‘ldirildi. Hosil bo‘lgan kompleks birikma
optik zichligi ma’lum vagqtlar oralig‘ida solishtirma eritmaga nisbatan o‘lchandi. Olingan natijalar 2-jadvalda keltirildi. Tajriba natijalari shuni
ko‘rsatadiki, kompleks birikmaning optik zichlik qiymati 160 minutgacha barqarordir va keyinchalik biroz pasayishi kuzatildi. Bu vaqt oralig‘ida
analizni bajarish uchun yetarli ekanligini xulosa gilish mumkin.

Kompleks birikma tarkibiy komponentlarining quyilish tartibini o‘rganish. Reaksiyaning unumi komponentlar quyilish tartibiga ham
bog‘ligligini e’tiborga olgan holda eritmalarni yuqorida ko‘rsatilgan usul bilan tayyorlandi va komponentlarning quyilish tartibini o‘zgartirib, 9 xil
quyilish ketma-ketligida bir nechta tajribalar o‘tkazildi. Olingan natijalardan xulosa qilish mumkinki, olib borilgan tajribalarning 8 quyilish
tartibida yuqori optik zichlik kuzatildi va keyingi tadgiqgot ishlarida 8-quyilish tartibi tanlandi (2-jadval).

2-jadval
Kompleks birikma optik zichligining vagtga nisbatan bargarorligi va komponentlarning quyulish tartibini o‘rganish natijalari
(C2:*=100,0 mkg/ml, C1z=0.05%, pH=7,61, £=3,0 sm, Amax=550 nm, n=3)
A

No tmin tmin A Ne Quyulish tartibi A o‘rt
1 1 0,715 80 0,715 1 Bufer-reagent-rux-dist.suv 0,708
2 5 0,715 90 0,715 2 Bufer-reagent-dist.suv-rux 0,698
3 10 0,715 100 0,715 3 Dist.suv-rux-bufer-reagent 0,683
4 20 0,715 110 0,715 4 Reagent-bufer-rux-dist.suv 0,694
5 30 0,715 120 0,715 5 Reagent-rux-bufer-dist.suv 0,699
6 40 0,715 130 0,715 6 Rux-reagent-bufer-dist.suv 0,648
7 50 0,715 140 0,715 7 Rux-dist.suv-bufer-reagent 0,687
8 60 0,715 160 0,715 8 Rux-bufer-reagent-dist.suv 0,725
9 70 0,715 180 0,711 9 Dist.suv-bufer-rux-reagent 0,705

Kompleks birikma optik zichligining qo‘shilayotgan reagent miqdoriga bog‘liqligi. Amaliy tadgiqotlarda metallni kompleksga to‘la
bog‘lanishi uchun reagentning ortiqgcha miqdori olinadi. Shu maqgsadda kompleks birikma optik zichligining qo‘shilgan reagent miqdoriga
bog‘ligligini o‘rganish uchun 25,0 ml li o‘lchov kolbalarida fotometrik eritmalar tayyorlandi [6-7].

Aniglash uslubi: 25,0 ml li o‘lchov kolbalariga 100,0 mkg/ml li Zn (II) ioni eritmasidan 1,0 ml, 5 ml pH=7,61 bo‘lgan universal bufer
eritma va o‘zgaruvchan miqdordagi 0,1-1,8 ml gacha 0,05% li Magnezon XC suvli eritmasi hamda kolbaning belgisigacha distillangan suv solib
suyultirildi. Kompleks birikma optik zichligi KFK-3 da, kyuveta qalinligi {=3,0 sm da solishtirma eritmaga nisbatan o‘lchandi. Olingan natijalar
3-jadval va 3-rasmda keltirildi.

3-jadval

Kompleks birikma optik zichligining qo‘shilgan reagent miqdoriga bog‘ligligi
Cz2"=100,0 mkg/ml, pH=7,61, KFK-3,0=3,0 sm, Amax=550 nm, n=3)
02 0.4 06 038 1 12 14 16 18

Vhr, ml
A 0,086 0,181 0,273 0,367 0,459 0,551 0,648 0,753 0,742

3-jadval va 3-rasm natijalardan ko‘rinib turibdiki, 100,0 mkg/ml Zn (I1) ionini kompleksga to‘la bog‘lash uchun 1,6 ml 0,05 % li reagent
eritmasi yetarli ekan. Keying tadgiqot ishlarida 1,6 ml reagentning 0,05% li eritmasidan foydalanildi.

Kompleks birikma optik zichligining element miqdoriga bog‘ligligi (Buger-Lambert-Ber gonuniga bo‘ysinishi). Rux (I1) ionining
Magnezon XC bilan bergan kompleksi eritmasining Ber qonuniga bo‘ysunishi tanlangan optimal sharoitlarda o‘rganildi [6].

Aniglash uslubi: 25,0 ml o‘lchov kolbalariga Zn (II) ning 100,0 mkg/ml li eritmasining o‘zgaruvchan miqdorlarida, pH=7,61 bo‘lgan
universal bufer eritmasidan 5 ml, 1,6 ml 0,05% li 2-naftol-(1-azo-2)-4-xlorfenol-6’-sulfonat natriyli tuzi eritmasidan va kolbaning belgisigacha
distillangan suv solib suyultirildi. Eritmalarni aralashtirib optik zichliklari (Amax=550 nm, £=3,0 sm) solishtirma eritmaga nisbatan o‘lchanadi.
Olingan natijalar 4-rasmda Keltirildi va Buger-Lambert-Ber qonuniga bo‘ysinish sohasi 25,0 ml eritmada 5,0-35,0 mkg gacha bo‘lgan oraliqda
kuzatildi. Undan yuqori konsentratsiyada to‘g‘ri chiziqli bog‘lanishdan chetlanish ro‘y berdi [7].
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3-rasm. Optik zichlikning qo‘shilgan reagent 4-rasm. Optik zichlikning Zn? migdoriga
miqdoriga bog‘liqligi bog‘ligligi

Rux (1) ionining Magnezon XC reagenti bilan hosil gilgan kompleksining spektral tavsifi: Rux (1) ionining 2-naftol-(1-azo-2)-
4xlorfenol-6’-sulfanat natriyli tuzi bilan hosil gilgan kompleksni tanlangan optimal sharoitda yutulish spektrlari olindi.

Aniglash uslubi: 25,0 ml li o‘lchov kolbalasiga rux (II) ning 35,0 mkg/ml li eritmasidan 1 ml, pH=7,61 bo‘lgan universal bufer
eritmasidan 5 ml, 0,05% li 5 Magnezon XC ning eritmasidan 1,6 ml va kolbaning belgisigacha distillangan suv solib suyultirildi. Hosil gilingan
kompleks birikma yutilish spektri solishtirma eritmaga nisbatan nur yutish galinligi ¢=3,0 sm bo‘lgan kvarts kyuvetada, konsentratsion
fotokolorometr “KFK-3"Ana=550 nm da o‘Ichandi. Reagentning yutulish spektrlari esa distillangan suvga nisbatan o‘lchandi. Olingan natijalar 4-
jadvalda keltirildi. Rasmda keltirilgan yutilish spektri bo‘yicha Magnezon XC reagentini maksimal nur yutish sohasi A=585 nm da joylashgan, mis
kompleksining maksimal nur yutish sohasi A=550 nm da kuzatildi.

4-jadval
2-naftol-(-1azo-2)-4-xlorfenol-6’-sulfonat natriy (HR) reagenti va uning rux (ZnR) bilan kompleksining spektral tavsifi
(Czn?*=35 mkg/ml, £=3,0 sm, Anax=550 nm, pH=7,61, n=3)

Maksimal Sendel  bo'yich
Kompleks A, nm AL | Cat mkgl | Calt, < ence boyiena
rangi pH MR HR nm 25 mn mol/l A sezgirligi,
mkg/sm?
Qizil binafsha 7,61 550 585 35 35,0 3,06-10% 0,753 0,0026
Metodning Sendel bo‘yicha sezgirligi quyldagl formula bilan hisoblandi:
-0.001 50-1-0.001 B 2
Sebs = = = 0,0026 mkg/sm

A 25 0,753 - 25

Sendel bo‘yicha sezgirligi 0,0026mkg/sm? ga teng ekanligi aniglandi.

Olingan natijalardan ko‘rinib turibdiki, reaksiyaning kontrastligi A=35 nm va Sendel bo‘yichasezgirli Ssps=0,0026 mkg/sm? tengligi
yugori sezgirlikga ega ekanligini bildiradi.

Rux (1) ionining Magnezon XC reagenti bilan bergan kompleksining tarkibiy mollar nisbatini aniglash:

Rux (I1) ionining Magnezon XC bilan hosil gilgan kompleksida komponentlarning mollar nisbatlari izomolyar seriyalar va Asmusning
to‘g‘ri chiziglar usullari bilan aniglandi [6-7] (Cz?*=35 mkg/ml).

Kompleks birikma tarkibini 1zomolyar seriyalar usuli yordamida aniglash

Rux (I1) ionining Magnezon XC bilan hosil gilgan kompleksidagi mollar nisbatini izomolyar seriyalar usuli yordamida aniglash uchun
mis(ll) ioni va reagentning teng konsentratsiyali eritmalari ishlatildi (Cz,2*=Cnr=7,648-10*M.).

Aniglash uslubi: 25,0 ml li o‘lchov kolbalarida qator eritmalar tayyorlandi. Buning uchun rux(Il) ionining o‘zgaruvchan miqdorli
eritmalari (9,0-1,0 ml gacha) dan har biriga pH=7,61 bo‘lgan universal bufer eritmasidan 5,0 ml dan va ustiga o‘zgaruvchan miqdordagi 0,05% li
Magnezon XC reagenti eritmasi (1,0 ml-9,0 ml gacha) dan qo‘shib kolba belgisigacha distillangan suv bilan suyultirildi va aralashtirildi.
Tayyorlangan eritmalarning optik zichligi KFK-3 da Amx=550 nm, nur yutulish galinligi £=3,0 sm bo‘lgan kyuvetalarda solishtirma eritmaga
nisbatan o‘Ichandi. Olingan natijalar 5-rasmda keltirildi. Tadgigot natijalarida 1zomolyar seriyalar metodi bilan hosil gilgan kompleksining tarkibi
Zn?*:HR=1:2 mollar nisbatiga to‘g‘ri keldi.

Kompleks tarkibini Asmusning to‘g’ri chiziglar usuli yordamida aniqlash. O‘zaro ta’sir etuvchi komponentlarning stexiometrik
nisbatlarini grafik usulda aniglash uchun (I/V)"™I/A bog‘liqlik grafigi tuzildi. Bu bog‘liglik fagat n ning qiymati haqiqiy qiymat uchun to‘g‘ri
chizigni ifodalaydi [6-7].

Aniglash uslubi: 25,0 ml li o‘Ichov kolbalariga 35,0 mkg/ml li Zn (II) ning eritmasidan 1,0 ml, 5 ml pH=7,61 bo‘lgan universal bufer
eritma, o‘zgaruvchan miqdorda 0,05% li Magnezon XC eritmasidan (0,2-1,6 ml gacha) va belgisigacha distillangan suv bilan suyultirilib
aralashtirildi. Tayyorlangan fotometrik eritmalarning optik zichliklari KFK-3 da Ama=550 nm, nur yutish qalinligi £=3,0 sm bo‘lgan kyuvetalarda
solishtirma eritmaga nisbatan o‘lchandi. Olingan natijalar 6-rasmda keltirildi.

(1vp

L8+

1.6 + =3
14+
12 +
10—
08 4
06 +
04 +

+ t Vi =1
[ R I 02T . K——o———’—_—’
9 i 7 Ll H 4 H 1 1 Me 0 = - | .
0 J 10 15 20 w A
5-rasm. Izomolyar seriyalar metodi 6-rasm. Asmusning to‘g‘ri chiziglar usuli yordamida
yordamida aniqglash grafigi aniglash grafigi

Olingan natijalar shuni ko‘rsatadiki, to‘g‘ri chiziq 1:2 mollar nisbatiga to‘g‘ri keldi. Demak, izomolyar seriyalar metodi ham, Asmusning
to‘g ri chiziglar metodi ham bir-birini tasdigladi va tarkib Zn:R=1:2 nisbatda ekanligini ko‘rsatdi.

Xulosa. Rux (IlI) ionining Magnezon XC reagenti bilan rangli kompleks birikmasining optimal sharoitlari: reagent va uning rux(ll) ioni
bilan hosil gilgan kompleksning yutilish spektrlari (Amax(HR)=585 nm, Amax(ZNR)=550 nm), kompleksning tarkibiy mollar nisbati izomolyar
seriyalar va Asmusning to‘g’ri chiziglar usullari (Zn:R=1:2) bilan va Buger-Lambert-Ber qonuniga bo‘ysunishi sohasi 5,0-35,0 mkg/25ml ga
ekanligi aniglanib spektrofotometrik uslub tavsiya etildi.
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SKANDIY IONINI 1-(2-GIDROKSI-1-NAFTOAZO)-2-NAFTOL-4-SULFOKISLOTA BILAN ELEKTROKIMYOVIY ANIQLASHGA
FON ELEKTROLITLAR TA’SIRI
Annotatsiya

Skandiy ioni elektrotexnikaning rivojlanishida muhim o‘rin tutadi, shuning uchun uni aniglash va ajratib olish usullarini ishlab chigish dolzarb
muammolardan biri hisoblanadi. Uni aniglashda 1-(2-gidroksi-1-naftoazo)-2-naftol-4-sulfokislotasini qo‘llagan holda turli fon elektrolitlarning
ta’sirini o‘rganish magsadida ilmiy tadqiqot ishi olib borildi. Fon elektrolitlar 1-(2-gidroksi-1-naftoazo)-2-naftol-4-sulfokislotasini tarkibida
gidroksil va azo guruh bilan skandiy ioni kompleks hosil gilish imkoniyatini yaratadi va skandiy ionining mikromigdorlarini aniglashga yordam
beradi. Skandiy ionini 1-(2-gidroksi-1-naftoazo)-2-naftol-4-sulfokislotasini bilan kompleks hosil qilishi diffusiya koeffitsiyentining 3,7-102 ga
oshishi va garshilikning 1-10° ga pasayishi bilan isbotlandi.

Kalit so‘zlar: 1-(2-gidroksi-1-naftoazo)-2-naftol-4-sulfokislota, fon elektrolit, xronoamperometriya, tafel, impedans spektroskopiyasi.

BJUSIHUE ®OHOBBIX JJEKTPOJIUTOB HA DJIEKTPOXUMUYECKOE ONPEJEJIEHUE NOHA CKAHAUA C 1-(2-
T'NJPOKCH-1-HA®TA30)-2-HADPTOJI-4-CYJIbPOKUCTIOTAM
AHHOTaIUsS

VloH cxanaus 3aHMMaeT BaXXKHOE MECTO B PAa3BUTHM HJICKTPOTEXHUKH, II03TOMY pa3paboTKa METOJ0B €ro OOHAPYKEHHUS W BBIICICHUS SBISICTCS
OIHOW W3 aKTyaJbHBIX 3aja4. [l ee ompeeneHus ObUIM HPOBEACHbI Hay4HbIC MCCIICJOBAHUS [0 M3YYCHMIO BIMSHMS PAa3IHYHBIX (OHOBBIX
JIEKTPOJIMTOB C HCIONB30BaHueM |-(2-runpokcu-1-Hadroaso)-2-Hadron-4-cyiabpoknciaorsl. DOHOBBIA AIEKTPOIUT CO34AET BO3MOXKHOCTD
00pa3oBaHMs KOMILIEKCA HOHOB cKaumus ¢ 1-(2-ruapokcu-1-uHadroaso)-2-Hadron-4-cyab(pOKUCIOTON ¢ THAPOKCHILHON W a30TpYNION u
[IOMOTAET ONpPEEIIATh CIENOBbIE KOJIMUECTBAa MOHOB cKaHaust. OOpa3oBaHue KOMILIEKCAa HOHA CKaHaus ¢ 1-(2-ruapokcu-1-Hadroaso)-2-Hadroi-
4-cynb(hOKHCIIOTOl 10Ka3aHO yBemmueHneM Koddduuuenta nupdysuu Ha 3,7-102 u cHmKeHHeM conpoTHBieHns Ha 1-1075,

KuawoueBsie cuoBa:  1-(2-ruppokcu-1-Hadroaso)-2-Hadron-4-cynbhokucinora, (HOHOBBIA  BIEKTPOIUT, XpoHoamiepoMerpusi, Tader,
MMIIE/IaHCHAs! CTICKTPOCKOIIHS.

INFLUENCE OF BACKGROUND ELECTROLYTES ON ELECTROCHEMICAL DETERMINATION OF SCANDIUM ION WITH
1-(2-HYDROXY-1-NAPHTHAZO)-2-NAPHTHOL-4-SULFONIC ACIDS
Annotation

Scandium ion plays an important role in the development of electrical engineering, so the development of methods for its detection and isolation is
one of the urgent tasks. To determine it, scientific studies were conducted to study the effect of various background electrolytes using 1-(2-hydroxy-
1-naphthoazo)-2-naphthol-4-sulfonic acid. The background electrolyte creates the possibility of forming a complex of scandium ions with 1-(2-
hydroxy-1-naphthoazo)-2-naphthol-4-sulfonic acid with a hydroxyl and azo group and helps to determine trace amounts of scandium ions. The
formation of a complex of scandium ion with 1-(2-hydroxy-1-naphthoazo)-2-naphthol-4-sulfonic acid is proven by an increase in the diffusion
coefficient by 3.7-10% and a decrease in resistance by 1-10°. Key words: 1-(2-hydroxy-1-naphthoazo)-2-naphthol-4-sulfonic acid, background
electrolyte, chronoamperometry, Tafel, impedance spectroscopy.

Key words: 1-(2-hydroxy-1-naphthoazo)-2-naphthol-4-sulfonic acid, background electrolyte, chronoamperometry, Tafel, impedance
spectroscopy.

Kirish. Skandiy metali tabiatda kam targalgan bo‘lib, minerallar va texnologik obyektlar tarkibida yondosh metall sifatida uchraydi.
Skandiy minerallar va texnologik obyektlar tarkibiga ion radiusi bir-biriga yagin bo‘lgan siyrak — yer elementlari bilan birlashgan uchrashuvi
tufayli, uni ajratish va aniglashda bir necha giyinchiliklarga olib keladi. Shunga garamasdan elektrotexnikaning rivojlanishi, hamda
korroziyabardosh, issiglikka chigadli materiallarga bo‘lgan talabning oshishini uni ajratishni tagoza etadi. Shuning uchun uni yugori sezuvchanlik,
aniglik va aniglangan kontsentratsiyalarning keng diapazoni bilan aniglashning yangi tahliliy usullarini ishlab chigish va mavjud tahlil usullarini
takomillashtirish muayyan gizigish uyg‘otadi.

