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ISOLATION OF IRIDOIDS FROM VERBASCUM MARSCHALLIANUM

Ibrayeva Manshuk — PhD, acting associate professor, Department of Natural sciences, Yessenov
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University, Ust-Kamenogorsk, Kazakhstan, mukazhanovazhb@mail.ru, https://orcid.org/0000-0003-4635-
8000.

Abstract. This article discusses the process of isolating iridoids from a plant of the
genus Verbascum, of the Scrophulariaceae family, collected during the fruiting period
in the Altai region of Kazakhstan, known for its unique chemical compounds and use in
traditional medicine. Iridoids, which are secondary metabolites, have gained popularity
due to their pharmacological properties, including anti-inflammatory and antioxidant
effects. The paper describes solvent extraction methods and their effectiveness in
extracting iridoids. Qualitative and quantitative analyses of the obtained extracts were
also performed using technologies such as high-performance liquid chromatography
(HPLC). This article not only provides practical recommendations for optimizing the
extraction processes, but also discusses the biological activity of the isolated compounds,
which opens up new horizons for the pharmaceutical and cosmetic industries.

The results of the study highlight the importance of using a plant of the genus
Verbascum, of the Scrophulariaceae family as a promising source of iridoids, which can
contribute to the development of sustainable use of medicinal plants. As a result of the
studies, the content of the plant iridoids complex was determined by extraction methods
(maceration 80% EtOH, 72 hours, 1:8-9) and adsorption column chromatography with
RP-18 from the plant of the genus Verbascum marschallianum. The quantitative content
of iridoids is 1.10-2.39%. Using paper chromatography and thin-layer chromatography,
a qualitative analysis was carried out and a pure substance - lateroside - was isolated
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by high-performance liquid chromatography. The structure of the obtained individual
substance was identified by modern physicochemical methods based on chemical
transformations and the results of the studied IR, UV, '"H - NMR and "*C - NMR, mass
spectrometry.

Keywords: Verbascum marschallianum, Scrophulariaceae, extraction, adsorption
column chromatography, RP-18 sorbent, HPLC, NMR, iridoids, lateroside.M.
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VERBASCUM MARSCHALLIANUM-HAH UPUJOUATAPIBI bOJIY

Hopaesa Manmyk MyparoBHa — Ph.D, kaybsIMpacTeIpbUIFaH mpodeccop M.a., IKapaTbUIBICTaHy
FeUTBIMIApB! Kadenpacel, Yessenov University, Axray, Kazakcran, ibrayevamanshuk@mail.ru, https:/
orcid.org/0000-0003-4074-5499;
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AnHoramusa. byn wmakamama KaszakcranuelH AdnTail eHipiHae jkeMic Oepy
Ke3CHiHJle KuHaiFaH Scrophulariaceae TYKbIMAAchIHA KaraTblH Verbascum
TEKT1 ©CiMIiriHeH, o3iHiH Oiperell XMMHUSUIBIK KOCBUIBICTAPBIMEH >KOHE IoCTYpIi
MeINIMHAAA KOIAaHbLTYbIMEH TaHBIMANl HPUAOUATHI KOCBUTBICTAp/AbI 0O any ypaic
KapacThIpbUIa bl. EKIHIIITIK MeTaboauTTep OOJBIN TaObUIATHIH UPHOUATAP ©3/CPiHIH
(hapMaKoNOrHsJIbIK KacHETTEepiHe, COHBIH illiHAe KaObIHyFa Kapchl »KOHE TOTBIFYFa
Kapchl OeJICeH/Ii acepiepre OaiaHbICThl TAHBIMAN. 3€PTTEY KYMBICBIHAA ePITKIIITePAi
IKCTpaKUMsiIay oSAicTepi KOHE ONapiblH HPUAOHIATAPABI alydarbl THIMILTIKTEpI
cUMaTTajraH. AJIBIHFaH CBHIFBIHIBUIAPABIH CamajiblK >KOHE CaHABIK Tajjaayiapbl
worapb(hexTHBTI cYWBIKTHIK xpoMarorpadusi (HPLC) texHonorusiapsiH KongaHy
apKBUIBI /12 JKYPTi3iareH. by Makanaga sKCTpaKUUSUIBIK MIPOLecTepi OHTANIaHABIPY
OolibIHIIA TOKIPUOETIK YCHIHBICTAD KOPCETLNN KaHa KOHMal, COHBIMEH Karap
(apmaleBTHKa >KOHE KOCMETHMKAa OHEpKaciOl YIIIH jkaHa MYMKIHAIKTEp amarbiH
OKILIayJTaHFaH JKeKe KOCBUIBICTAPIbIH OMOJIOTHSIBIK OCICEHAINIr e TaTKbIIaH bl

3epTTey HOTWXKENEpl ASPUIIK OCIMIIKTepAl TYpaKThl MaijanaHyabl JaMBITYFa 30D
BIKIaJl €Te alaTbhlH UPUAOUATAPABIH MEPCIEKTUBANIBIK KO3i peTinae Scrophulariaceae
TYKBIMJIAChIHA XKaTaThlH Verbascum TEKTI ©CIMIIKTI MalJaNiaHydblH MaHbI3IbLUIbIFbIH
kepceteni. JKacamran 3eprreynep HoTWwkeciHae Verbascum — marschallianum
TEKTI OCIMIIKTeH OJKCTpakuus ofictepiMeH (Mamnepauuss 80% EtOH, 72 carar,
rugpomonyns 1:8-9) xone RP-18 agcopOumsiiblik OGaraHanbl XpoMarorpadusicbiMeH
OCIMIIK HMPUOUATAPHl KEIICHIHIH KypaMbl aHBIKTaNIbl. MpumounrapablH CaHIbIK
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momuepi 1,10-2,39% apanbirbin Kypaiinel. Karaz xpomarorpadusichblH KoHE KyKa
KabarThl XpomaTtorpadusHbpl TalanaHa OTBIPBIN, camajblK Tajlaay >Kyprisimim,
KOFapb((EKTUBTI CYHWBIKTBIK Xpomarorpadusichl apKbUIbl Taza 3aT — JIAaTePO3UJ
OeuiHIN aJbIHABL. AJIBIHFAH JKeKe 3aTThIH KYPBUIBIMBI XUMUSUIBIK TYPJICHAIpYJIEp MEH
UK, YK, 'H — SIMP sxone *C — SIMP, Macc-CIeKTpOMETPHSI HOTHXKETIepiHe HeTi3AereH
3aMaHayn (U3UKa-XUMUSIIBIK 9ICTEPMEH aHBIKTAIIIbI.

Tyiin ce3nep: Verbascum marschallianum, Scrophulariaceae, 3kctpakius,
aacopOIusuIbIK  OaraHaibl xpomarorpadusicel, RP-18 copbOenti, XICX, SMP,
WUPUIOUATAD, JIATEPO3HUI.
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AHHoTanus. B naHHO# cTarhe paccMaTpuBaeTCs MPOLECC BBIICICHUS UPUIOUIOB
u3 pacrenust pona Verbascum cemeiictBa Scrophulariaceae, cOOpaHHOTO B TIEPUOI
TUIOZIOHOIICHUS B AnTalickoM pernone Kazaxcrana, H3B€CTHOTO CBOUMH YHUKAJIbHBIMU
XMMHYECKHMH COEIMHEHUSIMH U NMPUMEHEHHEM B HapomHOi meauuune. Mpumonmsl,
SIBJISIOIINECS] BTOPUYHBIMH METa0OIMTaMM, TPHOOPENIN TMOMYJISIPHOCTh Onarogaps
cBOMM  (hapMaKOJIOTHYECKHM CBOMCTBAaM, BKJIIOYas MNPOTHBOBOCIAJIHMTEIBHOE U
AQHTHOKCHUIAHTHOE JieiicTBHE. B cTaThe Omucanbl METObI SKCTPAKLUH PACTBOPUTEISIMU
1 uX 3 PEKTUBHOCTD MPU M3BJICUCHUN HPUA0HI0B. KadecTBEHHBIH 1 KOIMUECTBEHHBIN
aHaJIN3 TOJYYEHHBIX DKCTPAKTOB TAaK)KE OBbUI BBIMOJHEH C HCIOJIb30BAHUEM TaKUX
TEXHOJOTWH, Kak BbIcoKod(dekTuBHas xuakocTHas xpomarorpadus (BDXKX). B
JaHHO# cTaThe HE TOJNBKO JaHbl NPAKTUYECKUE PEKOMEHIALUH [0 ONTUMH3AIHU
MPOLIECCOB IKCTPAKIIMHU, HO M 00CY)KIaeTCss OHMOIOrnYecKasi aKTUBHOCTh BBIJICICHHBIX
COCMHEHHH, YTO OTKPHIBACT HOBBIE TOPU30HTHI Ui (DapMaLEBTUUCCKOW U
KOCMETHYECKOH MPOMBIIUIEHHOCTH.

Pesynbrarel McCIEIOBaHUS TMOJYSPKUBAIOT BAXKHOCTh HCIIOIB30BAHUS PACTCHUS
poma Verbascum cemeiictBa Scrophulariaceae Kak TepPCIEKTUBHOTO HCTOYHHKA
MPHUIOUIOB, KOTOPBIIl MOXKET CIIOCOOCTBOBATH PA3BUTHIO YCTOHYMBOTO MCIIOJIB30BAHHUS
JICKapCTBEHHBIX pacTeHuil. B pesymprare wuccieqoBaHUN METOJAMHU IKCTPAKLUH
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(manepanus 80% EtOH, 72 gaca, 1:8-9) n ancopOuuoHHO# KOJIOHOYHON XpomaTorpaduu
¢ copbentom RP-18 u3 pacrenus pona Verbascum marschallianum Obu10 OnpeeneHo
cojiepKaHWe KOMIUIEKCA PacTUTENbHBIX HPHUIOMI0B. KommuecTBeHHOE conep:kaHue
upugouaoB cocrasisieT 1,10-2,39%. C ucnonszoBannemM OyMaKHOH Xpomarorpapuu
U TOHKOCJIOMHOH Xpomarorpaduu ObUT MPOBENEH KaueCTBEHHBIH aHAU3 U METOAOM
BBICOKOA((PEKTUBHON JKUIKOCTHOM XpoMarorpaduu BBIIEIEHO YUCTOE BEIIECTBO
- nmarepo3una. CTpykTypa MONYYEHHOTO HMHIMBHIYaJTbHOTO BEIECTBA Oblia
WACHTU(QHULIUPOBAHA COBPEMEHHBIMU (H3UKO-XMMUYECKMMH METOAaMH Ha OCHOBE
xummnyeckux npespainennii u UK, YO, 'H - IMP u C - IMP, macc-cniekrpoMeTpuH.

KawoueBsie caoBa: Verbascum marschallianum, Scrophulariaceae, sxctpakuus,
aZicopOLMOHHasl KOJIOHOYHast xpomartorpadus, copoent RP-18, BDXX, SMP,
WPUJIOU]IBL, TATEPO3U.