Skandiyni aniglash uchun turli ekstraktorlar va erituvchilar bilan ekstraktsiya [1-2] qo‘llaniladi. Kislota bilan to‘yingan eritma gatroni [7],
neytrallangan boksit goldig‘i (NBR) [4], MgSO, [5], konsentrlangan sulfat kislota, 200-400 °C da pechda pishirilgan [6], iminofenol 3,5-but,-2-
HOCgH,CH=NX (X=8-CqHsN, 2-MeO-5-MeC¢H; va 2-PhOCgH, ning toluoldagi eritmasi [7], 1-alkilkarbotsiklo-3-metilimidazolium-
bis(triflorometansulfonil)imidoik kislota ([(CH2)NCOOHmin ][Tf,N]) (n = 3,5,7) va 1-alkil-3-metilimidazolium bis(triflorometansulfonil)imid
([trifluorometansulfonil)imid] [Tf2N) ( n = 4,6,8,10) [8] usulini ishlab chigarish chiggan.

Shundan kelib chigib yugori sezuvchan, anig va kam migdordagi kontsentratsiyalarni aniglash texnikani ishlab chigish kerak. Bundan
tashqari, bu usullar texnik va uslubiy jihatdan sodda, zamonaviy, bajarilishi nisbatan tez va tahlil gilish uchun arzon bo‘lishi kerak.

Materiallar va kimyoviy moddalar. Skandiy ionlarining 1-10-* M standart eritmasini tayyorlash uchun 0,30297 g Sc(NO3)3-4H,0 tuzi
(k.t. 99,9%, OCHYV kompaniyasi) olindi va 100 ml li kolbada eritildi.

1-(2-gidroksi-1-naftoazo)-2-naftol-4-sulfokislota Chem-Impex kompaniyasidan sotib olindi va tahlil gilish uchun foydalanildi. Ushbu
kislotaning 0,1% li eritmasini tayyorlash uchun 0,1000 g o‘Ichov kolbasiga solingan va 100 ml ikki marta distillangan suv go‘shilgan.

Fon elektrolitlarini tayyorlash. pH (1-12) bilan universal bufer eritmalar: 0,04 M (HsBO;, HsPO,, CH;COOH) 0,2 M NaOH eritmasi bilan
aralashmasi [9].

Elektrokimyoviy jarayonlar CS 350 Potentiostat/Galvanostatda 3 ta germetik yacheykali elektrodlari: 2 ta platina elektrodlari va etalon
sifatida kumush xlorid (AgCl||Ag) elektrodlari yordamida amalga oshirildi.

Natijalar va muhokama. 1-(2-gidroksi-1-naftoazo)-2-naftol-4-sulfokislotani skandiy (I11) ioni bilan kompleks birikma hosil gilishini
elektrokimyoviy o‘rganish uchun dastlab organik reagentning elektroksidlanishi xronopotentsiometrik va tafel usullarida har hil kuchlanishda va
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turli tabiatli fon elektrolitlar tasirida o‘rganildi va olingan natijalarga ko‘ra 1-(2-gidroksi-1-naftoazo)-2-naftol-4-sulfokislota reagentini pH=2,58 li
universal bufer (aralashma 0,04 M (H3BO3, HsPO,4, CH;COOH) bilan 0,04 M NaOH eritmasi) sistemasida 1,0 V da to‘liq oksidlanish-qaytarilishga
uchrashi hamda yarim to‘lqin potensiali 0,47 V ga tengligi [10] aniglandi.

1-(2-gidroksi-1-naftoazo)-2-naftol-4-sulfokislotani skandiy (I11) ioni bilan elektrokimyoviy usulda aniglash mexanizmini aniglash uchun
xronoamperometrik, tafel va elektrokimyoviy impedans spektroskopiya usullaridan foydalanilib o‘rganildi. Bunda reagent bilan skandiy (111) ionini
xronoamperometrik va tafel usulida aniglashga kuchlanish va fon elektrodining tasiri o‘rganildi.

Reaktiv 1-(2-gidroksi-1-naftoazo)-2-naftol-4-sulfokislota va skandiy (I11) ionlarini bilan kompleks hosil bo“lishi suvli hamda fon elektrolit
(pH=2,58 bo‘Igan universal bufer) da xronoamperometrik usul yordamida o‘rganildi. Olingan natijalar 1-2-rasmda ko‘rsatilgan.

Current/A

50x10 3

T T ) e 8 10 12 e
s 0 2 o1
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] s
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1-rasm. Neytral muhitda 1-(2-gidroksi-1-naftoazo)-2- 2-rasm. pH = 2,58 universal buferda 1-(2-gidroksi-1-naftoazo)-2-
naftol-4-sulfokislota reaktivi bilan skandiy (l11) ionlari naftol-4-sulfokislota reaktivi bilan skandiy (111) ionlari kompleks
kompleks hosil bo‘lishining xronoamperometrik grafigi. hosil bo‘lishining xronoamperometrik grafigi.

Yugoridagi 1-rasmdan xulosa gilib shuni aytish mumkinki, 0,2 V kuchlanishda suvning peroksid hosil gilish uchun oksidlanishi kuzatiladi.
0,6 V kuchlanishda kompleks birikma xosil bo‘layotganini ko‘rishimiz mumkin. 1,0 V kuchlanishda esa reagentning oksidlanishini hamda
go‘shimcha maxsulotlar xosil bo‘layotganini xulosa gilishimiz mumkin.

2-rasmdagi 0,2 V kuchlanishda ham suvning peroksid hosil gilish uchun oksidlanishi kuzatiladi. Muhitning kislotaliligi kompleks hosil
bo‘lish reaksiyasini 0,6 V kuchlanishga o‘tkazadi, bu kompleks hosil bo‘lishi tufayli vodorod ionlarining ajralishidan dalolat beradi. 1,0 V
kuchlanishda reagent oksidlanadi va go‘shimcha oralig mahsulotlar hosil bo‘ladi.

Bundan xulosa gilib pH=2.58 bo‘lganda kompleks birikma xosil bo‘lish vaqti gisqaradi. Kottrel tenglamasi yordamida kompleks
birikmaning elektronlar soni va diffuziya koeffitsienti hisoblanadi. I =n-F-A-D'?-C,- ©~%/?-t~'/2, Bundan diffuziya koeffitsienti 3,7-102
ga va elektronlar soni 2 ga tengligi hisoblab topildi.

Skandiyning 1-(2-gidroksi-1-naftoazo)-2-naftol-4-sulfokislota bilan kompleks birikma hosil bo*lishiga eritma kislotaliligining ta’siri tafel
yordamida o‘rganildi. Tahlil shartlari tafel usulida bo‘lgani kabi 3 ta elektrodli germetik yacheykada o‘tkazildi va olingan natijalar 3-rasmda
keltirilgan.
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3-rasm. 1-(2-gidroksi-1-naftoazo)-2-naftol-4-sulfokislota bilan pH=2,58 bo‘lgan universal buferda skandiy kompleksining tafeli.

Rasmda kislotali pH = 2,58 muhitda 1-(2-gidroksi-1-naftoazo)-2-naftol-4-sulfokislota tarkibida diazo va gidroksil guruhi faollashishi va kompleks
hosil bo‘lish xususiyatlari ortishi, skandiyning kompleks birikmasining yarim to‘lgin potentsiali 0,165 V, reaktiv esa 0,47 V ligi [10], potentsial
ko‘prog manfiy sohaga siljiydi, bu skandiyning kompleks birikma xosil bo‘lganligini ko‘rsatadi.

1-(2-gidroksi-1-naftoazo)-2-naftol-4-sulfokislota reaktivi bilan skandiyning kompleksining hosil bo‘lishini elektr o‘tkazuvchanligining hamda
elektrod yuzasida garshilikning o‘zgarishi bilan aniglash mumkin. Shuning uchun skandiyning kompleks tuzilishi elektrokimyoviy impedans
spektroskopiyasi bilan o‘rganildi.

Elektrokimyoviy impedans spektroskopiyasi: 100 ml sig‘imli germetik yacheykaga 1,0 ml 0,1% reagent eritmasi va 1,0 ml go‘shildi skandiy va
bufer aralashtirildi va eritmaning garshiligi 0 dan 7000 ming Gerts oralig‘ida o‘lchandi. Olingan natijalar 4-6-rasmlarda ko‘rsatilgan. Suv va
reagentning impedans spektrlari ham xuddi shunday tarzda olingan.
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4-rasm. 1) suv; 2) 1-(2-gidroksi-1-naftoazo)-2-naftol-4- 5-rasm. 1) suv, 2) 1-(2-gidroksi-1-naftoazo)-2-naftol-4-
sulfokislota reaktivi; 3) Skandiy kompleksining reaktiv bilan sulfokislota reaktivi; 3) Reagent bilan skandiy
grafigi. kompleksining Bode grafigi
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6-rasm. 1) suv, 2) 1-(2-gidroksi-1-naftoazo)-2-naftol-4-sulfokislota reaktivi; 3) 1-(2-gidroksi-1-naftoazo)-2-naftol-4-sulfat kislota
reaktivi bilan skandiy ioning kompleksining Vargburg grafigi.

Skandiy ionlari reagent bilan kompleksi hosil bo‘lishi hisobiga reaktiv va suvga qaraganda kompleks eritmaning qarshiligi 1-10”° ga
pasayadi va elektr o‘tkazuvchanligi ortadi. Vodorodning yuqori harakatchanligi tufayli reagent kislotali xususiyatga ega va metall ionlari bilan
reaksiyaga kirishib, murakkab birikmalar hosil giladi.

Skandiy (lIl) ioni 1-(2-gidroksi-1-naftoazo)-2-naftol-4-sulfokislota reaktivi bilan hosil gilgan kompleks birikmasining diffuziya
koeffitsienti 4,9-10* 1-(2-gidroksi-1-naftoazo)-2-naftol-4-sulfokislota reaktivi bilan zirkoniy (IV) ionini hosil gilgan kompleks birikmasining
diffuziya koeffitsientidan yuqoriligi, hosil bo‘lgan kompleks birikmalarning elektronlari soni 2, yarim to‘lgin potentsiali skandiy ioni kompleksi
uchun 0,165 V ga hamda sirkoniy ioni kompleksi uchun -0,47 V ga tengligi [10] 1-(2-gidroksi-1-naftoazo)-2-naftol-4-sulfokislota reaktivining
skandiy (I11) ionini bilan hosil gilgan kompleksi uni sirkoniy (V) ioni bilan hosil gilgan kompleks birikmasidan bargaror ekanligini anglatadi.

Xulosa. Tadgigotlardan shuni xulosa gilish mumkinki, skandiy ionini naftoyazo reagenti bilan kompleks hosil gilishi pH=2,58 li universal
bufer (aralashma 0,04 M (HsBO;, H3;PO,, CH;COOH) bilan 0,2 M NaOH eritmasi) sistemasida kompleks hosil bo‘lish reaksiyasi
xronoamperometrik va siklik voltamperometrik, elektrokimyoviy impedans spektroskopik usullarda aniglandi. Natijalardan skandiy ioni 1-(2-
gidroksi-1-naftoazo)-2-naftol-4-sulfokislota reaktivi bilan bargaror kompleks hosil gilishi diffusiya koeffitsiyentining 3,7-102 ga oshishi va
garshilikning 1-10° ga pasayishi bu reagent bilan skandiy (111) ioni yetarlicha kompleks hosil gilishidan hamda bu skandiy ionini 1-(2-gidroksi-1-
naftoazo)-2-naftol-4-sulfokislota reaktivi bilan tabiiy obyektlar tarkibidan aniglash mumkiligidan dalolat beradi.
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SYNTHESIS AND BIOLOGICAL ACTIVITY OF SOME TRIAZOLE AND DIAZOLE PRESERVED AMIDES OF INDOLE-3-
BUTYRIC ACID
Annotation
In this study, new amides were synthesized based on indole-3-butyric acid (IBA) and their physicochemical and biological properties were
investigated. Indole-3-acetic acid reacted with thionyl chloride to form indole-3-butyric acid chloride, which was then used to synthesize 1H-indol-
3-butyric 4-aminoantipyrine amide. The purity and structure of the synthesized amides were confirmed using infrared (IR) spectroscopy, mass
spectrometry (HPLC-MS), and ultraviolet (UV) spectroscopy.
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CHUHTE3 U BUOJIOT'HTYECKASA AKTUBHOCTb HEKOTOPBIX TPUA30JIbBHBIX, TMUA3OJICOJEPKALIIUX AMUIOB
WHJI0JI-3- MACJITHOM KUCJIOTHI
AHHOTaIUA

B nanHO#N paboTe CHHTE3HMPOBAaHBI HOBBIC aMHUIBl HA OCHOBE HHAON-3-MacisiHoi Kuciothl (MUMK), usydeHbl MX (GH3UKO-XHUMHUYECKHE H
6uonornueckue coiictea. UMK U THOHHIXJIOpH] pOpearupoBay ¢ 00pa3oBaHHEM XJIOPTHAPHAA MHIONI-3-OyTHIOBOH KUCIOTHL, a 3aTeM H3
9TOro mponaykTa Obut cuHTe3upoBaH |H-uumon-3-0ytii-4-aMuHOaHTUIIUPHHAME. YHCTOTa U CTPYKTYpa MPOU3BOIHBIX OBUIH MOATBEPIKICHBI
Mmetonamu uHdpaxpacHoit (MK) ciekrpockonuu, Macc-ClieKTpoMeTpuu U yibTpaduonetoBoid (YD) CrieKTpOCKOIHIH.

KaroueBnle cioBa: nHnon-3-MacisiHas kuciora (MMK), amunsl, cunTe3, nHdpakpacHas cnektpockonms (K), Macc-ciexrpomerpus (BOXX-
MC), ynbrpacduoneroBas cuekrpockors (YD), buonornueckasi akTHBHOCTb, IIPOTHBOTPHOKOBBIE CBOMCTBA, PACTCHHE.

INDOL-3-MOY KISLOTANING AYRIM TRIAZOL, DIAZOL SAQLAGAN AMIDLARI SINTEZI VA BIOLOGIK FAOLLIGI

Annotatsiya

Ushbu tadgiqotda indol-3-moy kislotasi (IMK) asosida yangi amidlar sintez gilindi va ularning fizik-kimyoviy hamda biologik xususiyatlari

o‘rganildi. IMK va tionil xlorid o‘zaro reaksiyaga kirishib, indol-3-butil kislota xlorangidridi hosil gildi, so‘ngra bu mahsulotdan 1H-indol-3-butil

4-aminoantipirin amidi sintez qgilindi. Hosilalarning tozaligi va tuzilishi infragizil (IR) spektroskopiya, mass-spektrometriya va ultrabinafsha (UB)

spektroskopiya usullari yordamida tasdiglandi.

Kalit So‘zlar: indol-3-moy kislotasi (IMK), amidlar, sintez, infragizil spektroskopiya (IR), Mass-spektrometriya (HPLC-MS), ultrabinafsha

spektroskopiya (UB), biologik faollik, antifungal xususiyatlar, o‘simlik o‘sishi.

Kirish. O‘simlik gormonlari - past molekulyar og'irlikdagi tabiiy mahsulotlar bo‘lib, ular o‘simlikning hayot aylanishi davomida barcha
fiziologik va rivojlanish jarayonlarini tartibga solish uchun mikromolyar (yoki undan ham past) kontsentratsiyalarda ishlaydi. Ushbu tuzilmaviy
jihatdan xilma-xil birikmalarga auksinlar, sitokininlar, abstsiz kislotasi, gibberellinlar, etilen, poliaminlar, jasmonatlar, salitsil kislotasi va
brassinosteroidlar kiradi.

Mavzuga oid adabiyotlar tahlili. O‘simliklarda o‘simlik gormoni miqdori juda past, ammo u o‘sish va rivojlanishni tartibga soluvchi
deyarli har bir jarayonda ishtirok etadi, jumladan, o‘z o‘sishi va metabolizmini tartibga solish va atrof-muhitdagi noqulayliklarga moslashishni
tartibga solish [1] Fitogormonlar orasida auksinlar o‘simlik o‘sishi va rivojlanishining turli bosqichlarida hal giluvchi rol o‘ynaydi. Auksinlar
o‘simliklardagi ko‘plab markaziy rivojlanish jarayonlarini boshqarishda, aynigsa apikal ustunlik va ildiz va kurtaklar rivojlanishida o‘zaro ta'sir
giladi. Auksinlar - o‘simliklarning o‘sishi va rivojlanishining ko‘p jihatlarida ishtirok etadigan fitogormonlar sinfi [2]. So‘nggi o‘n yil ichida GC-
MS tomonidan indol-3-moy kislota (IMK) turli xil o‘simlik turlarida endogen birikma ekanligi aniqlandi. Ekzogen tarzda qo‘llanilganda,
Hayvonlarda indol-3-butirik kislota tezda parchalanib, tirik organizmlarda tabiiy ravishda paydo bo‘ladigan yaqindan bog'liq, zararsiz kimyoviy
moddaga aylanadi.

IMK biosintezi bo‘yicha so‘nggi tadqiqotlar shuni ko‘rsatadiki, uning o‘simliklardagi kontsentratsiyasi o‘simlik gormonlari va turli
stresslarni tartibga solinishi mumkin [3,4]. IMK Indol sirka kislotaga qaraganda barqarorroq va o‘simlik to‘qimalarida uzoqroq saglanadi [7]. ISK
dan foydalanish, odatda, ko‘proq so‘qmogqlarda ildiz hosil bo‘lishiga, tezroq ildiz otishning boshlanishiga va ildiz sifati va ko‘chat ishlab
chiqarishning sezilarli yaxshilanishiga olib keladi [8,9]. O‘simliklarni himoya qilish sohasida indol moy kislota (IMK)si ko*chat materiallarini, turli
o‘simliklarning urug'lari, ularning yashash darajasini yaxshilash va davolash uchun mo‘ljallangan o‘simliklar o‘sishi regulyatorlarining faol
moddasi sifatida ishlatiladi [10].

Tadgigot metodologiyasi.