Introduction. The flora of the Altai region of Kazakhstan consists of 2,188
species, belonging to 617 genus and 137 families. According to later data, the flora
of the region was replenished with 2,264 species belonging to 141 genus and 680
families (Silantyeva, 2013). The first ten families (with 1,078 species), which account
for 51.8% of the plants growing in the region, are listed: Asteraceae (240), Poaceae
(167), Cyperaceae (109), Fabaceae (103), Rosaceae (97), Ranunculaceae (87),
Brassicaceae (72), Caryophyllaceae (71), Scrophulariaceae (67), Chenopodiaceae
(65). The Scrophulariaceae family is a family of plants belonging to the class of
dicotyledons. The flowers are bisexual, simple zygomorphic, usually five-membered,
solitary or compound; calyx 4-5-toothed or lobed; corolla fused; many-seeded, fleshy
endosperm with slightly curved male anthers. According to the information provided
by the definition of flowers, this family includes at least 250 genus and about 3000
species, distributed throughout the world, especially in warm and subtropical regions of
mountainous regions (Klimek, et al., 2010, Georgiev, et al., 2011). In Kazakhstan, there
are 23 genus and 171 species (Kuzembaeva, et al., 2003).

Verbascum is a plant belonging to the Scrophulariaceae family. The plant species
are distributed in Europe and Asia, as well as in the Mediterranean region. The scientific
name barbascum comes from the word barba, which means «beardy, in connection with
the downward growth of the plant. There are 10 species of Verbascum in Kazakhstan
(Baitenov, 1999).

Verbascum marschallianum is a plant with a height of 50—125 cm, with an erect stem
and entire marginal leaves covered with pale thick hairs. It blooms in summer from July
to the end of August, and its seeds ripen in July—September. Distribution: Central Asia,
the Caucasus, the Altai regions, central and European parts of Russia, Eastern Siberia,
North America, Japan. It grows in open areas, sandy soil, mountainous rocky areas,
along rivers and roads. In addition, this plant family is also grown in special parks.

According to the results of scientific research, among the iridoid glycosides, only
compounds containing 3-glucoside have antimicrobial activity (Ishiguro, 1982:4). This
indicates that the aglycone part of the molecule is the active principle. Presumably,
the antimicrobial activity of aglycones is based on the reaction of microbial enzymes
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with aldehydes in the molecule (Tundis, et al., 2008). High antimicrobial activity is
determined by the aglycones of aucubin.

Among the iridoid glycosides, compounds that have shown antitumor activity have
also been observed. Yamauchi et al. considered protoplumericin (Bhattamisra, et al.
2020) as the main source of plumericin (El-Naggar, et al., 2004) and proved that they
have antileukemic activity. Penstemid (Iwagawa, et al., 1991) was found to have the
same activity.

In Chinese medicine, the above-ground parts of Hedyiotis diffusa Willd. Rubiaceae,
Ajuga turkestanica are used to treat some types of tumors. Japanese scientists have
patented several types of choleretic drugs based on iridoid glycosides. Valepotriates
are used as sedatives in vegetative disorders (Wang, et al., 2017). Iridoid glycosides -
a mixture of odontoside and aucubin - have a significant anti-stress effect, increasing
the body’s endurance and physical performance. Plumericin - a compound that is
antimicrobial and used in various skin diseases (Cao, et al., 2021). Stachyridin mixture
consists of a mixture of the following iridoid glycosides: harpagide, acegylharpagide,
harpagoside and ayugol, and this compound also exhibits significant choleretic activity
and is recommended for use in the treatment of liver and biliary tract diseases. Aucubin
is known to improve the excretion of uric acid from the kidneys and is also used in the
treatment of dermatomycosis, asthma, and ulcers in the digestive system (Kartini, et al.
2023).

Methods and materials. The object of the study is the above-ground part of the plant
Verbascum marschallianum belonging to the Scrophulariaceae family, collected in the
Altai region in 2023. These plants were collected from the Altai region of Kazakhstan
in the periods of June (budding), July (flowering) and August-September (fruiting).
As a result, it was found that the quantitative accumulation of BAC is significantly
higher during the fruiting period, therefore, the fruiting period was chosen for scientific
research. Raw materials are dried in dry air and stored in a paper box.

The above-ground part of the plant raw material Verbascum marschallianum (1
kg) was extracted with 80% ethyl alcohol, raw material-extractant ratio 1:8-9 at room
temperature for 72 hours by simple maceration method. The obtained aqueous extract
was concentrated under vacuum at t=40-45°C in a rotary evaporator (Eyela N-21, Tokyo,
Japan), and 203.59 g of extract was obtained. The obtained extract was treated with
hexane, dichloromethane, ethyl acetate and n-butanol, as a result of which four working
extracts were obtained: hexane - 17.40 g, dichloromethane - 3.60 g, ethyl acetate -
14.15 g, butanol - 86.21 g. The work was carried out in more depth with extracts that
had a greater weight and a dominant biological activity index. The obtained extracts
were analyzed for their composition by the HPLC method using special detectors
(UV light, Ce(SO4),). As a result, it was determined that the hexane extract contained
lipophilic substances, and for a more in-depth study, the hexane extract was tested by
gas chromatography-mass spectrometry. The research was carried out on a Perkin Elmer
Clarus 600 GC/MS unit, and 22 substances were identified with retention times ranging
from 4 min to 120 min.

The ethyl acetate extract showed high biological activity against leishmaniasis, the
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work was continued with this extract. Using the detectors (UV light, Ce(SO4),, NH,
vapor) in both the paper and thin layer chromatography, the presence of iridoids was
determined. In order to separate the biologically active substances from the extract,
silica gel sorbent column chromatography (height 82 cm, diameter 6 cm) was used. The
ethyl acetate extract under study was placed on a column and washed, starting with pure
dichloromethane of low polarity, then gradually increasing the amount of methanol,
and finally with pure methanol. As a result, 405 fractions were collected. Fractions with
identical Rf values determined in the RP were combined, and finally five fractions were
obtained: VE-1 (586 mg), VE-2 (438.9 mg), VE-3 (1.5 g), VE-4 (1.03 g), VE-5 (928 mg).

Quantitative determination of iridoids

2 g (accurately weighed) of crushed plant material is placed in a 100 ml ground
flask, 50 ml of 50% ethyl alcohol is added and stirred for 1 hour at room temperature.
Then the extract is filtered through a paper filter into a 50 ml volumetric flask, so that
no particles of raw material fall out. The volume of the solution is brought to the mark
with 50% alcohol.

10 ml of the resulting solution is passed through a glass column with a diameter of 10
mm containing 2 g of two-stage activated aluminum oxide. 5 ml of eluate is poured into
a 25 ml volumetric flask, 5 ml of 10% hydroxylamine solution is added and left for 20
minutes. After 20 minutes, add 10 ml of 1M hydrochloric acid and make up to the mark
with a 1% solution of iron (III) chloride in 0.1M hydrochloric acid and mix.

The optical density of the resulting solution is measured at a wavelength of 512 nm
and a cell with a thickness of 10 mm. A reference solution is prepared in a 25 ml flask:
add 5 ml of hydrochloric acid solution to 5 ml of distilled water, make up to the mark
with a 1% solution of iron (III) chloride in 0.1M hydrochloric acid.

The percentage of iridoids, calculated on the basis of absolute dry matter, is calculated
using the following formula:

D x50 x 100 x 100

“Exmx10x (100 — W)

where: | D — optical density of the solution under study at a wavelength of 512 nm;
E — specific dispersion index of CO iridoids at a wavelength of 512 nm;

m — mass of raw material, g;

W — moisture content of raw material, %.

Note: The solution used for the analysis must be freshly prepared. Prepare a 1%
solution of iron (III) chloride in 0.1M hydrochloric acid. Place 1 g of iron (II) chloride
in a 100 ml flask, dissolve in 30 ml of 0.1M hydrochloric acid and make up to the mark
with this solution. The solution must be used within a week. Any iridoids can be used as
an analysis sample. For example, if it is peoniflorin, E = 16.2, if it is algarpagide acetate,
E =56.

Antileishmaniasis activity analysis

Leishmaniasis is a disease caused by Leishmania (L.major, L.donovani and L.tropica)
microorganisms, which are mainly distributed in tropical regions. N-methylglucamine,
antimonate, amphotericin and pentamidine are used for the treatment of leishmaniasis.
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Leishmania parasites (promastigotes) are grown in a modified NNN-biphasic
medium using physiological saline. Leishmania parasites are grown in RPMI 1640
(Sigma, St. Louis, USA) containing 10% inactivated fetal bovine serum (FCS) (RAA
Laboratories GmbH, Austria). Two positive and negative controls are performed
in parallel. L.major microorganisms were tested as a negative control, and various
concentrations of antileishmaniasis compounds, such as pentamidine (ICN Biomedical
Inc.) and amphotericin B (MP Biomedical Inc.), were used as positive controls. The
growth was incubated at 22°C for 3 days (72 hours). The growths were observed with
a Neubauer counting chamber microscope and the anti-Leishmania activity of the IC50
fraction was determined using Software Ezfit 5.03 Perella Scientific. All analyses were
performed in duplicate (Choudhary, et al., 2005).

Results and Discussion.

The content of iridoids in the composition of plant raw materials was determined
according to the methodology of the 1st edition of the State Pharmacopoeia of the
Republic of Kazakhstan [2008:1]. According to the results of the study, it was found
that the quantitative content of iridoids depends on the phase of plant development.
The maximum content of iridoids was observed during the fruiting period of V.
marschallianum (2.39%).

Table 1 - Amount of iridoids in the plant Verbascum marschallianum

Raw material Vegetative stage (phenophase) Iridoid content, %
V. marschallianum Budding 1.10
Flowering 1.57
Fruiting 2.39

Selection of extractant. The requirements for the extractant for the separation and
extraction of active substances at maximum speed are: analytical (selective solubility),
chemical and pharmaceutical inertness, low toxicity, and availability. Polar solvents
are used for the extraction of polar substances - water, methyl alcohol, ethyl alcohol,
and organic solvents such as hexane, dichloromethane, chloroform, ethyl ether, etc. for
non-polar substances. Since ethanol is a moderately polar solvent, it is recommended
for selective use in the extraction of various biologically active substances, especially
when used as an extractant with different degrees of polarity in interaction with water.
A chemically pure (96.6%) and 80% aqueous ethanol solution, which meets the above
requirements, is both environmentally and economically effective, and has low toxicity,
was selected as the extractant.

Table 2 - Effect of time on the extraction of plants of the genus Verbascum

Solvent type t, hour
48 hour 72 hour 96 hour
96,6% C,H.OH 21,3 30,3 32,5
80%C,H,OH 20,8 29,5 31,1
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According to the results of the study, it was proven that the amount of extractive
substances is directly proportional to the extraction time. During the first day, diffusion
of easily released substances from the plant composition occurs, that is, biologically
active substances begin to be released from the fragmented cells. After a day, extraction
of substances located in difficult places occurs, which evenly increases the yield of
extractive substances, but requires a longer time (72 hours). When the extraction time is
extended to 96 hours, although the overall amount of extractive substances is higher, the
passage of ballast substances in the extract was observed. This is a factor that negatively
affects the quality of the product. The optimal condition for ensuring the passage of
extractive substances into ethanol was recommended to be the duration of extraction of
the aboveground part of the Verbascum marschallianum plant for 72 hours.

The aboveground part (1 kg) of the plant Verbascum marschallianum, belonging
to the Scrophulariaceae family, was extracted with 80% aqueous alcohol, 1:8-9 at
room temperature for 72 hours by maceration method. The obtained extract was
settled, filtered, concentrated, dried under vacuum, and a dry extract was obtained.
The obtained dry extract was treated with hexane, dichloromethane, ethyl acetate, and
n-butanol, resulting in four working extracts. RP-18 was used as the optimal sorbent in
the separation of the complex of iridoid compounds from the plant composition of the
Verbascum genus. The obtained fraction was separated by HPLC, and the pure substance
was isolated separately.

The individual substance is a light yellow powder, C,H,0,, ESI-MS, m/z: 478
[M]+, 316[M-162]+. The UV spectrum absorption is 260 nm, the IR spectra characterize
the absorption bands in the regions of 3050-3700 cm™ (broadband OH group), 2840—
2900cm™ (C-H bonds), 1700 cm™ (C=0 group), 1660 cm™ (double bond). The shift of
the H-6 proton to the upper region and the H-6 proton to the lower region of the given
compound, which is the 6-epimer of mioporoside-8-cinnamate, indicated that its C-6-
OH group is located in the B-configuration. This was confirmed by the positive NOE
between H-6 and H-5, H-7a and H-9. The sugar isolated by acid hydrolysis was found to
be D-glucose. Based on all the data, it was found to be ajugol-8-cinnamate or lateroside,
which was isolated for the first time from the plant under study (Nykmukanova, et al.,
2017).

1-O-B-D—glucopyranoside-ajugol-8-cinnamate or lateroside
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Figure 1 - 'TH NMR spectrum of lateroside
'H NMR spectrum (400 MHz, CD,0OD, 6, ppm, J/Hz): 1.82 (1H, s, H-10), 2.35 (1H, dd, J = 14.2, 4.7,
H-7b),2.68 (1H, d,J=14.2, H-7a), 3.30 (1H, d, J = 8.4, H-5), 3.59 (1H, d, ] = 8.0, H-9), 4.03 (1H, m, H-5"),
4.06 (1H, dd, J=8.6, 8.3, H-2"), 4.20 (1H, dd,J=9.4,9.1,H-4"),4.29 (1H, dd, J=9.1, 8.3, H-3"), 4.32 (1H,
dd, J=11.7,5.2, H-6’b), 4.36 (1H, m, H-6), 4.58 (1H, dd,J = 11.7, 1.8, H-6’a), 4.82 (1H, d, J = 6.2, H-4),
5.40 (1H, d, J=8.0,H-17), 6.43 (1H, dd, J=6.2,2.1, H-3), 6.52 (1H, d, ] = 16.0, H-7"), 6.58 (1H, s, H-1),
7.30 (3H, m, H-3”,47,5”),7.43 (2H, m, H-2”, 6*), 7.78 (1H, m, J = 16.0, H-8").

Figure 2 - ®C NMR spectrum of lateroside
13C NMR spectrum (100 MHz, Py-d_, 8, ppm): 94.8 (C-1), 141.2 (C-3), 103.4 (C-4), 41.7 (C-5), 76.0
(C-6), 48.9 (C-7), 89.5 (C-8), 49.8 (C-9), 23.1 (C-10), 101.0 (C-17), 75.0 (1-2"), 78.7 (1-3"), 71.9 (1-4"), 78.7
(1-5'), 63.3 (1-6"), 135.0 (C-1"), 128.6 (C-2"), 129.3 (C-3"), 130.6 (C-4"), 129.3 (C-5), 128.6 (C-6"), 120.4
(C-7"), 144.5 (C-8"), 167.1 (C-9")
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Conclusion.

1. A comparative analysis of the chemical composition was carried out from
aboveground parts of the plant Vmarschallianum, belonging to the Scroplariaceae
family, collected during the fruiting period from the Altai region of Kazakhstan.

2. An effective block diagram of the separation of biologically active substances
from the plant composition was developed. In order to optimize the technology of
obtaining biologically active substances from the plant composition, a simple classical
maceration method was used. When separating the complex of iridoids that showed
anti-leishmaniasis activity from plants of the Verbascum genus, RP-18 sorbent was used
in column chromatography, and the substances were separately isolated using high-
performance liquid chromatography.

3. The structure of the pure compound was determined by 'H and *C NMR, UV-,
IR-spectroscopy.

4.Biological screening was carried out on an individual substance isolated from a plant
belonging to the Scrophulariaceae family, which showed anti-leishmaniasis activity.
For the first time, the ethyl acetate extract of the plant Verbascum marschallianum was
found to have anti-leishmaniasis activity, and its main active compound was lateroside,
which belongs to the iridoid group.
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Abstract. The article presents data on the chemical composition and antioxidant
activity of the studied plant samples. Wild-growing berries of Hippophae rhamnoides
L. (sea buckthorn) and Crataegus sanguinea L. (hawthorn) served as raw materials
for extraction. Elemental analysis of the plant material samples was performed to
determine the content of nitrogen, sulfur, total carbon, and organic carbon. The ICP-
MS (Inductively Coupled Plasma Mass Spectrometry) method was used to determine
the concentrations of various chemical elements. Liquid extracts were obtained from
sea buckthorn and hawthorn fruits using 70% ethanol (1:10 ratio). The extracts were
examined for their total flavonoid content and antioxidant activity. The article details
the results of flavonoid quantification and antioxidant capacity analysis. Total flavonoid
content in the extracts, expressed as quercetin (%) using a spectrophotometric method:
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Hippophae rhamnoides L.—0.37+0.03, Crataegus sanguinea L..—0.41£0.05. Antioxidant
activity was evaluated by the FRAP (Ferric Reducing Antioxidant Power) method, using
ascorbic acid as the reference antioxidant. The study revealed that increasing extract
concentration from 0.01 to 0.05 mg/mL enhanced antioxidant activity. The antioxidant
potential of Crataegus sanguinea L. was higher than that of Hippophae rhamnoides L.
The findings broaden understanding of these species and support their potential use in
antioxidant cosmeceutical formulations.

Keywords: antioxidant activity, plant extract, bioactive substances, flavonoid,
FRAP method
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AnHoTanusi. Makajanaa 3epTTeNeTiH oCIMIIK YITUIEpiHIH XUMUSIIBIK KYpambl MEH
AQHTUOKCUAAHTTHIK OCJICEHAUIITT Typabl MOTIMETTEp KENTIpUIreH. DKCTPaKT aly YIIiH
OCIMJIIK IUKI3aThl peTiHjIe xabalbl oCIMAIKTEP/iH kuaekrepi Hippophae rhamnoides
L. (ubipranax) sxone Crataegus sanguinea L. (1onana) naijanansuiasl. OCiMaiKTepaeH
QJIBIHFaH IIWKI3aTThIH BJIEMEHTTIK KypaMbl 3epTTENIl, OHBIH KYPaMbIHAAFbl MaHbI3IbI
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XUMHSUTBIK AJIEMEHTTEp, arall alTKaH/a, a30T, KYKIPT, KaJllbl KOMIPTEK JKOHE OpraHU-
KaJbIK KOMIPTEK MOJIepi aHbIKTaIbl. THIYKTHUBTI OaiilaHbICKaH TUIa3MallblK Macc-
cnextpomerpus (ICP-MS) onici KONIaHBUIBI, YATIIEPAET] TYPIl XUMHUSIIBIK 3JI€MEHT-
TEPIiH MOJIIepi CaHIbIK TypAe aHBIKTaNABL. 70%-IBIK ATHII CIIUPTiH KOJIAaHa OTHIPHII,
IIBIPFaHaK IeH JoyiaHa kemictepineH 1:10 KaTeIHACKIH/IA CYHBIK OKCTPAKThIIAP aJIbIHIBL.
DKCTpaKThUIAP/IBIH HETI3Ti MmapaMeTpliepl peTiHae oiapiabH (IaBOHOUITAP KYpambl-
HBIH KaJIITbI MOJIIIePl aHBIKTAJbIN, aHTHOKCUIAHTTHIK OCJICEHMAUIITT CaHABIK TYpIe
Oaranmannel. By Makanajga SKCTpaKThUIAPAbIH (IaBOHOUATAP JKUBIHTBHIK MOIICPiH
JKOHE OJIAPJIbIH aHTHOKCHIAHTTBHIK OCJICCHILIINH aHbIKTAy HOTHIKEJICPl YCHIHBLIFaH.
OKCTpaKThUIapAarsl (IaBOHOMATAPABIH KUBIHTHIK MOJIIEPi CIIEKTPO()OTOMETPHUSITBIK
OMICTIEH 3epTTENIll, aJbIHFAaH HOTHKEJIep KBEPIIETUHTE MIaKKaHMaFbl Mailbl3abK (%)
Mmemuepae Oepingi: Hippophae rhamnoides L. - 0.37+£0.03, Crataegus sanguinea
L. - 0.4140.05. DxcrpakTTapAblH aHTHOKCHIAHTTHIK OenceHainirin 3eprrey FRAP
(Ferric Reducing Antioxidant Power) omiciMeH Kypri3uiji, aHbIKTaMaJbIK aHTHOK-
CH/IAaHT aCKOPOMH KBIIIKBIIBI OONBIN TaOBIIaIbl. 3epTTEYIep HOTHKECIHIE DKCTPAKT
koHmeHTpamusicel  0,01-men 0,05 wmr/mi-re neiiiH apTKaHAa aHTHOKCHIAHTTBIK
OENCeHMITIKTIH /e KOFapbUIAUTHIHBI aHBIKTaIAbl. Crataegus sanguinea L. xemic-
TepiHAeri aHTHOKCHIAHTTHIK Oencenniniri Hippophae rhamnoides L. xemictepine
KaparaHJla JKOFapbl €KCHI aHBIKTAJIIbl. ByJl 3epTTeynep 3epTTenim OThIpFaH OCIMJIIK
TYpJIepl Typaibl JepeKTeplli KeHEHTEl KoHE ONap/blH HEri3iHle aHTHOKCHIAHTTBIK
Oencenniiri 6ap KOCMENEBTHKAIBIK TpenapaTTapAbl 93ipiaeyre MyMKIHIIK Oepei.