1H —indol-3-butil kislota xlorangidridi olinishi.

50 ml tubi yumaloq kolbaga 1.75 gr(0.01 mol) indol sirka solindi va u 30 ml absolut efirda eritildi. Aralashtirilib turgan holatda 5 ml tionil
xlorid tomchilatib qo‘shiladi. Reaksiya 50°C da 1 soat teskari sovutgich o‘rnatilgan holda magnitli aralashtirgichda aralashtirilib turiladi. Reaksiya
borishi YuQX yordamida (metnaol:xloroform 2:8) kuzatib borildi. Jigarang eritma hosil bo‘ldi va eritma tubiga tushdi. Ortiqcha tionil xlorid va
tetragidrofuran haydab olindi[11]. Reaksiya unumi 80 %, jigarrang-yashil rangli qattiq modda, Tsyug=12242°C 1Q-spektr (KBr, sm™ ): 2913-3051
(Ar-H), 3410 (NH), 1790 (C=0).

1H —indol-3-butil 4-aminoantipirin amidi olinishi.

50 ml tubi yumaloq ko‘lbaga 2.03g(0.01mol) 4-aminoantipirin solindi va unga 30 ml quruq tetragidrofuranda eritildi. Aralashtirilib turgan
holatda 2g(0.01mol) 1H —indol-3-butil xlorid tomchilatib qo‘shiladi. Reaksiya 60-70°C da 20 daqiqa davomida aralashtirilib qizdiriladi. Hosil
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bo‘lgan aralashmaga 20 ml sovuq suv quyildi. Sariq rangli cho‘kmaga tushgan modda filtirlab olinadi va 70-80 °C da quritiladi. Qurigan qoldiq

etil atsetat efiri yordamida qayta kristallanadi. Reaksiya unumi 81 % Tquy=160°C. IQ-spektr (KBr, sm™ ): 3048-2860 (Ar-H), 3215 (N-H), 1637

(C=0), 1451 (C-N), 1496 (Ar(CeHs)). Mass-spektr m/z 388.1[M+H]*
[¢]
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Shu usul bo‘yicha Indol moy kislotasining qator aminlar (3-amino 1,2,4-triazol, N-(3-aminopropil)-imidazol va 2,4-dixloranilin) bilan
yangi amidlari sintez gilingan.

1H —indol-3-asetil 3-amino 1,2,4-trizol amidi. Reaksiya unumi 79 % Tsuyuq=153°C. IQ-spektr (KBr, sm™ ): 3057-2870 (Ar-H), 3301 (N-
H), 1706 (C=0), 1447 (C-N). Mass-spektr m/z 310[M+H]*

1H —indol-3-asetil N-(3-aminopropil)-imidazol amidi. Reaksiya unumi 82 % Teuyug=157°C. 1Q-spektr (KBr, sm™ ): 3060-2870 (Ar-H),
3140 (N-H), 1719 (C=0), 3236 (N-H), 1641 (C=N) 1444 (C-N). Mass-spektr m/z 369[M+H]*

1H —indol-3-asetil 2,4-dixloranilin amidi. Reaksiya unumi 92 % Teuyuq=173°C. 1Q-spektr (KBr, sm™ ): 3058-2867 (Ar-H), 3294 (N-
H), 1707 (C=0), 1450 (C-N), 1507 (Ar(CsHs)), 608 (C-CI). Mass-spektr m/z 347[M+H]"

1-jadval
Amidlarning ayrim fizik-kimyoviy kattaliklari

Moddalar Mr,g/mol T.s. °C Brutto formulasi Rt Eruvchanligi

'

1 269 1571 C14H15NsO 0.58 gixg}?n'\.ﬂ(::t’ingtsFeytat

i 310 15341 CisHzNO 0.68 gi:‘ggﬁn“”';ﬁ;;tat
Sistema- geksan: aseton 2:1

Tahlil va natijalar (Analysis and results). Sintez gilingan amidlarning IQ spektlari dastlabki moddalar spektrlariga taqqoslab o‘rganildi.
Buning uchun IMKning 1Q spektridagi asosiy xarakteristik tebranish sohalarini ko‘rib chigish zarur bo‘ladi: 3380 sm™* da indol molekulasidagi N-
H bog*, 1691 sm™ da esa uning karbonil gismiga tegishli valent tebranishlar kuzatiladi. Bundan tashgari 2840 dan 3057 sm™ da ISK molekulasining
OH funksinal gruppasiga tegishli to‘lqin sonlari namoyon bo‘ladi.

IMK 4-amino antipirin amidining 1Q-spektrida quyidagi tebratish chastotalari kuzatildi: dastlabki modda ISKning 3380 sm* dagi N-H
gruppasini ko‘rsatuvchi tolgin sonlari hamda 4-amino antipirindagi 3432 va 3324 sm™ sohada amino guruhga tegishli to‘lqin sonlari mavjud edi.
Mahsulot 1Q-spektrida esa, 3432 sm™ ko‘rinmadi, bundan amid bog‘i hosil bo‘lgan deb xulosa gilish mumkin. 1Q-spektridan yana shuni xulosa
gilish mumkinki, IMK dagi 1691 sm* dagi to‘lqin soni 1637 sm™ holatga siljib, olingan mahsulot 1Q-spektrida ham mavjud. Indol molekulasidagi
N-H dastlab 3380 sm da yutilish bergan bo‘lsa, mahsulotda 3215 sm™ da 4-amino antipirin molekulasidagi amino guruhga tegishli 3324 sm™
bilan birgalikda umumiy keng intensivlikka ega yutilishni namoyan gildi deb xulosa gilish mumkin.

e 43 1 T

1-rasm. Indol-3-moy kislotaning 4-amino antirpirin bilan olingan amidi 1Q spektri
IMK amidining (4-amino antipirin 1H-indol-3-moy kislota amidi) kimyoviy tuzilishi va tozalik darajasi mass-spektrometriya usulidan
foydalanib tadgiq gilindi. Bunda molekulyar ion ([M+] 388.1705 m/z.) (2- rasm) mavjudligi va uning nazariy jihatdan hisoblangan molekulyar ion
bilan mos kelishi sintez gilingan birikma N(1,5-dimetil-2-fenil-3 H -pirazol-3-on 4-il-4(benzo[b]pirrol-3-il) butanamid ekanligidan dalolat beradi.
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2-rasm. Indol-3-moy kislotaning 4-amino antirpirin bilan olingan amidi.
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Olingan moddalarning biologik faolligi. Mazkur ishda o‘zining ta’sir doirasi bilan farq qiluvchi va turli xil osishni boshgaruvchi
moddalar: IMK amidlari hamda qiyosiy solishtirish uchun kamersal preparat korbendazimdan foydalanildi. Inokulyatsiyadan so‘ng agarli ozuga
muhiti yuzasida diametri 6 mm li chuqurchalar hosil gilindi va ularga turli konsentratsiyalardagi tekshirilayotgan namunalar 100 mkl hajmda
quyildi. O‘rganilgan preparatlar DMF da eritildi va quyidagi konsentratsiyalarda 500 mg/l, 100 mg/l, 50 mg/l, 10 mg/l, 2 mg/1 yoki instruksiya
bo‘yicha tavsiya etilgan, ta’sir etuvchi moddaning proporsiyasiga mos bo‘lgan holda o‘rganildi. O‘sishni boshgaruvchi eritmalar sovuq
sterilizatsiya qilinib diametri 0.45 mkm li bakterial filterdan o‘tkazildi. Sterilizatsiyalangan eritma avtoklavdan chiqqan ozuga muhitiga quyildi.
Tajribada ozuga muhitda 5 va 10 kun davomida shakllangan patogenlarning mitselalari diametri hisoblandi.

Tadqiq etilgan preparatning antimikrob faolligini o‘rganish natijalari 2-jadvalda keltirilgan Tadqiq etilgan amidlarning barchasi 2, 10, 50,
100 va 500 mg/1 bo‘lgan turli konsentratsiyalarda antimikrob ta’sir namoyon etdi.

Geterosiklik tuzilishga ega IMK fitogarmonning olingan amidlari jumladan, Indol-3-moy Kkislotasining 4-amino antipirin amidi(l)
Fusarium poae va Fusarium oxysporum zambrug‘i uchun 0.05 mg/ml konsentratsiyadan boshlab oz ta’sirini ko‘rsata boshladi. Fusarium poae
uchun 0.05 mg/ml va 0.1 mg/ml konsentratsiyali eritmalarda bir xil ya’ni 4 ga 0.5 mg/ml konsentratsiyali eritmalarda zambrug‘larni o‘sishini
to‘xtatish maydoni 5 mm ga teng bo‘ldi. Fusarium oxysporum uchun 0.05 mg/ml va 0.1 mg/ml konsentratsiyali eritmalarda 3 va 8 ga, 0.5 mg/ml
konsentratsiyali eritmalarda esa zambrug‘larni o°sishini to‘xtatish maydoni mos ravishda 12 mm ga teng bo‘ldi.

Indol-3-moy kislotasining 3-amino 1,2,4-trizol amidi(Il) hamda shu kislotasining 3-aminopropil imidazol amidlari(lll) Fusarium poae va
Fusarium oxysporum zambrug‘i uchun eng kuchsiz ta’sir ko‘rsatdi va Fusarium poae uchun eng yuqori 0.5 mg/ml konsentratsiyadan o‘z ta’sirini
ko‘rsata boshladi. 0.5 mg/ml konsentratsiyali eritmalari zambrug‘larni o‘sishini to‘xtatish maydoni mos ravishda 3 va 2 mm ga teng bo‘ldi.
Fusarium oxysporum zambrug’iga nisbatan yaxshi ta’sir ko‘rsatdi va 3-aminopropil imidazol amidi(lIl) 0.05 mg/ml konsentratsiyadan boshlab o‘z
ta’sirini ko‘rsata boshladi. 3-amino 1,2,4-trizol amidi(II) 0.1 mg/ml va 0.5 mg/ml konsentratsiyali eritmalari zambrug‘larni o‘sishini to‘xtatish
maydoni mos ravishda 6 va 10 mm ga teng bo‘ldi.

Indol-3-moy Kkislotasining 2,4-dixloranilin amidi(IV) Fusarium poae va Fusarium oxysporum zambrug‘i uchun 0.05 mg/ml
konsentratsiyadan boshlab o°z ta’sirini ko‘rsata boshladi va eng yuqori ko‘rsatkich Fusarium oxysporumda kuzatildi. 0.5 mg/ml konsentratsiyali
eritmasi zambrug‘larni o‘sishini to‘xtatish maydoni mos ravishda 11 mm ga teng bo‘ldi.(2-jadval)

2-jadval

O°sishni to‘xtatilish maydoni (mm) | Nazorat

Moddalar Fusarium poae | Karbendazim
Konsentratsiya (mg/ml)
0.002 0.01 0.05 0.1 0.5 0.5

] B - 4 4 5

I - - - - 3

1] - - - - 2 4

\Y - - 3 4 5
Fusarium oxysporum Karbendazim
Konsentratsiya (mg/ml)
0.002 0.01 0.05 0.1 0.5 0.5

| - - 3 8 12

1 - - - 6 10 7

11 - - 3 4 11

[\ - 2 6 9

Olingan preparatlar va nazorat sifatida olingan karbendazimning zamburug‘larga qgarshi faolligini 0.5 mg/ml konsentratsiyada tagqoslash,
karbendazimning Fusarium poae va Fusarium oxysporum zambrug‘lar o‘sishiga sezgirligi 4 turdagi preparatlar orasida Indol-3-moy kislotasining
4-amino antipirin amidi(l)ga nisbatan mos ravishda 1.25 va 1.7 marotaba kuchsiz ekanligini ko‘rsatdi.

Xulosa va takliflar. Tadqiqotlar natijasi shuni ko‘rsatdiki olingan Indol moy kislotaning 4 turdagi amidlari zambrug’larga nisbatan turli
xil konsentratsiylarda turli xil faolliklarni namoyon qildi. Jumaladan, eng yaxshi ko‘rsatkich IMK 4-AA amidi bo‘ldi. Fusarium poae va Fusarium
oxysporum zambrug‘i uchun 0.05 mg/ml konsentratsiyadan boshlab oz ta’sirini ko‘rsata boshladi. Fusarium poae uchun 0.05 mg/mlva 0.1 mg/ml
konsentratsiyali eritmalarda bir xil ya’ni 4 ga 0.5 mg/ml konsentratsiyali eritmalarda zambrug‘larni o‘sishini to‘xtatish maydoni 5 mm ga teng
bo‘ldi. Fusarium oxysporum uchun 0.05 mg/ml va 0.1 mg/ml konsentratsiyali eritmalarda 3 va 8 ga, 0.5 mg/ml konsentratsiyali eritmalarda esa
zambrug‘larni o°sishini to‘xtatish maydoni mos ravishda 12 mm ga teng bo‘ldi. Nazorat sifatida olingan karbendazimning zamburug‘larga qarshi
faolligini 0.5 mg/ml konsentratsiyada taqqosladik, karbendazimning Fusarium poae va Fusarium oxysporum zambrug‘lar o‘sishiga sezgirligi Indol-
3-moy kislotasining 4-amino antipirin amidi(I)ga nisbatan mos ravishda 1.25 va 1.7 marotaba kuchsiz ekanligini ko‘rsatdi.
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CO(NH_); — C7HgOgS ¢ NH,C,H,OH — H,0 SISTEMASINING POLITERMIK ERUVCHANLIGINI O‘RGANISH
Annotatsiya

Bu ishda CO(NH,); — C;HgO6S » NH,C,H,OH — H,0 tizimining politermik eruvchanligi binar sistemalar va yettita ichki kesmalar asosida vizual
politermik usulda o‘rganildi. Karbamid, monoetanolamonium sulfosalitsilat va suv komponentlarining eruvchanligi -27,2 °C dan -4,0 °C gacha
bo‘lgan harorat oralig‘ida o‘rganildi va politermik eruvchanlik diagrammasi tuzildi. Eruvchanlik diagrammasida ikkilamchi va uchlamchi nugtalar
topildi va proyeksiyasi chizildi. Diagrammada muz, monoetanolamonium sulfosalitsilat va karbamidning kristallanish maydonlari ajratildi.
O‘rganilayotgan tizimning oddiy evtonik tipga mansubligi va yangi birikma hosil bo‘lmaganligi vizual-politermik usulga asoslandi. Bu esa
fiziologik faol va ozuga komponentlarni o‘z ichiga olgan yangi preparatni olish texnologiyasini ishlab chigish imkonini beradi.
Kalit so‘zlar: Eruvchanlik diagrammasi, kristallanish harorati, fiziologik faol modda, karbamid, monoetanolamoniy sulfosalitsilat.

M3YYEHUE MOJUTEPMUYECKOMN PACTBOPUMOCTH CUCTEMBI CO(NH,), — C;Hs06S « NH,C,H,OH — H,0
AHHOTaIUA

B pa6ore usyuena nonurepmuueckas pacrsopumocts cucteMsl CO(NHy), — C7HsO6S ¢ NH,CoH,OH — H,O Bu3yalbHBIM MONTHTEPMUYECKUM
METO/IOM Ha OCHOBE OMHApHBIX CHCTEM H CEMU BHYTPEHHUX CEKIHIL.
N3ydena pacTBOPUMOCTD MOYEBHHBI, CY/Tb(HOCATHIIIATA MOHOITAHOIAMMOHUS U BOJAHBIX KOMIIOHEHTOB B HHTEpBaie Temmeparyp ot -27,2 °C no
-4,0 °C 1 mocTpoeHa NOJMTEPMHUYECKas JiarpaMma pacTBOpuMocTy. HaliieHbl BTOpUYHAs U TPETUYHAS TOUKU M CIIPOCLIMPOBAHBI HA AUArpamMMmy
pactBopuMocTH. Ha rarpamMme BbLIEIeHB! 001aCTH KPUCTAILIH3ALNH JIbA, CYJIb(OocaauIiiIaTa MOHOITAHOJIAMMOHHS 1 MOYEBHHBL.
Tor ¢akT, 4TO M3ydeHHass CHCTEMa OTHOCHUTCS K HPOCTOMY 3BTOHMYECKOMY THIy H YTO HOBOE COCIMHEHHE HE 00pa30BajoCh, OCHOBAH Ha
BH3YyalbHO-TIOTUTEPMUYECKOM METOJe. DTO [aeT BO3MOXHOCTH Pa3paboTaTh TEXHOJIOTHIO IOJTy4eHHs HOBOTO Mperapara, COJEpiKallero
(hM3MOIOTNYECKN aKTUBHBIC U MUTATENbHbIE KOMIIOHEHTHI.
KiloueBble cjI0Ba: auarpaMma pacTBOPUMOCTH, TeMIepaTypa KpHCTaUIM3alMy, (H3MOIOTHYECKH aKTHBHOE BEIIECTBO, MOYEBHHA,
Cyab(hocaTuINIAT MOHOITAaHOIAMMOHHSL.

STUDY OF THE POLYTHERMAL SOLUBILITY OF THE CO (NHy), — C;HsO¢S ¢ NH,C,H,OH — H,0 SYSTEM
Annotation

In this work, polythermal solubility of CO(NH,), — CsHsOsS * NH,C,H,OH — H,0O system was studied by visual polythermal method based on
binary systems and seven internal sections. The solubilities of urea, monoethanolammonium sulfosalicylat and water components were studied in
the temperature range from -27.2 °C to -4.0 °C, and the polythermal solubility diagram was constructed. On the solubility diagram, the binary and
ternary phase separation points were found and projected. Crystallization areas of ice, monoethanolammonium sulfosalicylat and urea were
separated in the diagram.
The simple eutonic type of the studied system and the fact that no new compound was formed was based on the visual-polythermal method. This
makes it possible to develop a technology for obtaining a new drug containing physiologically active and nutritious components.
Key words: Solubility diagram, crystallization temperature, physiologically active substance, urea, monoethanolammonium sulfosalicylat.

Introduction. The most important problem is providing the population with foodstuff [1]. Plants require relatively large amounts of
nitrogen fertilizers during cultivation, which often leads to nutrient deficiencies, especially soil fertility. As one of the most important nitrogen
fertilizers, urea plays a key role in plant nutrition and soil fertility. Urea is the cheapest and nitrogen-rich fertilizer [2].

Urea [CO(NH?).] - white; is an organic chemical compound in the form of a crystal, which is currently produced in granular form. This
fertilizer has the highest concentration among solid nitrogen fertilizers, containing 46% nitrogen. Urea is widely used in agriculture as a fertilizer
and animal feed additive[3].