TyiiiH ce3aep: aHTHOKCHIAHTTHI OCIICECHIUTIK, ©CIMITIK YKCTPAKTHICHI, OMOTOT USITHIK
Oencenni 3arrap, prmaBonoua, FRAP omici
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Annotanus. CTarbsi COIEPKHUT CBEACHUS O XUMUIESCKOM COCTaBE U aHTHOKCHIAHT-
HOW aKTUBHOCTH WCCIIEYEMBIX PAaCTHTEIhHBIX 00pa3IoB. B kauecTBe pacTUTEIHLHOTO
CBIPbSI JUTS TIONyYSHHsI SKCTPAKTOB HCIOJIB30BAIU SITOJBI JTUKOPACTYIIUX PACTCHHN
Hippophae rhamnoides L. (obnenuxa) u Crataegus sanguinea L. (OOSPBILIHHK).
DJeMeHTHBI aHau3 00Pa3IoB PACTUTENHHOTO CHIPHS MIPOBOIMIICS ISl OTPEAeTICHIS
COZIep’KaHMs TaKUX JJIEMEHTOB, KakK a30T, cepa, OOLIMi YIIepoA U OpraHu4ecKui
yriepoa. MeToom Macc-CleKTpOMETPHH C MHIYKTHBHO CBs3aHHOM tuta3moit (ICP-MS)
OTIPEJICNICHO COJIEPKAHUE PA3IMIHBIX XUMHUYCCKUX J1eMeHTOB. M3 1107108 00nenuxu
1 OOSIPBILIHUKA C MCMOJb30BaHUEM 70%-HOTO 3TUIIOBOTO CIIUPTA MOIYUYEHBI KUAKHE
AKCTPaKTHI B COOTHOIICHHH 1:10. DKCTpaKTHI 0XapakTepHU30BaHbI TAKIMH ITApaMeTpaMH,
Kak CyMMapHOE cojepkaHue (IaBOHOHMIOB, MpPUBEACHA KOIUYECTBEHHAS OLCHKA
AHTHOKCH/IAaHTHOW aKTHBHOCTH. B cTaThe OmMMCaHBl pPE3ydbTaThl KOJIWYECTBEHHOTO
OIIpe/IeNICHUsT CyMMbI ()JIABOHOMJIOB U OMNpE/eNiCHHsS aHTHOKCHIAHTHOW aKTHBHOCTH
akcTpakToB. CopepkaHue CyMMBI (DIAaBOHOWJIOB B OKCTPaKTax B IepecdeTe Ha
kBepueTnH (%) crnekrpodoTomeTpudeckumM meronoM: Hippophae rhamnoides L. -
0.37£0.03, Crataegus sanguinea L. - 0.41£0.05. HccnenoBanus aHTHOKCHIAHTHOM
AKTUBHOCTH JKCTpakToB TpoBomman metogoM FRAP (Ferric Reducing Antioxidant
Power), 3TaJOHHBIM aHTHOKCHJAHTOM CIYXKHT acKOpOWHOBasi Kuciora. B pesynsrare
WCCIIeZIOBaHUH OBLIO YCTAHOBIIEHO, YTO TPH YBEIMYCHUU KOHIIEHTPAIIUU IKCTPAKTa OT
0,01 mo 0,05 mMr/mMa aHTHOKCHUIAHTHAS AKTHBHOCTH ITOBBIIIAETCS. AHTHOKCUIAHTHAS
AKTUBHOCTB Y IJ1010B Crataegus sanguinea L. okazanachk BbIlie, 4eM y o108 Hippophae
rhamnoides L. DTN UCCIEMOBAHUS PACIIUPSIOT JaHHBIC 00 N3yYaeMbIX BUIAX U MOTYT
OBITH MPUMEHUMBI, B TOM YHCJe A pa3paboTKU Ha MX OCHOBE KOCMEIEBTHUYECKHX
CPEICTB C aHTHOKCHJIAHTHOW aKTUBHOCTBIO.

KioueBble ci10Ba: aHTHOKCHIAHTHAasT AaKTUBHOCTb, PACTHTENBHBIA DKCTPAKT,
OHMOJIOTHYEeCKY aKTHBHBIE BellecTBa, (prnaBonou 1, metoq FRAP.

Introduction. Currently, antioxidant activity (AOA) is one of the main and
most significant characteristics of substances, and its study receives considerable
attention in works dedicated to biologically active compounds. The primary function
of antioxidants is to neutralize free radicals formed in the cells of living organisms
during various processes. These radicals can damage important molecular targets if
the natural mechanisms for their neutralization are insufficiently effective. To prevent
such processes, natural antioxidants found in vegetables, fruits, berries, vegetable oils,
extracts, and other natural products can be used. Antioxidants are also widely used in
cosmetics to combat skin damage associated with the effects of free radicals, which helps
slow down the aging process and maintain a healthy skin condition. However, for the
safe and effective use of antioxidants in cosmetics and nutrition, it is crucial to precisely
determine their content and evaluate their antioxidant activity (Pang, et all., 2018).

The overall antioxidant effect of biologically active compounds (BACs) contained
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in plant extracts is determined by the presence of various natural compounds and their
interactions. These compounds work together, creating effective systems of redox
reactions and synergistic cycles that enhance their overall antioxidant effect (Stagos,
2020). Flavonoids have been identified as one of the key components exhibiting
antioxidant activity (Chrzaszcz, et all., 2021). They are capable of inhibiting free
radical oxidation processes, thereby preventing damage to cells and tissues caused by
free radicals. Thus, flavonoids play a crucial role in protecting the body from oxidative
stress, making them an important component of plant extracts and other natural remedies
(Li, et all., 2014).

The purpose of this study is to assess the quantitative content of flavonoids and the
antioxidant activity of plant extracts.

Materials and methods

Objects of the study

The objects of the study are the fruits of Hippophae rhamnoides L. (sea buckthorn)
and Crataegus sanguinea L. (hawthorn) growing in the Abai region (Figure 1).

The fruits of sea buckthorn contain a wide range of components, including minerals
(micro- and macroelements), sugars (glucose, fructose, and xylose), organic acids (malic
and succinic acids), as well as amino acids. The fruits are rich in vitamins (provitamin
A, vitamins B, C, K, and E), carotenoids (beta-carotene, lycopene, lutein, zeaxanthin),
and flavonoids (isorhamnetin, quercetin, kaempferol, and others) (Munteanu, et all.,
2020) and contain essential fatty acids. Unlike other plants, sea buckthorn accumulates
lipids in all morphological parts of the fruit, including the mesocarp, pericarp, and seeds
(Zielinska, Nowak, 2017).

According to the literature, the fruits of hawthorn are rich in biologically active
compounds, such as triterpene acids (oleanolic, ursolic, and crataegic acids), choline
and acetylcholine, quercetin, tannins, phytosterols, tartaric and citric acids, (Kumar,
et all., 2012) as well as vitamins A, C, and P. The total acid content is relatively low,
ranging from 0.26% to 0.93%, with higher concentrations observed in juicier fruits. The
fruits also contain pectin, which not only facilitates gel formation during processing
but also aids in the removal of heavy metal salts and other harmful substances from the
body (Jurikova, et all., 2012).

Sample 2

Figure 1. Sample 1 - fruits of Hippophae rhamnoides L., Sample 2 - fruits of Crataegus sanguinea L.
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Collection and preparation of Raw Materials for Analysis

The sea buckthorn fruits were collected in the Karagaily district of the Abai region
in September 2024. The hawthorn fruits were collected in the Aksuat district of the Abai
region in late August 2024. Appropriate species identification keys were employed to
identify the wild species C. sanguinea L. and H. rhamnoides L. Frozen fruits were dried
using a lyophilizer (SCIENTZ-12N Freeze Dryer, China) for 48 hours, and the dried
fruits were ground to a particle size of 1 mm.

Elemental analysis

Elemental analysis of the dried raw material for nitrogen, sulfur, total carbon, and
organic carbon content was performed using a VarioMax elemental analyzer (Elementar
Analysensysteme GmbH, Germany).

Inductively coupled plasma mass spectrometry

Extractable content of elements in samples were determined by inductively coupled
plasma mass spectrometry with Integrated Collision Reaction Cell HPLC-ICP(iCRC)
MS Plasma Quant MS Q (Analityk Jena, Germany). Samples were firstly lyophilized
for 24h and then ground manually to homogenize. The samples (0.250 = 0.01 g) were
extracted in 5 ml of nitric acid in closed PTFE containers in the Mars 6 Microwave
Digestive System (CEM, USA). The program included 20 min of heating to 180°C,
20 min of holding the temperature and 30 min of cooling. Afterwards, samples were
filtered through previously washed filter papers (with 200 ml of deionized water) to the
polypropylene Falcon tubes and filled up to 15 ml with water.

Extraction process

The extraction of 20 g of ground plant fruit material was performed using a Soxhlet
apparatus with 70% ethanol as the solvent at a ratio of 1:10. The process was conducted
at a temperature of 80°C for 6 hours. The obtained extracts were concentrated using
a rotary evaporator (IKA RV 10, China) to remove the solvent. The resulting extracts
appeared as clear or slightly turbid, intensely colored liquids with a characteristic
fragrant aroma. The liquid extracts were subsequently filtered and subjected to analysis.

The quantitative determination of flavonoids in the extracts was carried out and
expressed in terms of quercetin equivalents.

A 2 mL aliquot of the extract was transferred into a 25 ml volumetric flask, followed
by the addition of 2 mL of a 1% aluminum chloride solution in 90% ethanol. The
volume was then adjusted to the mark with the same ethanol. After 30 minutes, the
optical density of the resulting solution was measured using a spectrophotometer at
a wavelength of 426 nm in a cuvette with a 10 mm path length. Simultaneously, the
optical density of a quercetin standard solution was measured. For this purpose, 2 ml
of a 0.02% standard solution was placed into a 25 ml volumetric flask, followed by the
addition of 2 ml of a 1% aluminum chloride solution, and the volume was adjusted to
the mark with 90% ethanol. The flavonoid content, expressed as a percentage (%) in
terms of quercetin, was calculated using a specific formula:

_ D-m,-50-50-1:100-100
D, -m-1-25-25-(100 - )
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D — optical density of the test solution;

Do — optical density of the standard solution;

m — mass of the raw material (g);

m_— mass of the standard sample (g);

W — moisture loss percentage during drying

The antioxidant activity of the extracts was determined using a spectrophotometer
(SPECORD-210 Plus, Analytik Jena, Germany) according to the FRAP method (Ferric
Reducing Antioxidant Power) (Madhuranga, et all., 2023).

The extracts were diluted with ethanol to various concentrations ranging from 0.01
to 0.05 mg/mL. As a standard for comparison, ascorbic acid solutions with identical
concentrations (0.01, 0.02, 0.03, 0.04, and 0.05 mg/ml) were used. Ascorbic acid serves
as a reference antioxidant, providing a basis for evaluating the antioxidant activity of
the tested samples. To the samples and reference standards, 2.5 ml of phosphate buffer
(pH 6.6) and 2.5 ml of a 1% solution of K,[Fe(CN)], were added. The mixture was
vortexed for 5 minutes using a vortex shaker and then incubated at 50°C for 20 minutes.
Following incubation, 2.5 ml of 10% trichloroacetic acid was added to the mixture,
which was then centrifuged at 3000 rpm for 10 minutes. The supernatant obtained after
centrifugation (2.5 ml) was collected, followed by the addition of 2.5 ml of deionized
water and thorough mixing. Subsequently, 0.5 ml of a 0.1% ferric chloride solution was
added to the mixture to produce a colored solution. The absorbance of the reference
standard solutions and samples was measured using a UV-visible spectrophotometer at
a wavelength of 711 nm.