It differs from other types of fertilizers in that it is widely applied to all types of crops and soils [4]. The main function of urea fertilizer is
to provide nitrogen to plants to stimulate green leafy growth and make plants green [5].

Urea also helps the photosynthesis process of plants. When air humidity is moderate, it moderately attracts moisture, dissolves well in
water [6].

Flowers are highly perishable, so any attempt to improve their vase life by regulating senescence through chemical or genetic means will
reduce post-harvest losses. An experiment was conducted to study the effect of 5-sulfosalicylic acid (5-SSA) on the vase life of “Green willow" cut
flowers.

Gladiolus grandiflora variety of willow was used in this experiment. The results of the experiments showed that the number of opened
flowers significantly increased when the plant was treated with a solution containing sulfosalicylic acid [7].

When monoethanolamine solution is sprayed through the leaves of grain crops such as rye and barley, it was observed in experiments that
it helps to increase the yield of plants up to 14% and the main stem parts to grow up to 17%[8].

Also, monoethanolamine is present in a number of food products, especially in cumin, grapes, radish, and similar plants, and has significant
plant growth activity [9]. In addition, monoethanolamine and its derivatives have been used to protect plants from abiotic and biotic stresses such
as salinity [10].

Under the influence of monoethanolamine salts, ethylene is released in the plant and accumulates in the plant band, as a result of which
the leaves of the plant fall prematurely, which makes it possible to harvest the cotton crop in agriculture [11].
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Since the urea, monoethanolammonium sulfosalicylate and water system has not been studied before, we studied the solubility of the three-
component system consisting of urea, monoethanolammonium sulfosalicylate and water by visual polythermal method [12].

Research Methodology. In the study, monoethanolammonium sulfosalicylate was synthesized on the basis of sulfosalicylic acid and
monoethanolamine, and its individuality was confirmed using chemical and physicochemical methods [13].

Urea (GOST 6691-67), sulfosalicylic acid (pure for analysis) GOST 4478-68, and monoethanolamine (chemically pure) (TU 2423-159-
00203335-2004) were used in this study.

Visual-polythermal and analytical methods were also used in the research. The composition of liquid and solid phases was determined by
methods of composition analysis, nitrogen by Keldal [14], carbon and hydrogen by Dumas micromethod [15].

Results. In order to synthesize the chemical preparation with physiologically active properties and containing nutrients and to substantiate
its physicochemical properties, the solubility of the components of CO(NH2), — C;HsOgS * NH,C,H,OH — H,O was studied in the temperature
range from -27.2 °C to -4.0 °C. The polythermal solubility diagram of this system was constructed on the basis of binary systems and seven internal
sections (Fig. 1.)

CO(NH2)2, C%

\ \_/ \\ N

20 40 60 80

H20 C7H6O6S - NH2C2H4OH, C%
Figure 1. Solubility diagram of the CO(NH,), — C;HsOsS * NH,C,H,OH — H,O system.

In the polythermal solubility diagram of the system consisting of CO(NH,), — C7HsO¢S * NH,C,H4OH — H,0, isotherms were performed

at every 10°C temperature. One ternary and thirteen binary points were found in the polythermal solubility diagram (Table 1). Ternary point

corresponds to 22.0% CO(NH,),, 53.6% C7HgO6S * NH,C,H,OH and 24.4% water at -27.2 °C. At this point, the solid phase consists of urea,
monoethanolammonium sulfosalicylate, and ice.

Table 1.
Binary and ternary points of the CO(NH;), — C7HgOgS * NH,C,H,OH — H,0 system.

Composition of the liquid phase, wt %, ngst, Solid phase
CO(NH2), C7Hs06S* NH2C2H:OH H.0 T°C
32.0 - 68.0 112 CO(NH2)2 + Ice
328 132 54.0 -13.6 Il
316 19.6 4838 -14.8 I
304 27.6 42.0 17.2 Il
25.2 448 30.0 228 Il
22.0 53.6 24.4 -27.2 CO(NHa)2 + Ice + C7HsO6S + NH,C2H4OH
232 54.4 224 -26.0 CO(NH)2 + C7HsO0sS * NH2CoHsOH
276 57.4 15.0 204 Il
37.6 624 - 132 Il
19.4 51.2 29.4 -24.1 Ice + C7HeO6S * NH2CoH4OH
15.8 48.0 36.2 -16.0 Il
112 44.0 448 -15.6 Il
5.20 38.0 56.8 -9.40 I

324 67.6 4.0 I

In the polythermal solubility diagram of the system consisting of CO(NH,), — C;HsOgS * NH,C,H,OH — H,0, the crystallization areas of
ice, urea, and monoethanolammonium sulfosalicylate were delimited. This system belongs to the simple eutonic type, and the components have
preserved their individuality. Crystallization areas of ice, urea, and monoethanolammonium sulfosalicylate were distinguished in the spatial state

diagram of the studied system. This crystallization area is connected at one ternary point (figure 2 and 3).
4 °C

: —yy
20 40 60 80
H20 CO(NH2)2, C%

Figure 2. Projection diagram of the CO(NH,), — C;HsO¢S * NH,C,H,OH — H,0 system - Urea side.
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t, °C

'S

204

20 40 60 80
H20 C7H606S « NH2C2H4OH, C%
Figure 3. Projection diagram of the CO(NH>), — C;HgO6S * NH,C,H,OH — H,0 system - monoethanolammonium sulfosalicylate side.

Conclusions. The polythermal solubility of the system consisting of urea, monoethanolammonium sulfosalicylate and water was studied
and scientific information was obtained on the interaction of the components. This system belongs to a simple eutonic type, and the formation of a
new compound was not observed.

The information obtained serves as a physico-chemical basis for the production of new types of chemicals for agriculture containing
physiologically active and nutritious substances.
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DEVELOPMENT OF METHODS THE SYNTHESIS SODIUM DIALDEHYDE ALGINATE
Annotation

Sodium alginate is extracted from the Charophyceae plant using ultrasound. The oxidation process of sodium alginate was studied to obtain different
properties. Sodium periodate was used as an oxidizing agent. As a result, dialdehyde sodium alginate was obtained. To study the optimal conditions
of the oxidation process, attention was paid to the reaction temperature, time, and concentration of the oxidant. In addition, attention was paid to
extracting dialdehyde sodium alginate in its pure form without additives. It was shown that the dialysis process is important in this regard. The
degree of dialdehyde sodium alginate oxidation was determined by titration with hydroxylamine hydrochloride. The obtained substances were
analyzed using IR and XRD methods.

Key words: charophyceae algae, degree of oxidation, extraction method using ultrasound, degree of crystallization, sodium alginate (SA),
dialdehyde sodium alginate (DSA).

DIALDEGID NATRIY ALGINATNI SINTEZ QILISH USULLARINI ISHLAB CHIQISH
Annotatsiya

Charophyceae o'simligidan natriy alginat ultratovushli ekstraksiya usuli yordamida ajratib olindi. Uning turli hosilalarini olish uchun natriy
alginatning oksidlanish jarayoniamalga oshirildi. Oksidlovchi vosita sifatida natriy periodatdan foydalanilgan. Natijada dialdegid natriy alginat
olindi. Oksidlanish jarayonining optimal sharoitlarini o'rganish uchun oksidlovchining konsentratsiyasiga reaksiya haroratiga va vaqtiga e'tibor
berildi. Bundan tashqari, bu jarayonda dialdegid natriy alginatni go‘shimchalarsiz sof holda ajratib olishga e'tibor garatilgan. Bu borada dializ
jarayoni muhim ahamiyatga ega ekanligi ko‘rsatildi. Dialdegid natriy alginat oksidlanish darajasi gidroksilamin gidroxlorid bilan titrlash orqali
aniglandi. Olingan moddalar 1Q va XRD usullari yordamida tahlil gilindi.

Kalit so‘zlar: charophyceae, oksidlanish darajasi, ultratovushli ekstraksiya usuli, kristallanish darajasi, natriy alginate (SA), dialdegid natriy
alginate (DSA).

PA3BPABOTKA METOJO0B INOJTYYEHUSA JUAJBAEIN/ AJIbITMHATA HATPUS
AHHOTaIUsA

Anprunar Hatpus SKkctparupoBany u3 Charophyceae ¢ moMoInbIo yiIbTpasByka. BeUT M3ydeH IpollecC OKHCIECHHs aJbTHHATa HATPHS UL
HOJTy4eHUs Pa3IMYHBIX CBOICTB. B KadecTBe OKHCIUTENs HCIOIb30BANH IEepHOJaT HATpusi. B pesynbrare ObLT MOTydeH AUATIbICTU-aIbTHHAT
Hatpys. C 1eNbIo H3y4eHHUs] ONTHMAIbHBIX YCIOBUI Ipoliecca OKUCICHNS BHUMaHUE yIeNsIoCh TeMIepaType Peakiiy, BpeMEeHH U KOHIIEHTPALHH
okucnuterst. KpoMe Toro, 65UI0 yieNeHO BHUMaHUE U3BICUCHUIO HANbETHIa albIMHATa HATPHUS B YHCTOM BHJe 0e3 100aBok. beuto nokasaHo,
YTO MpoIlecC MAHanu3a BaxeH B 3ToM oOTHomIeHMH. CTeleHb OKMCIEHMS IHalbJerHia-adbIUHATA HATPUS OHPEIENsUIM THTPOBAHHEM
THIPOXJIOPUAOM TuApoKcHiIaMuHa. [lomydennsle BeniecTBa ananu3upoBaii Merogamu K u POA.

KuoueBslie cioBa: charophyceae BoZopociy, CTENEeHb OKUCIECHHUs, METOA SKCTPAKIMH C YIbTPa3ByKa, CTENEHb KPHUCTAJUIN3ALHH, albIHHAT
Hatpust (SA), nuansaerun anbrunara Harpus (DSA).

Introduction. Alginates are important polysaccharides from algae, and due to their high biocompatibility, today they occupy the main
place in the delivery of biomedical substances to organisms [1]. In researchs, we can see that oxidized alginate-based hydrogels are used for tissue
engineering, including bone tissue, muscle tissue, blood vessels, cornea, and other soft tissues. Covalent cross-linking of DSA leads to a decrease
in the number of free aldehyde groups, which increases the mechanical properties of alginate derivatives and improves the biocompatibility of
DSA. Therefore, DSA-based hydrogels can have properties suitable for various medical applications by adjusting the composition or oxidation
level of the ingredients in the gel. Injectable alginate hydrogels and their compositions can be used for bone tissue regeneration [2-5].

Therefore, in this work, special attention was paid to determining the oxidation level by oxidation of sodium alginate with an oxidizing
agent (NalO,) and titration with hydroxylamine hydrochloride [6]. In this case, the dependence of the oxidizing agent concentration, reaction time,
and reaction temperature on the optimization of the sodium alginate oxidation reaction was established. All obtained substances were analyzed
using physical research methods: infrared (IR) and X-ray phase analysis (XRD).

Materials and methods. As starting materials sodium alginate (SA) (>96%; Charophyceae, found in water bodies in Uzbekistan, was
isolated from blue-green algae using the extraction method), sodium periodate (>99.8%; Sigma Aldrich), hydroxylamine hydrochloride (>99%;
Sigma Aldrich), ethylene glycol, sodium chloride, sulfuric acid, chloroform, methanol, sodium carbinate, sodium hypochlorite, alcohol, acetone
were used without further purification.

Extraction of sodium alginate (SA) from plant material

20 g of charophyceae algae were placed in a flat-bottomed flask equipped with ultrasonic equipment (Witeg, Germany. 230V-50/60Hz)
at 60°C, 40Hz, 150V and extracted with 0.2M H,SO, acid solution for 1 hour. After a certain period, the plant residue was collected from the
extraction composition and washed three times with distilled water. The resulting product was extracted with 5% Na,COj; for 1 hour. The resulting
extract was centrifuged and plant residues were collected from the extract. 2.5% NaClO solution was added to the extract to bleach sodium alginate.
Then the extract was passed through a vacuum filter and the polysaccharide was precipitated by adding ethanol to the extract in a ratio of 1:3.
Sodium alginate from the extract was collected by filtration, washed twice with acetone, and dried in a drying cabinet at 40°C. The product
constituted 2.8% of the plant mass.

Synthesis of dialdehyde sodium alginate (DSA)

Sodium alginate oxidation reactions were carried out in a water-alcohol solution (3:1 ratio). 2.0 g of sodium alginate was dissolved in a
water-alcohol solution in an 80 ml 150 ml flask equipped with a magnetic stirrer (the flask was protected from light with aluminum foil to prevent
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additional reactions under the influence of light). Then 20 ml of 0.2 M sodium periodate solution was added. After a certain time (24 hours), 1 ml
of ethylene glycol was added to the reaction (where ethylene glycol acts as an inhibitor stopping the reaction) and stirred for 30 minutes. Then
dialdehyde sodium alginate (DSA), formed upon the addition of 1 g of NaCl and 300 ml of ethanol, was precipitated and separated by filtration.
After that, it was dissolved in 10 ml of deionized water, and 20 ml was placed in a dialysis bag (7K MWCO dialysis tubing, dry diameter (ID) 22
mm X 10.7 m) and dialyzed in 1000 ml of deionized water for 24 hours. After a certain time, DSA was reprecipitated by adding 0.5 g of NaCl and
100 ml of alcohol and after filtration, it was reprecipitated by stirring in 20 ml of acetone. Finally, the filtered DSA was dried in a drying oven at
40 °C. The obtained substance is 1.54 g.

Determination of DSA oxidation level using hydroxylamine hydrochloride

Sodium dialdehyde was quantitatively reacted with NH,OH to determine the oxidation state of alginate and determined by titration to the
initial pH value with NaOH solution. 0.02 g of DSA was dissolved in 5 ml of deionized water, then 5 ml of 0.25 M NH,OH was added and stirred.
The reaction was carried out at room temperature for 48 h under magnetic stirring. Quantitatively, NH,OH reacts with -CHO groups of sodium
alginate, releasing one mole of HCI for each -CHO group. Then 2.00 ml of the sample was taken and diluted with 5 ml of deionized H,0, then
titrated with 0.01 M standard NaOH solution until pH 4.6 was reached and calculated using the following formula (1).

0D =198 x 0.01"22;\‘]’1 x100% (1)

Here: OD is the degree of oxidation of the polymer chain; 198 — mass of sodium alginate monomer; 0.01 — NaOH standard molar solution;
V2 — volume of NaOH used for titration of dialdehyde sodium alginate (ml); V1 — volume of NaOH (ml) used for titration of unoxidized sodium
alginate; W is the molecular weight of sodium alginate.

Results and discussion.

Analysis of IR spectra of sodium alginate and dialdehyde sodium alginate.

As aresult of the reaction, DSA was obtained, and when comparing the IR spectra of sodium alginate and its dialdehyde derivative (picture
1), a new vibration frequency was formed in the region of 1739 cm™ due to the stretching vibrations of the carbonyl (C=0) group of the aldehyde
compound of sodium alginate dialdehyde.

8 )
* sRGker :
3 ’
(@A) coctis 11390488 4
\ o, 18316097 |
8 4 { ‘[’N (Djr !
i
3396 6701
e — o
E 5 VOUA i
T 07 VR N /
F o 3246.3676 | | \ W
= L]
cooNa ‘f'} e | f I
o uos 260 || Y
| o} 16015292 Vol .,
s || ety
7732600
716 9918

3500 3000 2500 2000 1500 1000 500
Wanenurber cm 1

Picture 1. IR spéctr: — dialdehyde sodium alginate (DSA) and — sodium alginate (SA)

Also, both compounds have a stretching vibration frequency of the carbonyl (C=0) bonds of the carboxyl group in the region of 1601-
1631 cm?, while the stretching vibration frequency of OH bonds shifted from 3246 cm™ to 3396 cm™.

To study the degree of oxidation of DSA, the dependence on the reaction temperature, time, and concentration of sodium periodate was
considered. Sodium periodate solutions were used in concentrations of 0.2, 0.4, 0.6, 0.8 and 1.0 M. As the concentration of sodium periodate
increased, DSA with a high degree of oxidation was obtained, and the yield of DSA formation also increased significantly (table 1).

Table 1. The degree oxidation of sodium alginate

Dialdehyde sodium alginate

Substance Concentration, M (mol/l)

Sodium peroxide concentration 0.2 [ 04 [ 06 [ 08 [ 10
Oxidation degree of sodium alginate (%) 50.96 | 51.88 | 5256 | 53.91 | 56.84

The degree of oxidation of dialdehyde sodium alginate was studied as a function of time from a minimum of 2 hours to a maximum of 48
hours, and as a result of the experiment, it was determined that the optimal reaction time was 24 hours. From Table 2, we can see that as the reaction
time increased, the degree of oxidation also increased, but after 24 hours, the degree of oxidation remained almost unchanged. When analyzing the
samples obtained as a result of the experiment using the IR spectroscopy method, based on the results obtained after the first 2 hours, it is evident
that due to the stretching vibrations, a new vibration frequency was formed in the region of 1726 cm™ bonds of the carbonyl (C=0) group of the
aldehyde compound in sodium dialdehyde alginate. As the reaction time increased, the intensity of the valence vibration frequency of the carboxyl
group (C=0) bonds of sodium alginate in the region of 1603 cm™ was observed to decrease. As a result, it can be seen that the productivity of DSA
is increasing.

Table 2. Time dependence of sodium alginate oxidation degree
Dialdehyde sodium alginate

Reaction time 2 4 6 8 10 12 24 36 48
(hour)

Oxidation degree of 21.44 36.57 437 | 48.32 51.63 52.84 | 86.31 | 86.47 | 86.53
sodium alginate (%)

After 24 hours, in the period of 48 hours, the level of oxidation of DSA was almost unchanged. Therefore, based on the results of the
experiments, the optimal time of the oxidation reaction was 24 hours.