The reducing power of the extract was evaluated based on the reaction:

K,[Fe(CN)],+e — K [Fe(CN)],
Fe’*+e — Fe?*

The FRAP value was expressed as milligrams of ascorbic acid equivalents per
milliliter of extract (AAE).

Results and Discussion. According to the results of elemental analysis, the
studied samples contained the highest levels of total carbon (48.38; 45.28) and organic
carbon (48.22; 44.57), while sulfur content was the lowest (0.23; 0.07). The element
concentrations were higher in Hippophae rhamnoides L. (Table 1).

Table 1. Elemental Analysis Results of Plant Samples: Sample 1 (Hippophae rhamnoides L.) and
Sample 2 (Crataegus sanguinea L.)

Sample Element Content, wt.%
Nitrogen Sulfur Carbon (Total) Carbon (Organic)
Sample 1 2,07 £0,04 0,23 +0,02 48,38 0,07 48,22 +4,20
Sample 2 0,51 +0,02 0,07 £ 0,03 45,28 +£0,32 44,57 + 0,64
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Table 2. Results of Plant Analysis by ICPM Spectrometry: Sample 1 (Hippophae rhamnoides L.) and
Sample 2 (Crataegus sanguinea L.)
Element Al Mn |Co Ni Cu |Zn |Cd La Ce Na Mg
Sample 1, mg/kg 23,1 |7,05 [0,0178 0,990 |4,24 | 17,4 [0,0099 |<DL |<DL |571 |528
Sample 2, mg/kg (42,9 [5,59 0,102 |0,432 |2,45 [9,00 |0,0310 |0,0171 (0,032 |5,46 |776
Element P K Ca Fe B Ba |Pb Cr As Se
Sample 1, mg/kg | 1270 | 8670 | 915 31,1 |11,6 | 1,21 {0,663 |0,138 |0,0065 |0,051
Sample 2, mg/kg | 1530 [9306 | 2472 |41,6 |14,1 |5,24 |0,388 |0,167 |0,0326 |0,063

*DL-Detection Limit

The data on the flavonoid content expressed as quercetin equivalents in the obtained
extracts are provided in Table 3.

Table 3. Total Flavonoid Content in Samples (as %, in Quercetin Equivalents): Sample 1 (Hippophae
rhamnoides L.) and Sample 2 (Crataegus sanguinea L.)

Sample Total flavonoid content expressed as quercetin equivalents, %.
Sample 1 0.37+0.03
Sample 2 0.41+0.05

The FRAP method has significant advantages over other methods for determining
antioxidant activity, including its rapid analysis speed, low cost per sample, simplicity
of the required equipment, and high reproducibility of results. Evaluates antioxidants
capable of reducing iron (Fe** to Fe*"). (Munteanu, et all., 2021; Madhuranga, et
all, 2023). Ascorbic acid was used as the standard solution, as it acts as a secondary
antioxidant, scavenging free radicals and preventing the propagation of chain reactions.

During the experiment, changes in the intensity or hue of the solution’s color were
observed, which were correlated with the amount (concentration) of antioxidants present
in the samples (Figure 2).

Figure 3. Color changes in the solution as a function of sample concentrations: Sample 1 (Hippophae
rhamnoides),
Sample 2 (Crataegus sanguinea)
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The regression curve was plotted based on the following parameters: y-represents the
optical density, while x-denotes the concentration (mg/ml) (Figure 4). The calibration
curve for the standard concentrations is described by the equation: y=1.692071x+0.0803.
The R? (coefficient of determination) value is approximately 0.9998, demonstrating an
exceptionally high degree of linearity and accuracy within the specified concentration
range.

% Data points x

—=- Fitline: y = 1.6920x + 0.0803 -
0.16 -

015+ =
0.141 P
0.13} A

0.12¢ -~

0.10 -

0.01 0.0z 0.03 0.04 0.05
Concentration {mg/mL)

Figure 4. Calibration curve of the ascorbic acid

The calculation of antioxidant activity was based on the optical density (absorbance)
values of the analyzed samples (Table 4). The measured absorbance values were applied
to the equation derived from the calibration curve. This enabled the quantification
of antioxidant activity (Figure 5) by relating the sample’s absorbance to the known
antioxidant concentration, fulfilling the objective of the analysis.

. Sample Ne1
= Sample N:2

Antioxidant Activity (mg/mL)

0.01 0.02 0.03 0.04 0.05
Concentration (mg/mL)

Figure 5. Comparative Antioxidant Activity: Sample 1 (Hippophae rhamnoides L.) and Sample 2
(Crataegus sanguinea L.)
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Table 4. Results of Antioxidant Activity Determination of Extracts: Sample 1 (Hippophae rhamnoides
L.) and Sample 2 (Crataegus sanguinea L.)

Concentration (mg/ Absorbance (711 nm) Antioxidant activity (mg AAE/ml extract)
ml) Sample 1 Sample 2 Sample 1 Sample 2
0.01 0.8623 0.9864 0.4622 0.5355
0.02 0.8651 0.9901 0.4639 0.5377
0.03 0.8686 0.9963 0.4659 0.5414
0.04 0.8733 1.0023 0.4687 0.5449
0.05 0.8776 1.0067 0.4712 0.5475

As shown in Table 4, an increase in extract concentration from 0.01 to 0.05 mg/
mL results in higher antioxidant activity. The fruits of Crataegus sanguinea L. exhibit
greater antioxidant activity compared to the fruits of Hippophae rhamnoides L.

Conclusion.

The analyzed plant fruit samples revealed the presence of various essential macro-
and microelements, as well as flavonoids with antioxidant activity. The flavonoid
content, and consequently the antioxidant activity, was slightly higher in the fruits of
Crataegus sanguinea L. compared to those of Hippophae rhamnoides L.

Extracts from medicinal plants represent an accessible and cost-effective source
of biologically active compounds (Donkor, et all., 2023). Flavonoids exhibit anti-
inflammatory effects and support lipid and carbohydrate metabolism. Currently,
flavonoids are considered a crucial component of various cosmetic, pharmaceutical,
and medicinal products. Quercetin has been shown to possess antioxidant, antifungal,
anticancer, hepatoprotective, and cytotoxic activities (Batiha, et all., 2020).

Plant-based antioxidants reduce oxidative stress and prevent DNA damage (Shubayr,
2023).

The results obtained indicate that the extracts of Hippophae rhamnoides L. and
Crataegus sanguinea L. fruits have potential applications in the development of
therapeutic, preventive, and cosmetic products (Silva, et all., 2023).
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Abstract. This article investigates the precipitation process of humic acids using
different acids, including hydrochloric, sulfuric, ascorbic, citric, and formic acids. Humic
acids are complex organic compounds widely found in soils, peat, coal, and natural
waters. They play a crucial role in biogeochemical processes, possess high sorption
capacity, and are applied in ecology, agriculture, medicine, and industry. However, their
interaction mechanisms with acids and precipitation behavior remain insufficiently
studied. In this study, Fourier Transform Infrared (FTIR) spectroscopy was employed to
analyze the structural changes in humic acids during precipitation. The results indicate
that each acid uniquely affects the functional groups of humic acids, including hydroxyl
(-OH), carbonyl (C=0), carboxyl (-COOH), and aromatic structures. Hydrochloric acid
has a minimal impact on the structure, ensuring mild precipitation, whereas sulfuric
acid promotes sulfate bond formation and partial oxidation of aromatic structures.
Ascorbic and citric acids preserve the natural properties of humic acids with only
slight modifications, while formic acid induces strong molecular aggregation and the
formation of dense precipitates. This study provides deeper insights into the interactions
between humic acids and various acids, assessing their effects on the chemical properties
of humic substances. The findings can contribute to optimizing humic acid extraction
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techniques and enhancing their applications in environmental science, water treatment,
agriculture, biotechnology, and pharmaceuticals.
Keywords: humic acids, precipitation, IR spectroscopy, functional groups, acids.
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AnHoTtanusi. byn Makamaga TyMHH KbBIIKBULAApPBIH TYHIBIPY TMPOLECi opTypri
KBILKbIIAAD (TY3, KYKIPT, ackopOWH, JMMOH J>KOHE KYMBIPCKA KbIIIKBLIAAPHI)
KOJIZIaHy apKbUIbl 3epTTeii. [ YMUH KBIIIKBUIIAPHl TOMBIPAKTA, MIBIMTE3/1e, KOMipae
KOHE TaOWFH CylapAa KeH TapaliFaH Kyplelli OpraHuKalblK KOCBUIBICTAp OOJMbII
Tabbutaapl. Onap OMOTreOXUMHUSIIBIK MPOLECTEPAE MaHBI3Abl POl aTKapaabl, )KOFaphl
COpOLMSITBIK KaOileTKe Me KOHE KOJOTHUSAA, aybll IapyallblIbIFbIHIA, METUIIMHAAA
KOHE OHEPKACINTe KOJJAHBUIAABI. AJaiija, OJapAblH KBIIIKBUITAPMEH OPEKETTECy
MeXaHM3MJepi MEH TYHIBIPY EpeKUIeTIKTepi omi A€ TONBIK 3epTTeIMercH. by
3epTTeyae T'YMHH KbIIIKbUIIAPBIHBIH KYPBUIBIMBIHAAFB! ©3repictep MK-crekrpockonus
oxici apkpUibl Tajnanabl. CiITiNIK opTaja T'yMHH KhIIIKBUIIAPHl AUCCOLMAMSIaHFaH
Kyizae 6omansl, myHna kapookcui (-COOH) xone denon (-OH) tonrapsl noHmanFaH,
OyJ1 onapbIH JKOFaphl ePIrillTIiriH XKoHE KOJUIOUATHIK JKyHe TYpiHAeri TYpaKThUIbIFbIH
KaMTaMachl3 eTeli. AJIBIHFaH HOTHKENep opOip KbIIKBUIABIH I'YMUH KbIIIKBIIIAPbIHBIH
(YHKIMOHANABIK TONTapblHA (THAPOKCHI, KapOOHWIJ, KapOOKCHJ YKOHE apOMarThl
KYpPBUTBIMAAP) EpEeKILIe dcep eTeTiHIH KopceTTi. Ty3 KbIIIKIIbI KYPHUIBIMFAa MUHUMAJIJIbI
ocep eTil, )KYMCaK TYHABIPYIbl KaMTaMachl3 €TCe, KYKIPT KbBIIKBUIBI CYIb(aTTHIK
OalimaHpICTapABIH TY3UIyiHE JKOHE apoMaTThl KYPbUIBIMAAPIBIH illiHApa TOTHIFYbIHA
oKeneni. ACKOPOMH >KoHE JHMMOH KBILIKBUIAAPHl TYMUH KBIIIKBUIJAPBIHBIH TaOWUFu
KAacHUeTTepiH caKTail OTHIPBIN, TEK a3garaH MOTU(HUKALUS KacalWdbl, al KYMBIPCKa
KBIILIKBIUIBl MOJIEKYJANapAblH KYIITI arperarTaHyblHa >KOHE TBIFBI3 TYHOalapAbIH
TY3UIyiHEe BIKHal eTeli. 3epTTey T'YMHH KbIIIKbUIIAPBIHBIH SPTYPIi KhIIIKbUIIAPMEH
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OPEKeTTECYiH TePEeHIPEK TYCIHYTe, OJIap/IbIH XUMUSIIBIK KACHETTEPIHE 9CcepiH Oaranayra
KOHE TYMHHJI 3aTTapAbl ally MEH KOJJaHy OICTEepiH OHTaWIaHABIpyFa MYMKIHIIK
Oepeni. ANbIHFaH MOJIIMETTEP TYMHH KBIIIKBIIAAPBIH SKOJIOTHS, aybUT LIAPYallIblIbIFbL,
Cy Ta3zapTy, OMOTEXHOJIOTHS *)oHE (apMaleBTHKa cajajapblHAa THIMAI HaiganaHy
CTpaTerusyIapblH JKacayfa Heri3 Oona anajibl.