Dialdehyde sodium alginate dialysis process

Dialysis is an important process to obtain dialdehyde-sodium alginate in pure form. The main purpose of this is to purify the unreacted
sodium periodate from the DSA formed by the oxidation of sodium alginate with sodium periodate. Alternatively, DSA prevented the analysis of
desired functional groups when viewed by infrared (IR) spectroscopic analysis (picture 2). According to the IR spectroscopy analysis of DSA
before dialysis, it was observed that DSA produced an intense peak at 3278 cm™ due to excess sodium periodate instead of the signal belonging to
the -OH group at 3300 — 3500 cm™*. When DSA was re-dissolved in water and dialyzed through a dialysis bag, excess sodium periodate in the
solution medium was removed from the solution medium and DSA was isolated pure. The presence or absence of NalO, in the dialysis medium is
determined by AgNO; solution.
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Picture 2. IR spectr of dialdegidnatriy alginat (DSA)

Comparing the IR spectra of all DSA obtained after dialysis, a broadened signal was formed in the region of 3349 cm, characteristic of
the valence vibration of the -OH group. Also, the frequency corresponding to the aldehyde group is shown in the area of 1731 cm™.

Analysis of XRD of sodium alginate (SA) and dialdehyde sodium alginate (DSA)

The result of XRD analysis shows that sodium alginate (SA) has a high intensity at 260 = 13.6° and an average intensity peak at 26 =27.5".
The degree of crystallinity of sodium alginate extracted from Charophyceae algae was 26.4%, and sodium alginate was found to be semi-crystalline.

Compared with the values given in the literature, it has been proved that the roentgenogram of sodium alginate extracted from the

Charophyceae plant is suitable [7].
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Picture 3. Roentgenograms of the SA and SDA specimens
According to the above X-ray diffraction results, SDA1 of all samples; SDA2; SDA3; We can see that the peak generated by SDA4 and
SDAS 26=31.68" increases in intensity. The low-intensity peak formed at 26 = 43.92, which belongs to sodium alginate, shifted to 26 = 45.38° and
showed moderate intensity. Also, the increase in the number of new peaks in the areas of 56.36° and 109.94° indicates that the SDA5 sample has a
higher crystallinity index than the SDA1 sample. And SDA1< SDA2 < SDAS3; In the sequence of SDA4 and SDAS5, sodium alginate is inversely
proportional to the amorphous property, that is, it represents an increasing degree of crystallinity.

Table 3. Degree of crystallinity of sodium alginate
Dialdegido- natriy alginat (DSA)

SA SDA1 SDA2 SDA3 SDA4 SDAS5
26.4 50.6 51.8 63.3 63.4 63.7

Substance
Degree of crystallinity %

XRD analysis showed that as the oxidation state of SDA increased, so did its crystallinity, as shown in the diagram below (figure 1).
B crystalliza
tion
degree;
63,7%

| ation
ree;
,84%

- /
Figure 1. The degree of oxidation of SDA depends on the degree of crystallinity
Conclusion. Extraction of sodium alginate from Charophyceae plant using ultrasonic extraction method was successfully carried out.
Compared with the conventional method, the product yield was much higher and was 2.8%. In order to obtain new derivatives of sodium alginate,
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its oxidation process was studied. Dialdehyde was studied by titration using hydroxylamine hydrochloride to study the degree of oxidation of
sodium alginate. Special attention was paid to the dialysis process in the extraction of pure dialdehyde sodium alginate and the goal was achieved.
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ANABASIS APHYLLA L. O‘SIMLIGINING ENDOFIT ZAMBURUG‘LARI TOMONIDAN SINTEZ QILINGAN BIOLOGIK FAOL
MODDALAR TADQIQI
Annotatsiya

Ushbu magolada Anabasis aphylla L. o‘simlik zamburuglaridan deoksixol kislotasining birinchi marta izolyatsiya qilinishi va uning fizik-kimyoviy
xususiyatlari hagida ma’lumot beriladi. Tadqiqot jarayonida yuqori samarali suyuqlik xromatografiyasi (HPLC) va LC-MS tahlil usullari
qo‘llanilib, moddaning tozaligi, tarkibi va molekulyar massasi aniglangan. Fizik-tadgiqot usullari, jumladan YaMR, UB va IQ spektroskopiyalari
orgali deoksixol kislotasining aniq kimyoviy tuzilishi tasdiglandi. Ushbu natijalar, Anabasis aphylla L. o‘simlik zamburuglaridan deoksixol
kislotasining potentsial biologik faoliyatini o‘rganish uchun yangi imkoniyatlar yaratadi va kelajakdagi tadgiqotlar uchun muhim asos bo‘ladi.
Kalit so‘zlar: Anabasis aphylla L., deoksixol kislotasi, endofit zamburuglar, YaMR, yuqori samarali suyuglik xromatografiyasi (HPLC), LC-MS,
1Q va UB spektrofotometriya, spektroskopiya, biologik faollik.

HUCCIEJOBAHUE BUOJIOI'MYECKN AKTUBHBIX BEHIECTB, CAHTE3UPOBAHHBIX DHIO®PUTHBIMU T'PUBAMHU
PACTEHMSA ANABASIS APHYLLA L.
AHHOTaIUsS

B nauHoii cTaThe npezcraBieHa nHpopMais 00 U30IALUK JE30KCUXOIEBOM KUCIOThI U3 rpuboB pactenust Anabasis aphylla L. Biepseie, a Taxske
0 e¢ (HU3MKO-XMMUYECKUX CBOWCTBaX. B Xome McciieqOBaHHS HCIOIB30BAMCH METOABI BBICOKOI(D(EKTUBHOMN KHUAKOCTHON Xpomarorpaduu
(BOXKX) u LC-MS ananu3a Jyis ONpPEACICHUS YHCTOTHI, COCTaBa M MOJEKYJSIpHO Macchl BemiecTBa. C TOMOIIbIO (PU3UYECKHX METO/IOB
uccnenoBanus, Bkiaovas SIMP, YO u UK-cnekrpockonuu, Obljla HOATBEP)KACHA TOYHAS XMMUUECKAsk CTPYKTYPa J€30KCUXOJIEBOM KUCIIOTHI. DTH
pEe3yNIbTAaThl CO3/AI0T HOBBIC BO3MOXKHOCTH ISl M3YUCHHMs! TOTCHINATIBHOIN OMOIOrYecKOii akTHBHOCTH J€30KCHXOJICBOM KUCIIOTHI, BBIACICHHOM
n3 rpuboB pacrenus Anabasis aphylla L., u npexcTaBisroT BaXHy0 OCHOBY UIsi OY/IyIINX HCCIIEIOBAHMUIA.

Kuouessie ciioBa. Anabasis aphylla L., nezokcuxonesas kucinora, sun0¢uTHbIe rpuodbl, IMP, BbICOK03(()eKTHBHAS KUAKOCTHASL XpOMAaTOrpadust
(BOXKX), LC-MS, UK n YO criektpodhoTOMETpHsL, CIIEKTPOCKOIHSI, OMOJIOTHYECKasi aKTHBHOCTb.

STUDY OF BIOLOGICALLY ACTIVE COMPOUNDS SYNTHESIZED BY ENDOPHYTIC FUNGI OF ANABASIS APHYLLA L.
Annotation

This article provides information on the first-time isolation of deoxycholic acid from the fungi of Anabasis aphylla L. and its physicochemical
properties. During the study, high-performance liquid chromatography (HPLC) and LC-MS analysis methods were used to determine the purity,
composition, and molecular mass of the substance. Through physical research methods, including NMR, UV, and IR spectroscopy, the precise
chemical structure of deoxycholic acid was confirmed. These findings open new possibilities for studying the potential biological activity of
deoxycholic acid isolated from the fungi of Anabasis aphylla L. and lay a crucial foundation for future research.

Key words. Anabasis aphylla L., deoxycholic acid, endophytic fungi, NMR, high-performance liquid chromatography (HPLC), LC-MS, IR and
UV spectrophotometry, spectroscopy, biological activity.

Beenenue. Anabasis aphylla L. - ogHo u3 pacrenuii, mmpoko pacnpocrpanéHubix B CpeHeil A3uM, aJanTHPOBaHHBIX K CYPOBBIM
TIPUPOIHBIM YCIIOBHSM H O0TaToe PsIoM OHOJIOTHIECKH aKTUBHBIX BEIIECTB. JTO PACTEHUE IIPOM3PACTAET B CTEHHBIX U ITOJTYTYCTHIHHBIX PETHOHAX,
JIEMOHCTPHPYSI BBICOKYIO YCTOHYMBOCTH K COJIEHBIM M 3aCyIUIMBBIM YCIOBHSM. B TpaauimoHHOM MeauuuHe npuMeHenue pactenus Anabasis
aphylla L. Becema pacrmpocTpaHeHO, TIJIaBHBIM 00pa3oM Omarofapsi BEIIECTBAM C PAaHO3KHBILIIOIMM, MPOTHBOBOCTIAIUTEIBHBIM U1
AQHTHCENITHIECKUM CBOHCTBAMH.

IIpoBeneHO HECKONBKO HAYYHBIX HCCIICOBAHHII, HANPABICHHBIX HA BBIIENCHHE U M3y4eHHE OMOIOTMYECKU AKTHBHBIX BEIIECTB.
HccnemoBanust MOKa3bIBaioT, 4To xumuueckuii coctas A. aphylla L. Becema Gorar. B wactHocty, Haunnast ¢ 1960-x rooB, yuéHble yaemsim ocoboe
BHHMaHHE BBIICNICHHIO M3 OTOTO PACTEHUs] OHMONOTMYECKH AKTUBHBIX BEIIECTB, TAKUX KaK alKaJIOWIbI, (IIaBOHOMABI M CAllOHHHBI. BBUIO
YCTaHOBIICHO, YTO MHOTHME U3 JTHUX BEIIECTB OONANalOT aHTHOAKTEPUATbHBIMH, IIPOTHBOIPHOKOBBIMH, HPOTUBOBOCIATHUTENBHBIMH H JaXKe
MPOTHBOOITYXOJICBBIME CBOMcTBamMu. Hampumep, B pe3ynbTaTe MpOBENEHHBIX HCCIenoBanuii u3 pacterust A. aphylla L. 6su1 BeieneH ankanons
aHa0acuH, KOTOPBI, KaK ObLIO YCTAHOBJICHO, SBIseTCS (D ()EKTUBHBIM HHCEKTUIIHIOM. B IpyroM nccineioBaHiy paccMaTpHBAINCH BO3MOXKHOCTH
npuMeHeHus (aBoHONIOB, BhiAeneHHBIX H3 A. aphylla L., B xauecTBe anTHokcumaHToB. braromapst cmocoOHOCTH (hIIaBOHOM/IOB 3alMIATH
KJIeTKU OT BO3JEUCTBHS CBOOOMHBIX PaJHKAJIOB, 9TO BEIIECTBO MPHOOPENO BaXKHOE 3HAUCHHE B KOCMETHUYECKOH U (hapMalieBTHIECKOH 00IacTsIX
[1-3].

DHAO(UTHI - 3TO MHKPOOPTaHU3MBI, B OCHOBHOM I'PHOBI M OaKTEpUH, KOTOPHIC )XUBYT B CUMOMOTHYECKOH CBSI3H ¢ pacTeHUusiMH. OHH
OOMTAIOT B KJIETKAX PAcTEHMII U yJacTBYIOT B CHHTE3€ Pa3IMYHBIX OMOJIOTHYECKH aKTHBHBIX BEIIeCTB. bHolormdyeckas akTHBHOCTb BEIECTB,
CHHTE3MPOBAHHBIX SHIOQHUTAMH PACTCHUH, aKTHBHO HCCIEHYeTCs] B HAYYHBIX paboTax, W OBUIM BBLIEICHB MHOTOYHCIICHHBIC COSTUHEHHS C
JIeKapCTBEHHBIMH CBOWCTBaMH. Hampumep, BeIecTBO MakyIMTaKkcen (Takcom), CHHTE3HPOBaHHOE YHAO(UTAMU, BHICTCHHBIMA H3 PACTeHHs |axus
brevifolia, mupoxo ncmone3yercs B gedenun paka [4-5].

C 9TOH TOYKM 3pEHUs] aKTYaJbHBIM SIBJISCTCS BBIJCICHUE M HCCIEIOBaHUE OHOJIOTHMYECKH aKTHBHBIX BEIIECTB M3 SHIO(PHTOB TaKHX
pactenuit, kak A. aphylla L., n u3ydeHne ux XUMHYECKHX CBOMCTB. B pamMkax JaHHOTO MCCIIEIOBaHUS PACCMOTPEHBI PE3yIbTATHI HCCIIETOBAHMUIMA
obpasuos pacrenns A. aphylla L., cobpannbix B OnruapbikckoM paitone depraHckoil obmactu. BemiectBa, CHHTE3MPOBAHHBIE C MTOMOLIBIO
SHAO(GUTHBIX IPUOOB, BBIEICHBI XHMHYECKIMH METOAAMH, @ TAK)KE U3y4eHa X OHOJIOrnYecKas akTUBHOCTh. OCHOBHBIM MOJTyYEHHBIM BEIICCTBOM
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SIBISIETCSI IC30KCHUXOJIEBAst KUCIIOTA, KOTOpast BIEPBBIC OblIa CHHTE3MPOBAHA TPHOAMHU ¥ HACHTU(UIHPOBAHA C MOMOIIBIO PA3IMYHBIX (U3HUKO-
XUMHYECKHUX METOIOB.

Marepuaiisl u MeToabl. Jliist uccienoBanus 06pasusl pactenus A. aphylla L. 66um cobpanbt Ha XomMucToi MecTHOCTH OITHAPBIKCKOTO
paitona ®epranckoit obmactu. IIpoObl, B3sTbIE M3 KOpHS, CTEOJsS M JIMCTBEB PACTECHHUs, OBUIM JOCTABJICHBI B JAa0OPATOPHIO, OYHMIICHBI H
CTepuiI30BaHbl 96%-M pacTBOPOM 3TaHONA INPH BBHICOKOM NABJICHHUM M Temmeparype. s BblIeneHHs SHAO(DUTHBIX IPUOOB M3 pacTeHU
ucrons3oBany nurarenbHyo cpeny (Nutrient Agar Hi Media M001 500gm, Non Prescription) B ycrtpoiictBe (BMb-Il-«JIamunap-C»-1,2
NEOTERIC). YacTtu 06pa3noB momMemany B IUTATEIbHYIO Cpely U HHKyOupoBany npu Temmepatype 28 °C. KoxoHnu rpiu6oB BBASISIIACE TTOCIIE
14 nHeit uaKyOanuu. st oTy4eHus! YUCTOH KyJIbTypbl Iprba 3TOT NPOLECC MNOBTOPSUIA TPHAKIIBL.

Tocne 14 nHeit KyIbTHBHPOBAaHUS SHAOPUTHEIC IPUOBI OBIIH OJBEPTHYTHI BO3ACHCTBHIIO HEOIATONPUITHBIX YCIOBUI UTS CTHMYJIALIAH
nporecca cuHTe3a. JlJist 3TOro KOJIMYECTBO MUTATENBHOM CPEIbl IEPHOUYECKH YMEHBIIAIOCh, TEMITEpaTypa CHIDKAIAch, a pH cpesl n3MeHsuIcsL.
IlopnepkuBaeMble B TaKUX YCIOBMSAX B TedeHHe 14 nHel rpuObl BbLIEISUIM CUHTE3UPOBAaHHbIE BellecTBA. BoaHas wacTh Obula OTIENEHA OT
KOJIOHUH SHIO(UTHBIX TPHOOB.

BemtectBa, CHHTE3MPOBAHHbIC SHAOMUTHBIME IpubGamMu, ObLIM SKCTPArMpOBAHBI M3 BOJHOM (ha3bl C MMOMOIIBIO STUIOBOTrO anerara. B
HpOLIECCe SKCTPAKIMH BELIECTBA, CHHTE3MPOBAHHBIC IPHOAMH, IEPEXOAWIM B OpraHudeckyro (asy. BbIIeneHHBIH SKCTpakT 3aTteM ObLI
(paKIMOHNPOBAH C MMOMOIIBI0 KOJIOHOYHOM XpomaTorpaduu. OCTaTOK IOCie MCIIAPEHHs U3 CMECH PACTBOPSUIM B PA3IMYHBIX OPraHUYECKHUX
PaCTBOPUTENSIX I IPOBEPKH PaCTBOPUMOCTH. B pesyibraTe 13 cMecu ObUI0 BBIIEICHO YHCTOE 0€10€ KPUCTALIMYECKOE BEIIECTBO, PACTBOPUMOE
B BOJIC U 3TaHOJIE, HO HE PACTBOPUMOE B MeTaHoIe. JlaHHOE BElIECTBO OBLIO HCCIEAOBAHO € HOMOIIBIO (PM3HKO-XMMUYECKUX METOJIOB, TAKUX KaK
yasrpaduoneroBas (Y®), uadpakpacuas (UK), spepHO-MarHuTHO-pe3oHaHcHas (JIMP) cmektpockomus, BBICOKOI((EKTUBHAS >KHAKOCTHAS
xpomatorpadust (BOXKX), macc-criexrpockomust (MC).

SnepHo-mMarHuTHbII pezonanc (IMP) npoBoamiu Ha crniektpomerpe ¢ yacroroit 600 MI'. B kayecTBe pacTBOpUTENEH HUCIOIb30BAIN
CDCls 1 DMSO-d6. Cnextps! 1H 1 13C NMR 6bumn 3ammicasns! IpH KOMHATHO# TeMIepaType. BHyTpeHHIM cTaHIapTOM Ul KIHOPOBKH CITY KT
terpamerwiicuian (TMS) [6].

OG6partHas (azosas nano-LC-MS/MS nposoaunace ¢ ucnonb3oBanueM unn-Q-TOF macc-ciektpomerpa Agilent Technologies 65208,
noAKIIYEHHOT0 K cucteme nano-)KX Agilent 1200. O6pasen ppakunonupoBanu Ha xpomarorpade Agilent Technologies 1200 gepe3 Zorbax SB
C18 YMII, 5 mxm, 75 MkMm X 43 mm. MobOuibHas ¢pasza: A — 0,1% pacTBop MypaBbUHOI KUCIOTHI + 5% aneronutpui, B — aneronutpuin + 0,1%
MypaBbUHOIT KUCIIOTHI + 10% nefioHn3upoBaHHOIT BoAbI. AHaIN3 BhINOMHUICS Ha pudope Agilent Technologies 1260 Series Cap Pump ¢ notokom
4 mxu/mMuH. DsuTionus nmpoBoaniacsk Ha npudope Agilent Technologies 1260 Nano Pump ¢ motokom 0,6 mxi/mus. ['pagueHt koHueHtpauun B —
o Bpemenu: 0% - 3 mun, 60% - 12-18 muH, 0% - 20 MuH. PacTBOpsI NerasupoBannck Ha nerasarope Agilent Technologies 1260 mk. O6pa3ist
HAHOCHJIM Ha KOJIOHKY 00bEMOM 2 MKJI ¢ moMortisio npudopa Agilent Technologies Micro WPS. ®pakuyn aHaIH3UpOBAIN C UCIIONB30BAHHEM
Macc-CIeKTPOMETPHH B CIICAYIOMINX YCIOBHUSX:

HWcrounuk nonn3amu: ESI+, motok cymamiero rasa: 4 Ji/MuH, TeMIiepartypa cyaiiero rasa: 350°C, HanpspkeHue Ha KOHYCe CKpIMMepa:
65V, ¢parmenrarop: 175V, nuanazon maccel: B pexxume MS 50 — 3000 m/z, B pexkxume MS/MS 50 — 2500 m/z, nanpsskerue CAP ot 1800 mo
2500V. MeToa MOHU3ALMH: TTOJIOKHUTEIIbHBIN [7].

Il Y®-CrieKTpOCKOIIMH BELIECTBA UCIOJb30BaNHU criekTpodoromerp MetashUV5100 ¢ amuHo# Bosabl 190-1100 Hm. UK-criekTp ObLT
3anucan Ha crekrpomerpe Shimadzu IR spiritX B quanasone 400-4000 cm-1 [8-9].

Pe3yabTaThl M aHanu3. MccnenoBaHbl HavyajbHble (DU3MYECKUE CBOMCTBA BELIECTBA, BblIeNeHHOro B yucrtoMm Buzae (Puc. 1). Bouio
YCTaHOBJICHO, YTO BEIIECTBO SBJISETCS TBEPABIM, OSTIOBATOIO LIBETA, C TEMIIEpaTypol riasieHus 174-177°C.

21

s HO

Pucynox 1. Crpyxrypa semecrsa
BemectBo OBUTO HCCIEOBAHO (U3NKO-XHUMHYECKHMH METOJAMH, TakuMu Kak ymbTpaduosneroBas (Y®), undpakpacuas (UK)
CTIEKTPOCKONNS, SIAEPHBIA MarHUTHBIA pe3oHaHc (SIMP), BeicokoaddexTnBHas xuaxoctHas xpomarorpadus (BOXKX) m macc-crexrpomerpus
MCQ).

0.10

o.08

0.06

0.04

0.02

0.00

200 300 400 500 600
Prcynox 2. Y®-cnexTp semecrsa
Ilyrém wm3mepenus Y@-crekTpa IOIVIOMICHUS] BEIIECTBAa OBUIM IIOMY4YECHBI IpEIBApHUTENbHBIC TaHHBIE O €ro CTPYKType. Bbuio
YCTaHOBIICHO, YTO CIEKTP IIOKa3al MaKCHMAIbHYI0 TOUKy moriomeHus Ha 208 HM, 4TO CBUIAETEIBCTBYeT 00 OTCYTCTBUH apOMaTHYECKHX
KOMIIOHEHTOB, TaK KaK 3TO 3HAUCHHE XapaKTepHO A1 HEKOHBIOTHPOBAHHBIX CHCTEM, OOBIMHO HE COAEpKAIMX OONBIIOE KOIHYIECTBO T-
9JIEKTPOHOB. ApOMaTHUYECKHE COSTMHEHHS, TAKHE KaK OCH30IbHOE KOJIBLIO, OOBIYHO ITOKa3BIBAIOT IIOTJIOMIEHHE MPH 00JIee BBICOKHX JUTHMHAX BOJH,
OJTHAKO B IaHHOM CIIEKTPE TaKUe MOTJIOIIEeHUs oTcyTcTBoBanu (Puc. 2).
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Pucysok 3. MK cuextp semectsa

Jlnst onpenieneHyst (PyHKIIHOHATIBHBIX TPYIIT B MOJIEKYJIE BEIIECTBO OBLIO UCCIIENOBAHO C HCIIONB30BaHHEM HH(PAKPACHOTO U3IyYCHUS.
Ananus VK-criekTpa moMoraer onpeenuThb pa3indHble (GyHKIHMOHATIbHbIE TPYIIIBI B MOJIEKyJIe. B criekTpe Habm0aam0ch MUPOKOe MOTIIOICHHE
B obmactu 3300-2500 cM ™', 94TO COOTBETCTBYET BAJEHTHBIM KoleOaHMSAIM THUApOKCHIbHOW rpymmsl (O-H). s xapOOHOBBIX KHCIIOT 3TO
HOTJIOIIEHUE OOBIYHO MIPOSIBIISIETCS B IMHPOKOH (hopMe, TorJa Kak CIIPTHI 00pa3yloT Ooliee y3Kue MOJIOCH! IoromeHus. [loriomenne B fuamnasone
1700-1725 cm! ykaspiBaeT Ha BaJleHTHbIE KoyieOaHHsl KapOoHmibHOU rpymmsl (C=0), 4To XapakTepHO IUisi KapOOHOBBIX KHCIIOT, MOCKOJIBKY
THAPOKCUIIbHAS TPYIIIA, IPUCOSUHEHHAS K KapOOHIIBHOM Tpymie, BiuseT Ha e€ cBa3b. Konebanus B auanmazonax 2850-2960 cvm ' u 1350-1470
cM! yka3pIBaloT Ha Hanmuue MeTuiaeHOBBIX (-CH:-) m mermnbubIX (-CHs) rpymm. Takxke B criekTpe HaOJIIOJAIOTCS MOJIOCH! MOIVIOIICHUS B
nuanazoHax 1050-1300 cm ' u 700-900 cm !, xapakTepHble 11 BaJeHTHBIX Konebanuii C-O B KapOOHOBBIX KHCIIOTaX U CIIMPTOBBIX IPYIIIAX, a
TaKoKe JUIS UKII0ATKaHOBEIX CTPYKTYp (Puc. 3).

Jlnst monmydeHus MH(GOPMAIUH O YHCTOTE M COCTaBe BEIIECTBA HCIIONB30BAM BBHICOKOI((OEKTHUBHYIO JKHUIKOCTHYIO XPOMATOTpaduIo
(BDXKX). Ha xpomarorpamme BOXKX HaGmomaercst 4€TKMI CHUTHAJ, YKa3bIBAIOIIMKA HAa HAJWYME TOJBKO OJHOTO OCHOBHOIO KOMIIOHEHTA B
BEIIeCTBE. DTO YKa3bIBaeT HA BBHICOKYIO YHCTOTY BEIECTBA, TaK KaK CHI'HAJ HPEJCTAaBICH C OANHAKOBOI MHTEHCHBHOCTBIO H OJXHOPOIHOCTBIO.
OO6BIYHO TaKOH YETKMIT CHTHAT HAOMIOAAETCS B ClIydae OTCYTCTBHUS OOOYHBIX POIXYKTOB MIIH IIPHMECEH, 4TO HOATBEPIKIaeT YUCTOTY BEIIeCTBa.

MornekyssipHas Macca BelecTBa Oblia TOYHO orpernesieHa ¢ nomoisio LC-MS. OCHOBHO# MUK B Macc-CIEKTpe HAOIIOAAeTCs MpH m/z
391, 4TO COOTBETCTBYET MOJICKYISIpHON Macce 391 1/MOITb, 4TO MOATBEPIKAACT IIPUHAIICKHOCTD K MOJIEKYIIPHOMY HOHY [M+] 1e30KCHXO0IeBOM
KuCIOThL. Hanmuue 9Toro curHaina ykasslBaeT Ha HOHU3AIMIO MOJICKYJIBI 0€3 CyIIeCTBEHHOTO paclaja, 4To IOATBEPIKIaeT €€ [eIOCTHOCTb.

JNannsie IMP-criekTpa Obliv Takke npoaHamusuposanbl. Ha 'H SIMP-crekTpe BHIHO HECKOJBKO PE3OHAHCHBIX CHMTHANOB, UTO
CBUJICTEJICTBYET O HAJIMYMKM aTOMOB BOJIOPOJA, HAXOJSIIMXCS B PA3IMYHBIX XMMHUYECKUX OKpykeHusix. CurHan B obmactu 0,70 m.x.,
HPEIIOTI0KHUTENBHO TIPHHAIIKANMH MeTuibHOH rpynme (-CHs), yka3biBaeT, 9To 3Ta IpyIia He CBs3aHa ¢ OEH30JIbHBIM KOJIbIOM. CHUTHAIBI ¢
BBICOKO#l MIOTHOCTBIO B obmactsax 0,91, 0,95 u 1,43 M.n. yka3slBaroT Ha BOJOPOAHBIC aTOMBI B anu(aTHUECKOH YrIEBOIOPOAHON LemHu,
Haxozsdumuecs Oynu3ko Apyr K apyry. Kpome toro, B obnactsax 2,10 u 2,22 M.A. BUAHBI CUIHAJIBI, YKa3bIBAIOLIME HA BOJOPOJHBIE ATOMBI,
HaxOoJUIIIHeCs] PAIOM C apoMaTHIecKoll cucTeMoi. CurHan B o6nacTu 3,65 M.J. IIPUHAUISKHUT BOXOPOJLY, HAXOAAIIEMYCS PSIIOM C YIIIEPOJIOM,
CBsI3aHHBIM ¢ TuApokcuibHOU (-OH) mmn merokcunbHO# (-OCHs) rpynmoii. CunriaerHsiii cursan B obnactu 4,06 M.A. MOXET NPHHAIJIEKATh
OTZAENBHOMY IIPOTOHY, MOTEHIMAIILHO CBA3aHHOMY € OCH30JIbHBIM KOJIbLIOM (Png. 4).

'
i

Pucynok 4. 'H SIMP-criekTp BemiecTsa
B ¥C AMP-cnextpe curnans B o6macta 0,70—1,70 M., yKa3bIBalOT Ha Pa3IMYHOE MOJIOKEHHE aTOMOB YIIEpO/a, YTO MIOMOTaeT HOATBEPIUT

Pucynoxk 5. *C SIMP-cniexTp BelecTsa.
3akaiouenne. B xozme mccienoBanus BIEepBbIe ObUIa CHHTE3HPOBAaHA IE30KCHXOJIEBas KUCIOTa U3 SHIOGHUTHBIX TpHOOB pacTeHus A.
aphylla L.. B mporiecce uccieoBanusi ObLTH HCIIOIb30BAHBI METOIbI AHAII3a BRICOKOU 3 ()eKTUBHOCTH )KHUAKOCTHOH xpomarorpaduu (HPLC) u
LC-MS, KoTOpBIe NPEIOCTABUIN BaXKHBIC CBEICHHUS O YUCTOTE U COCTaBE BEIIECTBA. DTO MOATBEPIUIIO €rO ONMpPE/ICIEHHBIH U TOYHbIH COCTaB, a
TaKKe MMOKa3ajo, 4TO MOJEKyJsIpHas Macca paBHa 391,28589. Kpome Toro, ¢pHu3NKO-XUMHUYECKHEe METOABI HCcieoBanys, Bkitodas SIMP, YO u
VK crnekTpOCKONHH, MO3BOJIMIN TOYHO ONPEACTUTh XUMUYECKYIO CTPYKTYPY JE30KCHXOJEBOH KHCIOTHI. Pe3ysbTaThl JAHHOTO HCCICIOBAHMUS
[PEOCTABISIOT HOBBIC 3HAHMUS O BBIICICHUH JAC30KCHXOICBOI KUCIOTHI U3 rpuboB pacternus A. aphylla L.. Do Takxe 3akiagpBacT OCHOBY IS
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OyayIINX HCCICAOBAHMII MOTCHINAIBHON OMOIOrMYECKOil aKTHBHOCTH JaHHOTO BEIIECTBA, KOTOPOE COCTABISICT OCHOBY MHOTHX HPEIapaTtoB,
HPUMEHSEMBIX IS IPOQUIAKTHKY U JICUCHHUs 3a00JIeBaHHI THILEBAPHTEIBHON CHCTEMBI 1 JKeNyJOYHO-KHIIedHoro Tpakra [10-12].
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3ABUCHMOCTbD Y®PEKTUBHOCTU KOHAEHCALIMA OT KOHHEHTPALIAU TBEPJOM ®A3bI B IAPOI'A30BOMI
CMECH
AHHOTaIUsS
B cratbe npuBeneHBbl pe3yabTAaThl SKCHEPUMEHTANIBHBIX HCCIEAOBAHMUM W PE3yJbTaThl BHU3YaJbHBIX HAOIIOJCHUH MHOTOKOMIIOHEHTHOM
[aporasoBoil CMeCH B Ipolecce KOHJCHCALMH. BbU10 onpeneneHo 4ro, iy B COCTaBe MHOTOKOMIIOHEHTHOM apora3oBoi CMECH J0JIst TBEPIbIX
YyacTHIl cocTaBisieT boiee 3%, TEMI00T/Aa49a HECKOIBKO 3aMEUISETCS, T.€. KOJIMYECTBO TEIUIOThI, KOTOPOE MepeaaeTcs B eMUHUIYY BPEMEHHU Yepe3
PacyETHYIO €IMHULY IOBEPXHOCTH.

DEPENDENCE OF CONDENSATION EFFICIENCY ON SOLID PHASE CONCENTRATION IN THE VAPOUR-GAS MIXTURE
Annotation
The article presents the results of experimental studies and the results of visual observations. It was determined that when the share of solid particles
in the composition of a multicomponent vapour-gas mixture is more than 3%, the growth of the heat transfer coefficient value is somewhat slower.

KONDENSATSIYA SAMARADORLIGINING BUG'-GAZ ARALASHMASIDAGI QATTIQ FAZANING
KONSENTRATSIYASIGA BOG'LIQLIGI

Annotatsiya
Magolada eksperimental tadgiqgotlar natijalari va kondensatsiya jarayonida ko'p komponentli bug'-gaz aralashmasini vizual kuzatish natijalari
keltirilgan. Ko'p komponentli bug'-gaz aralashmasidagi qgattiq zarrachalarning ulushi 3% dan ortiq bo'lsa, issiglik uzatish biroz sekinlashishi
aniglandi, ya'ni, sirtning hisoblangan birligi orgali vaqt birligida uzatiladigan issiglik migdori.
KuroueBbie ciioBa: TermooOMEHHUK, OJ0TPEBATENb, SKCTPAKLIKS, MHTEHCU(HUKALUS, KOH/ICHCAIINS, KOHIICHTPALUSL.

BBenenne. VYuuThIBas NEPCIEKTUBHOCT pBIHKA B Y30eKHCTaHe JUIl HCIHOJIBb30BAHHS IUIACTHHYATHIX TEINIOOOMEHHHKOB,
IpegycMaTpHBaeM B IPOrPaMMHBIX KOMILIEKCAX BO3MOXKHOCTb pacdeTa JOCTaTOUHO IIHPOKO HCIOIb3yeMOH Y Hac IBYXCTYIEHUATON CMEIIaHHON
CXeMBbI IPHCOeTUHEHHS OIorpeBaTeneii Tops4ero BOJOCHA0KEeHH s, IPUHIIUIIB paOOTHI H pacueTa, KOTOPOU B LIeJIOM OZO0OHBI OJHOCTYIICHYATON
TapajuIeNbHOM cXeMe, XOTs M HECKOJIbKO ciokHee [1].

OjHaKo, MpOrpaMMHbBIC KOMIUIEKCHI (DHPM INIPOM3BOAMTEICH HE JalOT BO3MOXXHOCTH pacyeTa caMoil SKOHOMHYHOH U Hamboiee
MpUMEHsieMOl B Y30eKUCTaHe JBYXCTYIEHYATOM MOCIIe0BaTeIbHON CXEMBl IIPUCOEAMHEHUS MTOJ0rpeBaTeneil ropsuero BojocHaoxenus. I[pu
oxbope TeIIO0OMEHHUKOB B 9TOH cXeMe HEOOXOANMO IPOM3BOUTE PAcieT MOJOTrPEeBATeNs IIEPBOI CTYIEHH ITyTeM MHOTOKPATHBIX MOIBITOK H
yYTOUHeHwUi [2].

AHaIu3 JINTepaTyphI MO TEMe

B xummueckolf NPOMBINIUIEHHOCTH Iapbl SKCTPAaKIHMOHHOTO OEH3WHA dYacTo coAepXaT MHKpodacTHHsl mpota xo 100 mxM, a
MIPOTOJIOBYIIKY He 00ECIeUUBAIOT HX MOIHYIO (GHIBTPALHIO, OCTABILIL 10 5-7% wacTuil. M3BecTHO, YTO MEIKOAUCIEPCHbIE TBEPAbIE YaCTUIIBI
CIIOCOOCTBYIOT POCTY LIEHTPOB KOHICHCAIIMH H YCKOPSIOT Ipolecc. B mccmenoBaHusX i MHTEHCU(UKAMK KOHACHCAMH HPHMEHSIINCH
[OBEPXHOCTHO-aKTUBHbIC U HHEPTHBIC YaCTHIBI IbLITH [3-4].

Hecmotpst Ha TOT aKT, YTO Ha ITyYyKe TOPU3OHTAIBHBIX TPYO HMHTEHCHBHOCTb TEIIOOOMEHA HAMHOTO BBIIIE, YeM HA BEPTHUKAIBHBIX
Tpy0Oax, IMOCIeIHNE Jalle UCIONB3YIOT B XUMUYECKON U MUIEBOH IPOMBIIIICHHOCTSX. DTO IPOANUKTOBAHO MPOIECCOM CAMOOYHCTKH TPYOHOTO
HPOCTPAHCTBO NPH UCTIONB30BAHUHM OXJIAXKJAIOIEN BOJBI CO CpeTHEl H BBICOKOM KECTKOCTEIO [5].

IIpomecc koHIEHCAIMU KaK IPAaBUIO IMPOUCXOAHUT Ha IOBEPXHOCTH IIPU TEMIIepaType, IPH KOTOPOH JaBIICHHE HACBHIIEHHOTO Iapa
MEHBIIIE MapIHaIbHOTO JaBJICHHS apa B MaporasoBoil cmecu [6]. TIpomecc MOXKET mpoTeKaTh Ha HEKOTOPOH OXJIa)JaeMOil MOBEPXHOCTH WK
o0beMe cMecH — Ha IIeHTpax KOHJACHCAIWH, T.€. YaCTHLAxX ITbLIM, HOHaX, KaluiixX U T.4. [7]. KonneHcarys Bcerna HauMHAETCs Ha MOBEPXHOCTH
Kakux-THOo 3apoxsimedt. [Insg moBbimieHHs 3((EKTHBHOCTH IpOIecca, CO3MAIOTCS YCNIOBHS KOHICHCAIIMOHHOIO OCAXKAEHUS IapoB Ha
MOBEPXHOCTH MHUKpoyacTHil [8].