Tyiiin ce3mep: ryMHH KbIIIKbUIIAPBL, TYHIBIPY, WK-crnekrpockonus, (QpyHKIHO-
HAJJBIK TONTAP, KBIIIKBLIAAD.
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ObIPBLIOYL.
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AnHoTanus. B 1anHo# ctarbe paccMaTpuBatOTCs MIPOLECCHI 0CAKACHUS T'YMHUHOBBIX
KHCJIOT CUCTIONB30BaHNEM Pa3JIMYHBIX KUCIIOTHBIX PEareHToB, TAKMX KaK COJISIHAs, CEpHasl,
aCKOpOMHOBAs, TUMOHHAs M MypaBbUHAsl KUCIOTHI. | 'YMHHOBBIE KHCIOTHI SBISIFOTCS
CJIOKHBIMH OPTaHMYECKHUMHU COCTUHEHUSIMH, IIMPOKO PACpOCTPaHEHHBIMH B MOYBAX,
Topde, yrie u NpupoAHBIX Bojax. OHHM UTParOT BAXKHYIO POJb B OMOT€OXMMUYECKHX
nporeccax, 00JaaloT BEICOKOH COpPOLIMOHHON aKTHBHOCTHIO M HAXOAAT NMPUMEHEHHE
B DKOJIOTUH, CEIBCKOM XO3SIMCTBE, MEAULIUHE U MTPOMBILUIEHHOCTH. OZHAKO MPOLECCHI
UX OCAXIEHHS U B3aUMOACHCTBHE C PA3TMYHBIMH KHUCIOTaMH TPEOYIOT JaibHEHIero
nzyuenus. B nanHoi padore metonom MK-criekrpockonuu npoBeeH aHaIu3 U3MEHEHUH
CTPYKTYPBl TYMHUHOBBIX KHCJIOT B TpoOLEcCe OCaKAeHUs. Pe3ynprarsl mccienoBaHus
MOKA3bIBAIOT, YTO KaKAas W3 NPUMEHEHHBIX KHCIIOT OKa3blBaeT crenuduieckoe
BJIMsAHUE HAa (PyHKIHMOHAIBHBIC IPYIIBl TYMHHOBBIX KHCJIOT, BKJIIOYAsl THAPOKCHUIbHBIE
(-OH), kap6onuneHbie (C=0), kapookcuibubie (-COOH) u apomaTHyecKue CTpyKTypHI.
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ConsiHasg KHCJIOTa BBI3BIBACT MUHHMAJbHBIE H3MEHEHHUS, CIIOCOOCTBYSI MSITKOMY
ocaxaeHuro. CepHasi KUCIIOTa, HAIPOTUB, HHAYIMPYET 3HAYUTEIbHBIE MOAN(DUKAIINN
3a cueT 00pa3oBaHUs CyIb(aTHBIX CBSI3CH M YaCTUUYHOIO OKHUCICHUSI apOMaTHYeCKUX
CTPYKTYpP. ACKOpOMHOBAs M TMMOHHAsI KUCJIOTHI PAKTHYECKU HE U3MEHSIOT IPUPOAHBIE
CBOWCTBa T'YMHUHOBBIX KHCIJIOT, JIUIIb HE3HAYUTEIHHO MOAUGHUIMPYS UX CTPYKTYDY.
B To xe Bpems MypaBbHHAs KHCIOTa MPUBOAWT K CHUJIBHOM arperamuyd MOJEKYJa H
00pa30BaHUIO IJIOTHBIX OcaakoB. llpoBeneHHOE WccieqOBaHHE IO3BOJSET JIydlle
MOHSATh MEXaHU3MBbI B3aUMOJICHCTBHUS TYMHHOBBIX KUCIIOT C KUCIIOTHBIMHU OCaIUTEISIMH
U OLEHHUTh WX BIHMSIHAE HAa XUMHYECKHE M COpPOLIMOHHBIC CBOMCTBA MOJTYYEHHBIX
ocaqkoB. [loxydeHHble pe3yabTaTbl MOTYT OBITH TIOJIE3HBI AJIsl ONTUMH3ALUN METOJOB
BbIJICJICHHSI TYMUHOBBIX BEILECTB, pa3paOOTKH TEXHOIOTUH OUYMCTKU BOJBL, YIyUIICHHS
CBOMCTB MOYB B CEJIHCKOM XO35HCTBE, a TAKXKE JJIsl IPUMEHEHHUSI TYMHUHOBBIX BEILIECTB B
OMOTEXHOJOTHAX U (hapMalLleBTHKE.

KiroueBble cioBa: TyMHHOBBIE KHCIOTBI, ocaxkaenue, MK-cnekrpockomnus,
(YHKIMOHAJIBHBIE TPYTIIbI, KUCIIOTHI.

Kipicme. ['yMHH KBIIIKBUIAPBIH JKOHE OJIAPJBIH TYHYBIH 3€PTTEYIiH ©3CKTUIIri
oJIapJIbIH AKOXKYHENIepIeri MaHbI3/Ibl POJIIMEH KOHE aybUI MIAPYaIIbLUIBIFbL, Cy Ta3apTy,
MEJMIIMHA YOHE DKOJOTHS CHSIKTHI TYpJi cajlaiapia KEeHIHEH KOJIJaHbUTYbIMCH
Herizaeneni. 'YMUH KbIIIKBUIIAPEI TOMBIPAK TICH CYIBIH OPTaHUKAJBIK 3aTTapPbIHBIH
MaHBI3JIBIKYpaMIac 061 O0IBIN Ta0bLIAIbL, OJIapABIH (PU3HKa-X UMUSUTBIK KACHETTEPIHE,
COHBIH IIIIH/AC BUIFANIJBl CaKTayblHA, KOPEKTIK 3aTTapiblH KOJDKETIMIUIIrIHE MKOHE
TOIBIPAK KYPBUIBIMBIHBIH KallbiiTacybiHa ocep eredi (Reddy, et al., 2018; Li, et al.,
2024). OpTypii KBIIIKBLUIIAP/IbI Al aiaHa OTHIPHIIN, T'YMUH KbIIIKbUIAPBIHBIH TYHYBI
OJIap/IbIH EPIrilITIri MeH COPOIMSUIBIK OCIICEHILIITIH peTTeyre MYMKIH/IK Oepeli, Oy
CyIlbl Ta3apTy JKOHE JIaCTaHFaH JKOXKYHeNep/i KallblHA KENTIpy TEXHOJIOTHsUIAPBIH
o3ipney ywin epekuie MaHpabl (Yang, 2024). Anaiina, TyMHH KbIIIKbUIJAPBIHBIH
KBIIIKBUIIADMEH MOJICKYJIIIBIK JICHTCHIe e3apa opeKeTTecy MeXaHW3MJepi o Jie
KETKITIKTI 3epTTeNMereH, Oyl Ochbl MpoHecTepli OHTAWIaHABIPY MYMKIHIIKTEPiH
mekTei . MK-CrnekTpoCKOUsChIH JKOFaphl Ce3IMTa/IbIKKAa He Talay 9JIiCi peTiHIIe
KOJJIaHy TYMHH KbIIIKbUIIAPBIHBIH KYPBUIBIMBIHIAFBI ©3TepicTepli TYHY Ke3iHJe
erKe-Ter kel 3epTTeyre, peakiusFa KaTbICaThlH HETi3r1 (DyHKIIMOHAIIBIK TOTITAP/IbI
AHBIKTAYFa JKOHE OJIAPJIbIH XUMHSITBIK MiHE3-KYJIKbIH TYCIHYTE YJIeC KOCYFa MYMKIH/IIK
Oepeni (Silverstein, et al., 2014; Cheng et al., 2019). by 3eprrey ipreini FbUIBIM JKoHE
9KOJIOTHSI MEH MaTepUalTaHy CalachlHAAFbl KOJIIaHOAIbl MIHIETTEp YIIIH YJIKESH
MaHbI3Fa He.