MeTopo0J10rHs HeCIe0BAHUS

C nenpio HHTEHCU(DUKAUY TEIUIOOOMEHA IPU KOHICHCAIIMU CMECH 3KCTPAKIMOHHBIN OCH3UH - BOJA - YACTHI[BI IIPOTa CMOHTHPOBAHA
OIIBITHASL YCTAaHOBKA (TJI.2) M MPOBEIEHHI UCCIIENOBAHMS Ha TpyOaxX ¢ KOIBLEBHIMH KaHABKAMU B IIHPOKOM IMANA30HE M3MEHEHHS PEKUMHBIX
napameTpos [9].

TemmepatTypa BoIbl Ha BXOJe M3MeHsUIAch B mpeaenax 8-14°C, a ckopocts ot 0,05 10 2,5 M/c. CKopocTh Mapora3oBoil CMecH Ha BXOJIE
BapbUPOBATIOCh B AMana3oHe Wy=0,1-11 m/c, uTo cooTBeTcTByeT umciam Peitnombaca Re..=(0,22-20)10°. Koumentpanus TBEpIoii (assl B
COCTaBe NMapora3oBoOi cMecH M3MeHsIach B auanasone c=0-5% .
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d/D=0,93; /D=0,44. d/D=0,88; /D=0,25.

Puc.1. 3aBucumocTh MHTEHCHBHOCTH TeriooOMeHa NU OoT KOHIEHTpaluu TBEPHOHM (ha3bl MHOTOKOMIIOHEHTHOH Mapora3oBOil cMecH
9KCTPaKIHMOHHOTO OSH3MHA PH IIIEHOYHON KOHIEHCAIHH.

x-Re=3500; o-Re=7800; A-Re=12000; o-Re=20000;

Ha pucynke 1 npencraBneHs! pe3ylIbTaThl 0 INIEHOYHONW KOH/ICHCAIIUH NAPOB SKCTPAKIMOHHOTO OCH3HMHA COAEP KaIUX TBEPAYIO a3y

Ha ITIAJIKUX ITOBEPXHOCTAX M TPyOax ¢ KOJBIEBBIMU KaHABKAMH B BUJE (DYHKIIHI Nu = f (C) IUIsL pa3nuYHbIX 3HaueHnit Re, d/D u t/D.

W3 rpadukoB BUIHO, YTO C POCTOM KOHIIEHTPAIlH YaCcTHI[ IIPOTA B CMECH HAOMIOaeTcsl yBeINYSeHHEe HHTCHCUBHOCTH TEIIOOTAAYH BO
BCEM JIMaria3oHe CKOpOCTeii moToka, st Tpyost ¢ d/D=0,93 npu Re=12000 u ¢=0% 3nauenue kodddurmenta rermootaaun Nu=1450, mpu c=1,4%
ko3d¢urment Hyccensra Nu=1680, npu €=3,1% Nu=1890 u coorserctBenno mpu C€=5% xoaddumment Nu=1870. Peskuii poct Nu c
YBEJIMUYECHHEM IIPOUCXOIHUT 1O ¢=3-3,5%, a 3aTeM pOCT CyIIeCTBEHHO 3ameuiercs. [lomoOHas 3akOHOMEpHOCTh 3aMKCHpOBaHA UL BCEX
JKCIIePUMEHTANIBHBIX TPYO U 3Ha4eHui uncen Re.

Cpasuenue 3nauenunii pynkuuii Nu=f(c) aus tpy6 c t/D=0,44 u t/D=0,25 npu orHOCHTENLHO 0auHAKOBbIX 0/D=0,93, uncna Re=12000 u
¢=1,4% Benmumna NU BbIIIIe TP [Iare PacIIoIOKEHHs KONbIEBbIX KanaBok t/D=0,25. Tak, wanpumep, npu t/D=0,44 3nauerus Nu=1550, To mpu
t/D=0,25 cootBerctBenHO — NU=2110, T.€. yBenuuenwue B 1,36 pasa.

AHaJIN3 U Pe3yJIbTaThl

Murencuukanus TemiooOMeHa MPOUCXOJUT 32 CYET OCAKACHUSI MUKPOYACTHI] IIPOTa Ha TEIUIOOOMEHHYIO ITOBEPXHOCTH, KOTOPHIS
CITy’KaT IIEHTPaMH KOHJICHCAIINY KCTPAKIIMOHHOTO OeH3nHa. YacToe 0OHOBIIEHNE INIEHKH YBEININBACT KOJIMYECTBO IIEHTPOB KoHAeHcaryu. [Ipn
KOHLIGHTpauun TBEPAOH (aspl Bbie 3% pocT KO3DQUIMEHTa TEIIOOTaYn 3aMe/UISeTCs W3-3a HACBIIICHHS LIEHTPOB 00pa30OBaHHs Karelsb.
MuTeHcuukanus TemooOMeHa CHIDKaeT TeMIIepaTypy CTeHOK TpyO, IpeIoTBpaliast MPUKHIIaHAEe MHKPOYACTHII.

Cremyer OTMETHTb, YTO HAIMYHE HEKOTOPOrO KOJIMYECTBA NPHMECH B COCTAaBE I1APOra3oBOW CMECH IPH IUIEHOUHOH KOHJCHCAIUH
SIBISIETCSL  TIOJIOXKHUTENIBHBIM (PAKTOPOM M CIIOCOOCTBYET MHTEHCH()HKALIMN KOHICHCALUH.

Teopernueckuii aHaIM3 MOKa3al, YTO I yITydIIeHHS TEIII000MeHa H CHIKSHUSI THAPABIMIECKOT0 COPOTHBICHNUS JIydIlle HCIIONb30BaTh
BHTHIE TPYObI ¢ KaHaBKaMU. J|JIs1 HHTEHCH(HUKALNH TEII00OMEHa B MEXTPYOHOM IPOCTPAHCTBE ONTHMANICH BHIOOP BUTOH KOHCTPYKINH, TaK KaK
BHUTHIE TPYObl MOJKHO pACIoiaraTh TECHBIMH ITyYKaMH, YTO HEBO3MOXHO C IVIAAKHMH TPyOaMH, HECMOTpSl Ha MOBBILICHHE THIPABIMYECKOTO
CONPOTHUBIICHHS U 3aTPAT Ha IPOKAYKY TEITIOHOCHTEIIS.

T'mppaBmigeckoe CONPOTHBIICHUE B ITyYKaxX BUTHIX TPYO He 3aBUCHUT OT YHCIIa TPYO B IyUKe.

XapaKkTepHO, 4TO 3aBUCHMMOCTh KO3((HUIIMEHTa THIPABIMIECKOTO CONPOTUBIeHNs & oT 4ncna PeiiHonbaca Re sBnsercs miaBHO#, 6e3
SIPKO BBIP@XKEHHBIX TIEPEXO/IOB OT JIAMHHAPHOTO TedeHusI K TypOyneHTHoMy. [Iprdem, uem Menbine S/d, TeMm 1utaBHee 3aBUCHMOCTE & OT Re.

Jlnst mydka U3 rIagkux Tpyo ko3 HUIMEHT THIPaBIMIECKOr0 COIPOTHBIICHUSI MOYKHO C BEICOKOH TOYHOCTBIO ONPENENUTE N0 (hopMyIte
Bnasuyca kotopas umeer Bun [10]:

0,266

¢ @
4Re

Jlnst mydka U3 BUTHIX TPYO KO3(MHIMEHT THAPABIMYECKOTO COMPOTUBIEHUS. MOXKHO C BBICOKOM TOYHOCTBIO OIPEAETUTH 1Mo (hopmysie
npod.b.B./I3r06enko koropast umeet BuA [11]:
0,3164

=" .14+ 36Fr 0)
=" | )

0,05

0,045

il

0,035
0,03 —
==
0,025 —————
-
0,02 ‘—‘—-—-—'—'_"—X Re
10* 2 4 5

Puc.2. TuapaBnuyeckoe CONPOTHBICHUE MyYKa TIAAKUX U BUTHIX TPYO
MIPY TEUSHUH BOIBI. X - IIaJKas Tpy0a; My4OK BHTBIX TPYO:
O - Fr=230; o-Fr=298,7; A - Fr=496; < -Fr=7143.
Ha pwuc.2 mpencraBieHbl pe3ysbTaThl YHCICHHBIX JKCIIEPHMEHTOB IO T'HAPABIMYECKOMY COINPOTUBICHHIO Iy4YKa BUTHIX TPYO NpHU
ronepevyHoM odTexanuu [12].
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@Oyuxiust \(\Xi = f(Re)\) mmaBro cHmkaercs. [is mydka ragkux TpyO mpu yBenwdeHun umcia Peiinonsaca c¢ 10,000 mo 40,000

KO3 GUIHEHT rHAPABIMIECKOro conpoTuBieHus ymenbiaercs ¢ 0.032 1o 0.022, yro cocrasisieT 6onee 30%. DTO COOTBETCTBYET JaHHBIM APYTUX
UCCIIE0BaHUM.

BbIBOABI U NIpe/102KeHHsI. B 3aKIII04eHHH ClIeyeT OTMETHTb, YTO IpH 8/d<6 HAKIOH KCHEepUMEHTATbHBIX KpUBHIX &= f(Re) omiuaercs

OT TEOPETHYECKHUX H3-3a CIIOXKHBIX IOTEPh B Spe MOTOKA. 3aKPYTKa MOTOKA YCHIMBACT BIMSHHUE BTOPHUYHBIX TEUCHMIl, OCOOCHHO IIPU MabIX
gucnax PeifHonbaca, 4To BeAET K OonmblIieMy pocTy & B epexonHbIX pekuMax. IIpu Re>60000 HaunHaeTcst aBTOMOACIBHBII PEKHM, yBEIIHINBAsT
pacxoxaeHHe C TEOpHEH.

Hwn

10.

11.

12.

13.
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ATROF MUHIT OBYEKTLARIDAN Mn (11) IONLARINI ANIQLASHNING SORBSION-SPEKTROSKOPIK USULI
Annotatsiya
Sanoat chigindi suvlar tarkibidagi marganes (I1) ionini sorbsion spektroskopik aniglash usuli ishlab chigildi. Immobillash metodikasi keltirildi.
Marganes (1) ionini aniqlash uchun organik reagent bilan hosil gilgan kompleksni hosil bo‘lishini pH muhiti, har xil vaqt oralig‘i, xaroratga
bog‘ligligi o‘rganildi. Immobillangan kupferon reagent bilan hosil gilgan kompleksning tuzilishini va reagentni tolaga immobillanish mexanizmi
Rentgen fluressent va SEM orgali ishotlandi.
Kalit so‘zlar: sorbsion-spektroskopiya, immobillash, kupferon, Marganes, organik reagenrlar, PPD tola.

COPBIIMOHHO-CIMMEKTPOCKOMMUYECKHWIT METO/ ONTPEJIEJEHUSA HOHOB Mn(11) U3 OBBEKTOB OKPY KAIOIIEMN
CPEJIbI
AHHOTaIUA

PazpaboTtan MeTo COpOLMOHHO-CIIEKTPOCKOIIMYECKOro ompeseneHns noHoB Mapranna(ll) B mpoMBIIUICHHBIX CTOYHBIX Bojax. IIpencrasien
Meto] uMMoouu3anuu. st onpenenenus nona mapranua(ll) n3yyena 3aBucumMocTs 00pa3oBaHHs KOMILIEKCA C OPraHW4eCKUM peareHToM ot pH
Cpeibl, Pa3INYHbIX BPEMEHHBIX HHTEPBAJIOB M TEMIIEpaTypbl. MeToaMu peHTreHO(IIyOpECIeHIIMH M CKAHUPYIOIeH JIEKTPOHHOH MUKPOCKOITUN
JI0Ka3aHa CTPYKTypa KOMIUIEKCa IMMOOHIM30BaHHOTO KyII()epOHOBOTO peareHTa i MeXaHu3M HMMOOIIN3aliH PEarcHTa Ha BOJIOKHE.
KaioueBble ¢10Ba: COPOLMOHHO-CIIEKTPOCKOITHS, HMMOOHIH3ALKS, KyT(EepoH, MapraHell, OpraHnuecKie peareHTsl, Boaokuo I/,

SORPTION-SPECTROSCOPIC METHOD FOR DETERMINATION OF Mn(I1) IONS FROM ENVIRONMENTAL OBJECTS
Annotation
Developed the method of sorption-spectroscopic determination of manganese (1) ions in industrial wastewater. Presented the method of
immobilization. For the determination of the manganese ion (l1), the dependence of the formation of a complex with an organic reagent on the pH
of the medium, various time intervals and temperature has been studied. The structure of a complex of immobilized copper-ion reagent and the
mechanism of immobilization of the reagent on the fiber have been proved by X-ray and scanning electron microscopy.
Key words: sorption-spectroscopy, immobilization, kupferon, manganese, organic reagents, PDP fibers.

Marganets — bu organizmda oz migdorda mavjud bo'lgan elementdir. U asosan suyaklar, jigar, buyraklar va oshqozon osti bezida mavjud.
Marganets organizmga biriktiruvchi to'qima, suyaklar, gon ivish omillari va jinsiy gormonlar hosil bo'lishiga yordam beradi. Shuningdek, u yog
'va uglevod almashinuvida, kaltsiyning so'rilishida va qon shakarini tartibga solishda rol o'ynaydi. Marganets miya va asab faoliyatini normal
ishlashi uchun ham zarurdir.

Kunlik marganesga bo’lgan extiyoj ozig-ovgat mahsulotlaridan erkaklar 2,1-2,3mg/sutka, ayollar 1,6-1,8 mg/sutkani tashkil giladi [3].
Ichimlik suvidagi marganets darajasi 1-100 mkg / | orasida o'zgarishi mumkin, ko'pincha bu ko'rsatkich 10 mkg / | dan oshmaydi ruxsat etilgan
maksimal konsentratsiya 0,05 mg (50 mkg) / I ni tashkil giladi [1-2].

Zaharlanish belgilari bir necha oy yoki hatto yillar davomida asta-sekin namoyon bo'ladi. Jiddiy intoksikatsiya holatida Parkinson
kasalligining namoyon bo'lishiga o'xshash belgilar bilan (tremor, yuz mushaklarining spazmlari, yurish giyinligi) doimiy nevrologik buzilish
rivojlanishi mumkin. Natijada paydo bo'lgan sindrom manganizm deb ham ataladi va undan oldin tajovuzkorlik, asabiylashish va hatto
gallyutsinatsiyalar paydo bo'lishi mumkin. Ichimlik suvida marganetsning ko'payishi Parkinson kasalligiga o'xshash nevrologik alomatlarga olib
keladi. Tadgigotlar shuni ko'rsatdiki, marganetsni migdori 1,8 dan 2,3 mg / | gacha bo'lgan suvni istemol gilganlarda nevrologik simptomlarni
boshdan kechirganlar keng targalgan. Ichimlik suvidagi ruxsat etilgan konsentratsiyalar 0,05 mg/I dan oshmaydi [3].

Dengiz cho'kindilarida marganets aylanishi fizik-kimyoviy va biologik sharoitlarga garab oksidlanish va qaytarilish jarayonlarining
o'zgaruvchanligi bilan tavsiflanadi: shuning uchun Mn migdorini va turlarini baholash cho'kindilardagi oksidlanish-gaytarilish reaktsiyasi va tashish
jarayonlarini tushunish uchun muhim masaladir. Qattiq Mn fazalarini operativ aniglangan Mn fraksiyalarni tanlab yuvish imkonini beruvchi
kimyoviy ekstraksiya usullari yordamida aniglash mumkin. Ush bu adabiyotda Mn ni spektroskopik usuli bilan o’rganilgan [4].

Marganets(ll) ioni kontsentratsiyasini nazorat gilish elektrolitik marganets sanoatida mahsulot sifati uchun muhim ahamiyatga ega.
An‘anaviy Mn 2+ aniglash usullari murakkab va reaktivlarni talab qilishi bu esa ishni sekinlashtiradi va moddani ifloslantiradi. Elektrolitlardagi
Mn 2+ miqdorini aniglashning yangi tez va ekologik toza usulini ishlab chigish katta ahamiyatga ega. Ushbu tadgiqotda ishlab chigilgan usul
elektrolitik marganets sanoatida kontsentratsiyani tahlil gilishda ifloslantiruvchi moddalar emissiyasini kamaytirish bilan birga aniglash tezligini
oshirish magsadiga erishishga yordam beradi [5].

O'nlab vyillar davomida marganetsli ogava suvlar ta'sirida bo'lgan daryo cho'kindilari nafagat ko'plab mikroorganizmlarni, balki
organik/noorganik moddalarni ham o'z ichiga oladi. Tarkibida marganets (Mn) bo‘lgan oqava suvlarni samarali tozalash va suv/cho‘kindidan Mn
ni ajratib olish uchun Mn qazib olinadigan hududlardagi ogava suvlar tarkibidagi Mn(Il)ionini sorbsiya mexanizmi o‘rganilgan. Ushbu tadgigot
orgali marganets gazib olish joylarida daryo cho'kindilaridan Mn ni boshqgarish va qayta tiklash bo'yicha ko'rsatmalar berish, sorbsiyasi va
desorbsiyasi mexanizmini yaxshiroq tushuntirishga harakat gilingan [6].

Xozirgi kunda og'ir va zaharli metal ionlarini ogova, sanoat chogindi suvlari tarkibidan aniglash uchun turli organic reagentlardan
foydalanilmogda. Marganes (I1) ionini aniglash usullari ko'p. Ushbu ishda Marganes (lI) ionini aniglash uchun nitrozo gurux saglagan organik
reagent kupferondan foydalanilgan.
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1-rasm. Kupferonning tuzilish formulasi.

Optimal tashuvchi tanlash

Tola A Immobillashgacha A, Immobillangandan so’ng AA

PPA 0,553 0,433 0,12
PPD 0,553 0,295 0,298
PPF 0,553 0,387 0,166
SMA-1 0,553 0,424 0,129
SMA-2 0,553 0,490 0,063
SMA-3 0,553 0,465 0,088

1-jadval

Immobillangan tashuvchi tanlash uchun turli tashuvchilar tanlab olindi. Ularni immobillashga tayyorlash uchun xlor formaga keltirib
olindi. Buning uchun har xil tashuvchilarni 0,2000 g dan analitik tarozida tortib olindi. Ularni 50,0ml 0,1 M li HCI ga 1 soatga solib qo'yildi. So'ng
2-3 marta distillangan suvda yuvildi. Xlor formaga o'tgan tashuvchilarni kupferon reagentiga solib optimal tashuvchi tanlandi. 1-jadvalda
keltirilgan natijalardan xulasa qilib optimal tashuvchi sifatida PPD tolasi tanlab olindi.

Immobillangan tashuvchini Mn(ll) ioni bilan kompleks hosil gilishi

Immobillangan tashuvchini Mn(ll) ioni li tuz eritmasiga solib go"yildi va nur gaytarish spektroskopik asbob bilan nur gaytarish korsatkichi

o'Ichandi.

2- rasm. Immobillangan reagentni nur gaytarish ko tsatkichi (I=1, PPD, t=25C)

Immohillangan reagentni nur qaytarish ko'rstkichi

Kupferon reagentini tolali sorbentga immobillashni vaqt va xaroratga ta'siri. Muhitni pH ga bogligligi va xaroratga ta'siri o'rganildi.
Kupferon reagent uchun tanlangan PPD tolalarni 50 ml li stakanlarga 0,01 % li eritmasidan 5 ml, 5 ml ammiyakli buffer eritmasidan ( pH=6-8

oralig’ida xarorat 25C da) solib har xil vaqt oralig'ida optic zichlik o’rganildi. Natijalar 2-jadval, 3-rasmda keltirilgan.

Immobillashni vagtga bog'lig

kupferon reagent bilan hosil gilgan kompleksning tarkibi Rentgen fluressent analiz orgali 0°rganildi.

Neo Vagt, min. A
1 1 0,55 0
2 3 0,52 0,03
3 5 0,48 0,07
4 10 0,43 0,12
5 15 0,39 0,16
6 20 0,33 0,22
7 25 0,29 0,26
8 30 0,29 0,26
< 0
4

015

01

¢ 1 3 2R | AL R R B T

timin

3-rasm. Immobillashni vaqtga bog ligligi
Immobillangan kompleksni tuzililishini Rentgen fluressent va skanirlovchi elektr mikroskop orgali o'rganish. Mn(Il) ionini immobillangan

ligi (I-1, PPD, T=25C, A=365nm)
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b)Immobillangan kupferon va Mn(ll) ionidan hosil bo’lgan kompleks
4-rasm. Mn(l1) ioni bilan immobillangan kupferon reagentini Rentgen fluoressent analiz natijalari

IMG1(1st)

1 100pm 1 100pm

5-rasm. Mn(I1) ioni bilan immobillangan kupferon reagentini skanerlovchi mikroskop analiz natijalari
Mn(Il) ioni bilan kupferon reagent hosil gilgan kompleksning tuzilishini Rentgen fluoressent va skanerlovchi elektron mikroskop orqali

tahlil gilinganda olingan natijalarga asoslanib xagigardan ham kompleks hosil bo’lgani isbotlandi. Aniglashning optimal sharoit(pH=6-8, t=30 min,
T=25C) lari tanlandi.
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N-BUTIL, N-PENTIL, N-GEKSIL, N-NONIL MORFOLINLAR SINTEZI
Annotatsiya
Morfolinni  butil, pentil, geksil, nonil bromidlar bilan reaksiyalari olib borildi. Olib borilgan sintezlar natijasida tegishli
N-alkilmorfolinlar olindi. Olingan mahsulotlarni vakumda xaydash usuli yordamida tozalandi. Morfolin hosilalari biologik faol moddalar
hisoblanib, gishloq xo‘jaligida, tibbiyotda qo‘llaniladigan birikmalar hisoblanadi. Olingan birikmalar tuzilishi fizik-kimyoviy tahlillar 1Q, YaMR
spektrlari yordamida tahlil gilindi.
Kalit so‘zlar: Morfolin, butilbromid, pentilbromid, geksilbromid, nonilbromid, etanol, aseton.

SYNTHESIS OF N-BUTYL, N-PENTYL, N-HEXYL, N-NONYL MORPHOLINES
Annotation
Reactions of morpholine with butyl, pentyl, hexyl, nonyl bromides were carried out. The corresponding N-alkylmorpholines were obtained as a
result of the conducted syntheses. The obtained products were cleaned using vacum drying method. Morpholine derivatives are considered
biologically active substances and compounds used in agriculture and medicine. The structure of the obtained compounds was analyzed with the
help of physico-chemical analysis IR, NMR spectra.
Key words: Morpholine, butylbromide, pentylbromide, hexylbromide, nonylbromide, ethanol, acetone.

CHUHTE3 N-BYTIJI, N-NTEHTWI, N-I'EKCIJI, N-HOHUJIMOP®OJIMHOB
AHHOTaIUA

IIpoBenens! peakuuu MopdoIMHA ¢ OYTHI, NEHTHNI, TeKCWI, HOHMI OpoMHaamMH. B pesynbraTte NpOBEAEHHBIX CHHTE30B OBLIM MOJYYCHEI
cooTBeTcTBYoIIHEe N-ankunmopdosausbl. [lodydeHHbIe MPOAYKT OYHIIAIA METOAOM BaKyMHOHN cymkd. [Ipon3BoaHble MOP(OIHHA CUHTAIOTCS
6uoNOruYeckd aKTUBHBIMU BELIECTBAMH H COEIHHEHUSIMH, UCIONIb3YeMBIMH B CEIbCKOM XO03siicTBe M MexauiuHe. CTpOeHHE MOITy4eHHBIX
COEIMHEHHI aHAIM3UPOBAIIH C TIOMOIIBIO (pHU3NKO-xuMudeckoro ananmsa UK, SIMP criextpos.
Kurouessie ciioa: MopdomnuH, OyTunopomu, NeHTHIOPOMUL, TEKCUIIOPOMUL, HOHUIOPOMHU/I, 3TAHOJI, AIIETOH.
N-butil, N-pentil, N-geksil, N-nonil morfolinlar sintezi.

Adabiyot ma’lumotlaridan bizga ma’lumki morfolin hosilalari fiziologik faollikni namoyon giladi va analgetik, anestetik sifatida ishlatiladi
[1]. Morfolin tarkibida ikkita geteroatom tutgan noaromatik olti a’zoli xalqaga ega. U bir vaqtning o‘zida tuzilishiga ko‘ra ikkilamchi amin va
siklik efir xossasini namoyon giladi. Morfolinning gidroxloridlari va N-alkilmorfolinning to‘rtlamchi tuzlari antistatiklik, bakteritsidlik,
korroziyaga qgarshi ingibitorlik xossasini namoyon giladi [2]. Morfolin va uning hosilalari (N-formil-morfolin, N-asetilmorfolin, N-metilmorfolin-
N-oksid v.b) erituvchilik qobiliyati yuqori bo‘lganligi sababli, aromatik uglevodorodlarni ajratishda [3] va tabiiy polimerlarda erituvchi sifatida
foydalaniladi [4-5]. N-metilmorfolin-N-oksid nafagat erituvchi sifatida balki, organik sintezda muhim reagent sifatida xam keng qo‘llaniladi [6-7].
Azollar, fenollar va monoetanolaminni alkillash reaksiyalari, N-metilmorfolin-N-oksid/suv (NMO/H20) sistemasida olib borilgan [8-11].
Ko‘rsatilgan sistemada shuningdek ikkilamchi aminlarni formillash reaksiyalari xam olib borilgan [12]. Ikkilamchi aminlarni FAK va NMO/H20
sistemasida allilxlorid va metallilxlorid bilan alkillash usullari xam o‘rganilgan. Tajribalar natijasi shuni ko‘rsatganki, propargilbromid va
allilbromid bilan alkillash mahsulot unumi, FAK usuli bilan olingan mahsulot unumidan kam emas. Shu usulda morfolin, piperidin i pirroliddin
galogenalkanlar bilan NMO/H20 sistemasida alkillanganda mahsulot unumi FAK usulidan kam bo‘lmagan hatto ba’zi hollarda unum yuqori
bo‘lgan [13]. N-alkilmorfolinlar asosiy va nozik organik sintezda muhim axamiyatga ega. Sanoatda pestitsidlar, gerbitsidlar, fungitsidlar sovutish
suvi uchun ko‘p qirrali qurilish buloklari sifatida, bundan tashqari moylash materiallari, sirt faol moddalar, tolaga ishlov berish vositalari va
boshgalar olishda ishlatiladi[14].

Morfolinning alkil hosilalari sintezi. Umumiy metodika. Metod A. Hajmi 50 ml bo‘lgan tubi yumaloq kolbaga 4.95gr (0.06 mol) morfolin
solindi. Erituvchi sifatida 0.6 mol etanol solingandan so‘ng, 0.06 mol kaliy karbonat (K2CO3) solinib so‘ngra tegishli alkilgalogend (butil, pentil,
geksil, nonil bromid) lar 1:1 nisbatda ya’ni 0.06 mol solindi. Reaksion aralashma teskari sovutgichda magnitli aralashtirgich yordamida 1-9 soat
vaqt davomiyligida gizdirildi (YuQX nazoroat qilindi). So‘ngra erituvchi xaydab olindi. Eritmada qolgan kaliy karbonat suvda eritilib, reaksiya
mahsuloti xloroformda (CHCI3) ekstraksiya qilindi. Xloroform xaydalgandan so‘ng, mahsulot qayta kristallandi yoki vakumda quritib olindi.

Metod B. 4.95gr (0.06 mol) morfolinga aseton erituvchisidan 0.6 mol solingandan so‘ng, 0.06 mol kaliy karbonat (K2CO3) solinib so‘ngra
tegishli alkilgalogend (butil, pentil, geksil, nonil bromid) lar 1:1 nisbatda ya’ni 0.06 mol solindi. Reaksion aralashma teskari sovutgichda magnitli
aralashtirgich yordamida 1-9 soat vagt davomiyligida gizdirildi (YuQX nazoroat gilindi). Reaksion aralashmadan kaliy karbonat (K2CO3) filtirlab
olindi, so‘ngra erituvchi xaydalib, mahsulot qayta kristallandi yoki vakumda quritib olindi.

4-butil morfolin, C8H17NO

A metodi ga ko‘ra sintez gilindi. 4.95 g (0.06 mol) (1), 6.44 ml (0.06 mol) butilbromid va 8.28 g (0.06 mol) K2CO3. Unum (70%).

B metodi ga ko‘ra sintez qilindi. 4.95 g (0.06 mol) (1), 6.44 ml (0.06 mol) butilbromid va 8.28 g (0.06 mol) K2CO3. Unum (69%).

YaMR 1H (600 MGs, CDCI3, §, m.u., J/Gs): 0.88 (3H, t, J= 7.4, H-10), 1.30 (2H, dt, J= 8.1, 7.2, H-9), 1.43 (2H, m, H-8), 2.29 (2H, ddd,
J=9.1,6.0,1.2, H-7), 2.40 (4H, s, N-2,6), 3.68 (4H, t, J= 4.7, H-3,5).

YaMR 13C (150 MGs, CDCI3, 5 m.u.): 14.11 (C-10), 20.77 (C-9), 28.77 (C-8), 53.88 (C-2,6), 59.00 (C-7), 67,08 (C-3,5).

1Q spektr (KBr, vmax, sm-1): 2957, 2858, 2807, 1455, 1307, 1358, 1274, 1147, 1117, 1070, 1034-755, 975, 914, 866, 628.

4-pentil morfolin, COH19NO

A metodi ga ko‘ra sintez gilindi. 4.95 g (0.06 mol) (1), 7.50 ml (0.06 mol) pentilbromid va 8.28 g (0.06 mol) K2CO3. Unum (72%).
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B metodi ga ko‘ra sintez qilindi. 4.95 g (0.06 mol) (1), 7.50 ml (0.06 mol) pentilbromid va 8.28 g (0.06 mol) K2CO3. Unum (71%).
YaMR 1H (600 MGs, CDCI3, 3, m.u., J/Gs): 0.85 (3H, t, J= 7.2, H-11), 1.26 (4H, m, H-9,10), 1.44 (2H, kd, J=7.4, 2.1, H-8), 2.27 (2H,
dt,J=7.9, 2.4, H-7), 2.39 (4H, s, H-2,6), 3.68 (4H, s, H-3,5).

YaMR 13C (150 MGs, CDCI3, S,

m.u.): 14.09 (C-11), 22.41 (C-10), 26.31 (C-8), 29.89 (C-9), 53.62 (C-2,6), 59.29 (C-7), 66,93 (C-
3,5).

1Q spektr (KBr, vmax, sm-1): 2957, 2931, 2856, 2807, 1708, 1454, 1358, 1271, 1118, 1071-1757, 1034, 1004, 914, 864, 796, 628.

4-geksil morfolin, CLOH21NO

A metodi ga ko‘ra sintez gilindi. 4.95 g (0.06 mol) (1), 8.34 ml (0.06 mol) geksilbromid va 8.28 g (0.06 mol) K2CO3. Unum (78%).

B metodi ga ko‘ra sintez qilindi. 4.95 g (0.06 mol) (1), 8.34 ml (0.06 mol) geksilbromid va 8.28 g (0.06 mol) K2CO3. Unum (74%).

YaMR 1H (600 MGs, CDCI3, 8, m.u., J/Gs): 0.84 (3H, m, H-12), 1.26 (6H, m, H-9,10,11), 1.43 (2H, m, H-8), 2.28 (2H, m, H-7), 2.39
(4H, s, H-2,6), 3.68 (4H, t, J=4.7, H-3,5).
YaMR 13C (150 MGs, CDCI3, S,
7), 67,08 (C-3,5).

1Q spektr (KBr, vmax, sm-1): 2929, 2855, 2807, 1456, 1357, 1275, 1118, 1071, 1034-1726, 1010, 917, 866, 793, 757.

4-nonil morfolin, C13H27NO

A metodi ga ko‘ra sintez gilindi. 4.95 g (0.06 mol) (1), 11.5 ml (0.06 mol) nonilbromid va 8.28 g (0.06 mol) K2CO3. Unum (81%).

B metodi ga ko‘ra sintez qilindi. 4.95 g (0.06 mol) (1), 11.5 ml (0.06 mol) nonilbromid va 8.28 g (0.06 mol) K2CO3. Unum (79%).

YaMR 1H (600 MGs, CDCI3, §, m.u., J/Gs): 0.84 (3H, t, J= 7.1, H-15), 1.26 (12H, m, H-9,10,11,12,13,14), 1.48 (2H, t, J= 7.7, H-8), 2.32
(2H, m, H-7), 2.45 (4H, s, H-2,6), 3.72 (4H, t, J= 4.7, H-3,5).

YaMR 13C (150 MGs, CDCI3, S, m.u.): 14.18 (C-15), 22,74 (C-14), 26.43 (C-9), 27.56 (C-8), 29.34 (C-12), 29.60 (C-10, 11), 31.94
(C-13), 53.76 (C-2,6), 59.27 (C-7), 66,87 (C-3,5).
IQ spekr (KBr, vmax, sm-1): 2924, 2854, 2807, 1459, 1357, 1274-1071, 1119, 1007-755, 915, 866, 629,

KO3
+ Br-(CH)n-CH; ©.0.00 C,HsOH
CH3COCH3

m.u.): 14.04 (C-12), 25,54 (C-11), 26.60 (C-9), 27.28 (C-8), 31.86 (C-10), 53.88 (C-2,6), 59.34 (C-

H (CHz)n CHs

1 2 3
2an=3 3an=3
2bn=4 3bn=4
2cn=5 3cn=5
2d n=8 3d n=8

N-alkil morfolinlar sintezi reaksiya tenglamasi.

Reaksiya mahsulot unumi reaksiyaga kirishgan alkilgalogenidlar tabiatiga qarab turlicha bo‘ldi. Bunda zanjir uzaygan sari reaksiya
mahsulot unumi xam mos ravishda oshib bordi.

Natijalar va ularning tahlili. Morfolin bilan alkilgalogenidlarning reaksiyasini amalga oshirish uchun reaksiya mahsulotining unumiga
erituvchilar, vaqt va modda tabiati kabi omillar ta’siri o‘rganildi. Erituvchilar sifatida etanol va aseton erituvchilari tanlandi. Tajriba natijasida
etanol erituvchisida unum yuqori bo‘lganligini ko‘rishimiz mumkin.

Reaksiyalarda mahsulot unumiga reaksiya davomiyligining ta’sirini o‘rganish maqsadida reaksiyalar turli xil vaqtlarda olib borildi. Bunda
tajribalar 1-9 (soat) vaqt oralig‘ida olib borildi. Natijalar shuni ko‘rsatdiki 5 soat davomida olib borilgan reaksiya mahsulot unumi yuqori bo‘ldi.

Morfolin va galogenalkanlar reaksiyasida, mahsulot unumiga reagentlar mol nisbatlari xam o‘rganildi. Olingan natijalardan ko*rinadiki
reagentlarning mol migdorlari 1:1 nisbatda olinganda samarali natijalarga erishildi.

O‘tkazilgan tajribalar natijasida morfolinni alkilgalogenidlar bilan alkillash reaksiyalari o‘rganildi va olingan natijalar tagqoslandi. Xulosa
qgilib shuni aytish mumkinki, reagentlar migdori 1:1 nisbatda, etanol erituvchisida, 5 soat vaqt davomida olib borish eng qulay sharoit bo‘lishi
mumkin ekan. Olingan natijalar umumlashtirilgan holda quyidagi jadvalda keltirilgan.

Morfolin va alkilgalogenidlar reaksiyalarining optimal sharoitlari va unumlari

Ne Alkilgalogenidlar Erituvchi Reaksiya vagti, soat Reagentlarning mol nisbatlari Reaksiya unumi
1 Butilbromid Aseton 5 1:2 69%
Etanol 5 1:11 70%
2 Pentilbromid Aseton 5 11 71%
Etanol 5 1:1 2%
3 Geksilbromid Aseton 5 1:1 74%
Etanol 5 1:1 78%
4 Nonilbromid Aseton 7 1:1 79%
Etanol 7 11 81%

Demak olib borgan tajribalar natijasida ushbu reaksiyalar uchun optimal sharoitlari o‘rganilib yuqori unum bilan chigadigan reaksiyalar sharoitlari
belgilab olindi va olingan birikmalar fizik-kimyoviy usullar yordamida tahlil gilindi.
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