Ipreni MaHBI3ABUIBIFBIHAH O6JICK, TYMHUH KBIIIKBUIAPBIH 3€PTTEYIiH KOJIaHOAIbI
MaHbI3BI Jla 0ap, OMTKEHI OJNIapIblH TYHYBI KBIIIKBULIAPbI KOJJAaHY apKbUIbI aybIp
METalJlap MEH OPTaHUKAJBIK JIACTAFBIIITAPIbI Cy HKOKYHEIEPIHEH 3KOJOTHUSIIBIK
KayiIci3 Typ/e ®OFa apHaIFaH TeXHOJIOTHsUIAPIbI )Kacay YIIH Mai1alaHbLTy bl MyMKIH
(Machado, et al., 2020). ConbiMeH KaTap, T'yMUH KBIIKbUIAAPHI aHTHOKCHIIAHTTBIK,
OakTepusiFa Kapchl KOHE XeJaT TY3YIIl KacueTTepre ue 00Jia OTBIPHIN, MEIUIIUHA MEH
(dapmaneBTHKaga KOJNAHBUIYAAa, MYHJA OJNIapAblH EpirilTiriH XoHe OeJICeHAUTITiH
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perrey Oacthl pen arkapazabl (Khaled, et al., 2021). JlerenmeH, Ka3ipri yakhITTa
OPTYPIIi KBIIKBUIAAPABIH TYMHH KBIIIKBIIIAPBIHBIH KYPBUIBIMBIHA 9CEp €TYi, acipece
LIBIHAKBI YKOJIOTHSIIBIK OpTaFa eNKTEUTIH JKaFqaiaapia, alblKk Macesie OOJbI OTHIP.
UK-crieKTpoCKONMSICHIH Tallfdy oMici peTiHAe KOJIaHy TYMHH KbIIIKbIIIAPbIHBIH
XMMUSUTBIK  KYpaMbIHIAFbl ©3TepiCTepAi FaHa 3epTTel KolMail, COHBIMEH Karap
OJIapIbIH KBILIKBUIAAPMEH 03apa OpeKeTTeCYiHIH TaOUFaThIH TEPEHIPeK TYCIHYTe bIKIa
ereni (Proskurnin, et al., 2023; Maffia, et al., 2025). Ocspnaiimia, O6yn 3epTTey TYMHH
KBIILIKBUIAAPEl Typajibl OUTIMAI KEeHEHUTyre >KoHe oyiapAbl FBUIBIM MEH TXIpHOeHIH
OpTYPIIi cajanapblHia NaiJanaHyIblH THIMAI CTpaTerusIapblH jKacayFa yJiec Kocabl.
Marepuanagap men daicrep. byn 3eprreyne rymarrap Kaparanabl oOnbICHIHIAFBI
Maiikeben kemip Oacceininig [llenTiken keH OpHBIHAH albIHFaH KOMIp OHIIpICiHIH
KaJbIKTapblHaH anblHAbl. bacrankel mumkizar MIJI-1 3epTxaHanblk OuipMeHiHAE
QJJIBIH aJIa YCaKTAaJIBII )KOHE MalJaJIaHbII, KAKETTI TUCTIEPCTIK JICHIeHUre KeTKi3UIIi.
['ymartapasl SKCTpakiusiay 3epTXaHalbIK JKarnaiia sKOpIbl apaacThIPFBIILIICH
aOJBIKTAIFaH PeaKTop/a CTaHIaPTThI 9llicTeMe OOMbIHIIA KYpri3inmi. JlaibiHnanran
YATiHiH THicTi Maccackl 250 cm® KeneMmiHzAeri KOHYCTBIK KoiOara CajbIHBIN, OFaH
100 cm® cintinik epitinAl Kochuiael. KocmaHbl peareHTTepAiH THIMAI opeKeTTecyi
YIIiH MeXaHHUKaJbIK IIaiKaFbIIIneH Oip caraT OOMbI MYKHUST apanacTbIpAbl. AJbIHFaH
cycnensusiabl 210 ¢! xpuigamasikTa 15 MUHYT OOlibl LEHTpH]yranaraHHaH KeHiH,
ycriHri epitinai adainan 1000 cm® keseMingeri konbara nqexkanTTamisl (1-cyper).

=
| 11.78

e

Cypem 1. I'yMHH KbIIIKBUIBIH aJTyIbIH 3€PTXaHAJbIK KOHABIPFHICHI

Epimerern kanmeikTel eki per 100 cM® THOpOKCHI epiTiHAICIMEH >XKyFaH. Opoip
KyylnaH KeHiH Marepualfipl KaWTalaH JoN CoJ Iaprrapjia [eHTpudyraiam, Xyy
epITIHAUTIepIH HETI3T1 DKCTPAKTIEeH Oip BIObIcKa OipikTipai. ComaH KeWiH KaJIbIKThI
OacTankel KOHYCTHIK Kosibara Kaiita cambimi, 100 cM® THAPOKCHI €pITiHIICIH KOCHITI,
TYMHUH 3aTTapblH OKCTPaKIMsIayIbl KYIIEHTY YINIH KOCHAaHbl KaWHAl TYpFaH Cy
MOHIIIACKIHA KbI3ABIpABL. Kocna Oenme TemrieparypachliHa JISHiH CajKblHJIaFaHHAH
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KeHiH, OHBl KalTazaH 15 MUHYT OOWBI LeHTpudyranam, alblHFaH epiTiHai alaiinan
JCKaHTTAIBIN, OYPBIHFBI JKCTPAKTTapFa KOCBUIABL. KalJbIKThl KalTagaH €Ki per
100 cM® ruapoKcH] epITIHAICIMEH XKyylaH OTKI3i, OYJ perre op KyydaH KeiiH
neHTpudyragay )KoHe epiTIHAUIepIl )KUHAY TPOIeAypachl KaTalaHIbl. byt KercaTsuTbl
IIpolecc 3epTTENETIH MNKI3aTTaH TyMaTTapAblH MAKCUMAJIIbl ajbIHYbIH JKOHE T'YMHUH
3aTTapbIHBIH YKOFAJITYBIH a3aliTyIbl KAMTaMAacChl3 €TTi, OyJI KeHiHT1 Tajay YLIiH CeHIMA1
JepeKTep ajdy YLIiH MaHbI3Ibl OOJIBI.

['ymuH KpIIKBUTAAPBIH Oertin any yumriH B xonmbaceinaarsl cyHbIKTRIKTEL 1000 cm?
KeJIEMJIi ©JIIeMTi KoJbara Cy3ill, KeJIEMIH Ta3apThUIFaH CyMeH Oelrire JeHiH ®KeTKi3Ii.
Ounprparran 100 cM? CYHBIKTHIK TUTIETKAMEH aJTBIHBII, CTaKaHFa KYHbUTARL. OFaH TyMIH
KBILIKBUIAAPBIH TYHIBIPY YUIH 60 CM® KBIIIKBII KOCBUIBII, MYKUST apajlaCThIPbIIIbI
KOHE TyHOa TY31Tyl YIIIH KaJabIpbUIIbl. AJIBIHFAH CyCIICH3Us LIEHTpUdyrajaay Hemece
CY3Y apKbUIbl TYHOAHBI €piTiHAlIeH Oomin any yiiH eHaenai. ' yMUH KbIIIKbUIJapbIHBIH
TYHOAChIH NENTHU3alusl OacTalFaHFa JeiiH, SFHU QJICI3 capbl TYCTIH maiiia OomybiHa
JEHIH AUCTUIIIEHTEH CYMEH JKy/bl (Tellb HeMece Koumon Ty3iryi). KocsiMina TyHasIpY
YIIIiH KOJUTOUATHI ePITiHAIre 5 ¢M® TY3 KBIIKBUTBI KOCBUIABL. | YMHH KBIITKBIITAPBIHBIH
YKaJITbl TYHOACHIH aJIJIbIH ajla KeNTipiJreH KoHe calMaFbl TYPAKThl KYHTe JKETKI3UITeH
(9045)°C Temneparypaza KeOTipiJireH KyJIci3 cy3ri apkpuibl cy3ai. TynOacer Oap cysri
QJJBIH ana eJIIICHTeH KoHe KeNTipiireH Orokcke caibiHbi, 90+5°C temneparypana 1
carat KenTipuii. Brokc anibIMeH ayaia 5 MUHYT, COJIaH KeHiH CYChI3IaH IBIPFBIIIBI Oap
9KCHKATOP/Ia CAIKBIHIATHLIBI, oJeH 1i. Kaxket OorFaH ykaraaiia Kenripy, CAIKbIHIATY
XKQHE eJIIIey MpOoLeypaaphl €Ki PeTTIK eIy apachlHAAFbl CalIMaK aibIpMAalIbLIbIFb]
0,001 r-HaH acmaraHfa JeliH KaWTanaHael. BIOKC MEH CY3TiHIH MaccachlH IIerepy
ApKbUIBI TYHOAHBIH Maccachl aHBIKTaJJIbL.

Kenripinren cysri tynOaceiMen Oipre amgpiH ama 600+25°C Ttemmeparypaia
TYPaKTHl Maccara JIeiiH KbI3bIPBUIFaH TUTENbIe aybICTRIPBUIIBI KoHe 1-2 carar imninae
OCHI TeMIleparypajia Kyjire alHaIAbIpbIbl. TUrenb anjapiMeH ayaia 5 MUHYT, COIaH
KEWiH dKCUKATOp/a CaIKBIHAATBUTBIN, omeHai. Kaxer 6onca, 15 MUHYT immiHme comx
Temneparypajaa Oakpuiay KYWIipy, CAIKBIHIATY KOHE OIIIey KYPTi3lmim, exi emmey
apaceiHIarel Macca aibipMamibuibiFel 0,001 r-HaH acmaraHfa JediH KaHTasiaHbl.
['yMuH KBIIKBUIAAPBIH TYHABIPY YILIiH TY3, KYKIpPT, JINMOH, aCKOPOUH jK9HE KYMBIPCKa
KBIIIKBUIIAPBl  KOJAAHBUIABI, OYJI ONapAblH TYMHUHJ 3aTTapiblH KacHeTTepi MeH
KYPBUIBIMBIHA 9CEPIH 3epTTeyre MyMKiHIIK Oep/ii.

3epTTey HOTHIKeIePi kIHe TAJKbLIAY. | yMuH Keksi1aapsl (I'K) —0yi1 Tonsipakra,
LIBIMTE3EKTE JKOHE Cy DJKOXKYHenepiHae ecCiMAIK KalJbIKTapbIHbIH OHOXHMUSIIBIK,
TpaHchOPMaLSIChl HOTHXKECIHIE TY31IETiH KYp/eli TaAOUFU OpraHUKAaJIBbIK IOJTUMEpIIEp.
Omnapasiy, KypbuibiMbl kKapookcmi (-COOH), denon (-OH), anpnernn (-CHO) xone
keToH (-C=0) cHusKTBI pTYPiIi (PyHKITMOHAJIBIK TOITAPbI 0ap TOPJIBI )KYHECHI Kypan/ibl,
OVJT ONapIblH XUMUSIBIK OCICEHIUTITIH aHBIKTalabl. ['YMUH KBIIKBUIAAPHI YKOFAPhI
MOJIEKYJIAJIBIK MacCaMeH KQHE FeTepOTreHIUTIKIIEH CUIIaTTaJIaibl, OapIblH KYpaMbIHIA
apoMaTThl SApoyiap, aJIKWU Ti30eKTepiMeH OalyaHbICKaH KYpbUIBIMAAP, COHJIAM-aK
a30T JKOHE KYKIPT KOCBUIBICTapbl Oomnapl. OnapAblH KacHeTTepi Heri3iHeH KypambIHa
KOHE TONMMeEpHU3alysl JeHreine OalIaHbICThI, OYJ1 OJNIapAblH IIBIFY Teri MEH TY311y
KaraainapbiHa Kapaid esrepeni (Silverstein, et al., 2014).
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'K meranmapMeH koHE OpraHUKaIbIK KOCBUIBICTAPMEH KEIIeHep TY3€TiH epeKIle
Xe1aToo0pasybl KabijieTke ue, Oyl oJapAbl JETOKCHKALMS JKOHE KOpIIaraH OpPTaHBI
TazapTy MPOLECTEePiHAe MaHbI3Abl KOMIOHEHT eTelli. COHBIMEH KaTap, Oap bUIFaIbI,
KOPEKTIK 3aTTap/blH HOHIAPbIH )KOHE OPraHUKAJbIK KOCBUTBICTapAbl OaiaHbICTHIPHIT,
ycTam TYpy apKbUIbl KOFapbl COpPOLMSUIBIK KaOlleTTUTikke ue, OYJl TOMBIPaKTHIH
KYpPBUTBIMBI MEH KYHapJBUIBIFBIH KaKcapTyaa MaHbI3Ibl pen arkapaasl (Machado et
al., 2020). 'yMuH KBIIIKBUIAPBI OMOIOTUSIIBIK OCJICEHITIK TAHBITA I, ©CIMIIKTEP/IIH
6Cyi MeH JJaMybIHa 9cep €Te OTBIPHII, 3aT aIMacy MEH KOPEKTIK 3JIeMEHTTEPIiH CiHyiH
BIHTANAHABIPATEIH peTTeyll (QYyHKOMSIApAbl OpbIHAalasl. OnapiblH —epirimrTik,
KBIIIKBUIIBIK JKOHE KOJJIOMITHIK KYHelepre e3/iriHeH >KMHAKTaly KaOuleTiH Koca
anranja, (pU3NKa-XUMHSAJIBIK KACHETTEPl aybll INapyallbUIbIFbl, MEIUIMHA, SKOJIOTHS
YKOHE MaTepHajTaHy CHAKTHI cananapia Kern(yHKIHOHAIIbI KOCBUIBIC PETiHAE KeHIHEH
KOJIJaHyFa MYMKIHJIIK Oepexi.

['yMuH KBIIKBULAAPBIHBIH TYHYBI OJIAPJBIH €PIrilITIriHIH CBHIPTKB (GaKTOpIapIbH,
MBICAJbl, OPTAHBIH KBIMIKBUIABIFBI, KOJAAHBUIATHIH TYHABIPFBILITHIH TYpi >KOHE
peareHTTepAiH KOHIEHTPALUSICHI SCePiHEeH 03repyiMeH OalaHbICThI KYpPAETl XMMHUSUIBIK
opekerrecy Oombin TaObwianel. ['yMUH KBILIKBULAAPBIHBIH TYHABIPBUTYBl HETi3iHEH
OJIapIbIH MOJIEKYNANapbIHbIH 3apsablH OeHTapanTaHAbIpY apKbUIbI JKy3ere acajpl,
OyJ1 Koarymsiusi MeH TyHOa Ty3inyine okeneni. CiATiIiK opTasa T'yMHH KbIIIKBUIAAPHI
JUccolnalysIanFal Kyiiae o6onaapl, mynaa kapookenn (-COOH) sxone denon (-OH)
TONTapbl MOHJANFaH, OYJ ONApbIH >KOFapbl EPITilTIriH KOHE KOJUIOMATHIK XKYie
TYPiHJEr1 TYpaKTBUIBIFBIH KaMTaMachl3 eTefi. KocklmFan Ty3, KYKIpT, TUMOH HeMece
KYMBIPCKa KbIMIKbUIAapel pH neHreiin TeMeHAETIN, (YHKIMOHAJABIK TONTAapAbIH
MPOTOHJANTYbIHA, TEPiC 3apsAThIH OelTapanTaHIbIPbUTYbIHA KOHE T'YMUH KBIIIKBUIBI
MOJIEKyJalapbl  apachlHAAFbl  AIEKTPOCTATHKAIBIK TEOUTyNiH a3aloblHA OKeJeal
(Proskurnin et al., 2023). Ocbl npoltiecTep/IiH HOTHKECIH e MOJIeKyaiap Oipirim, TyHOa
Ty3i7e1i.

CoHbIMEH Kartap, KBILIKBULABIH TYPi OpPEKETTeCy CHIAaThlHA ocep eTeli, eWTKeHi
OJIapIblH OpPKAHCHICHIHBIH KYIII MEH KeIleH Ty3ylli KaOimeTi opTypii. Mbicaisl,
KYKIPT KBIIIKBUIBI TYMHH KBIIIKBUIAAPBIHBIH KYPaMBIHAAFBl KYKIPTTI TONTapMeH
TYpaKThl OaiflaHbICTap Ty3€ OTBIPBIN, TYHABIPYFa KOCHIMIIA YJec Koca alajbl, aj
JIUMOH KBIIIKBUIBI METaNap HOHIAPbIMEH SPEKETTECII, OapAblH TYMHH 3aTTapbiMeH
KOAryJSIMACHIH KyIleiTe anagsl. MUKpPOCTPYKTypa AEHTeHiHne TYHABIPY TyMHUH
KBIILIKBIUIBl MOJIEKYJJIapbIHbIH THIFBI3ABIFEI MEH OaFbITHIHBIH ©3repyiMeH Karap
XKYpeai, 0yJ1 TyHOAHBIH COHFBI KYPBUTBIMBIHA 9Cep eTel. bys1 XUMUSIIBIK opekeTTecynep
TYHIBIPY TUIMALIITIH FaHa eMeC, COHBIMEH Karap ajblHFaH TYHOanapAblH COPOLHUSIIBIK
KaOiJIeT1, bIAbIpayFa TO3IMILIIT XoHe 6acKa 3aTTapMEH 9PEKETTECY CUSKTHI KACHETTEPIiH
anbikTaiae! (Li, et al., 2024). TyHasipy MexaHU3MAEPiH TYCiHY TYMUH KBILIKBUIAPBIH
OesyliH >KOHE oJIapAbl OPTYPJi TEXHOJOTHSUIBIK JKOHE HKOJOTHSUIBIK MiHICTTEpAE
naiananynbslH IpOLECTePiH OHTalIaHABIpYFa MYMKIHIIK Oepei.

2-cyperTe ryMaTTap/bl TY3 KbIIIKBUIBI apKbUTBI TYHIBIPYAbIH MK-criekTporpammacs!
KeNTipirex.
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Cypem 2. Ty3 KbIIIKBUIBI €PITIHIICIMEH TYMHH KBIIIKBUIBIH TYHABIPYABIH MK-ciekTporpaMmacs! xoHe

CaJIBICTBIPMAJIBI TaJI1aybl

Ty3 KBIIKBIIBIMEH TYHABIPBUIFAH TYMUH KbIIKBUIBIHBEIH HK-cniexTporpammacht
TYMUH KBIIITKBUTAAPBIHBIH KYpaMbIHa KipeTiH (GyHKIIMOHAIIBIK TONITApFa COWKeC KeIeTiH
CUTIATTAMAaJIBIK CiHIpY KOJAaKTapblH KepceTei. 2926-2854 cm ' aliMarbIHIAFBI JKOTAK
QKW Ti30€KTepiHe TOH METHI KoHe MeTHiieH TonTapbiHiarkl C-H OaiinmaHbICHIHBIH
BaJIeHTTIK TepOerictepin Oinmmipeni. 3400 cm ' aiiMarbIHAAFBI KEH JKOHE KapKBIHIBI
xomak ruapokcwiai  (-OH) TonTaphiHBIH BaJeHTTIK TepOericTepiHe Karaipl,
Oy1 ¢eHonm jxkoHe KapOOKCHII TONTApBIHBIH, COHJAi-aK aJcopOIWsIIaHFaH CyIbIH
OomysiMeH OaiimaHpICTBl. 1712 cM' aliMarbIHIAFBI JKOJAK KapOOKCHI JKOHE KETOH
torrrapbiHa ToH C=0 OaiilaHBICHIHBIH BAJICHTTIK TEPOEIiCTEPiH KOpCceTe i, OyJI TyMUH
KBITIIKBIIIAPBIHBIH KBIIKBUTIBIK, ()YHKIIMOHAIIBIK TONTAPBIHBIH 0ap eKeHiH pacTanIbl.
16201640 cm ! afimarbIHIAFHEI CiHIpY apoMarThl saponapaarsl (C=C) TepOenicTepmeH
HeMece TYMUH KBIIITKBUTBIMEH SPEKETTECETIH CyABIH JIe(hOpMAIHSITBIK TepOeTicTepiMeH
OaitmanpicThl. 1418-1450 cm ! xonme 1375 cM ! alimMakTapbIHIAFBI KOJIAKTap METHI
torrrapbeiHAarel C-H OaitnaHbICHIHBIH 1e(QOpMaIUsITBIK TepOeNiCTEPiH KoHE, MYMKIiH,
kapookcmnatrapapiH (COO™) cummeTpusiiblk TepoOernictepin kepceteni. 1050—1080
cM ' aliMaFBIH/IaFbI )KOJIAK CIIUPTTEP/IETi, (heHoImapaarsl HeMece Kypaeni agupiepieri
C-O 0OaiiinaHBICHIHBIH TepOeIicTepiH KepceTedi, Oyl TYMHWH KBIIIKBUIJapblHA TOH
(Aldrich Edition 2 FT-IR Condensed Phase Library Part 1, 2007; Aldrich Edition 2 FT-
IR Condensed Phase Library Part 2, 2007; Aldrich Edition 2 FT-IR Condensed Phase
Library Part 3, 2007; Georgia State Crime Lab Drug Library). Cnexrpae kapOokcwui,
THIPOKCHII, apOMATTHI JKOHE AJKHII KYPBUIBIMIAAPHI CHSKTHI HETi3T (pyHKITMOHAIIBIK
TONITApIBIH Oap eKeHi KOepCeTiNreH, OYJ TYMHUH KBIIKBUIBIHBIH KYPHIETl KYpamMblH
JKOHE OHBIH KBIIIKBIIIAPMEH peakiusiiapia XUMHSUTBIK OelICeHAUTITIH pacTaiasl. Ty3
KBIIIKBITBIHBIH 9CEpi CIEKTPIiK KaPKBIHIBUIBIKTEIH ©3Tepyi apKbUIbl KOpiHemi, Oy
TYMUH KBIIITKBUTBIHBIH KYPBUTBIMABIK ©3TepicTepiH TYHABIPY Ke3iH/Ie KOpceTyi MyMKiH.

CriekTprep/ii caJbICTBIPMAIBI Talidy TYMHUH KBIIITKBUTBIHBIH HHIIAHAHOH, STICHUIOH-
KaIlpoJIaKTaM, COHJIali-aK I)PUTPOMHUIIMH CTEAPAThl CUAKTHI KOCBIIBICTAPFa COMKECTITiH
KepceTTi, OyJT TYHABIPYIABIH KAIJIBIK KOcIajap HeMece »KaHaMma OHIMIEpiHIH OOIysl
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MYMKiH ekeHiH kepcereni. CTanmaprTap MeH TajJaHFaH YJATiHIH TOJBIK COMKeCTiri
T'YMHH KBIIIKBUIBIHBIH KYPJIEJi KypaMfa e eKeHiH, OHbIH KYpaMbIHAA alu(aTThIK KOHEe
apOMATTBHIK KOMIIOHEHTTEp, COHJAi-aK KBIIIKbUIIAPMEH peakuusiapaa XUMHUSIIBIK
OesceHalTiKKe JKayanTsl GyHKIMOHAIABIK TONTApAbIH Oap eKeHiH pacTayFa MyMKIHIIK
Oepeni. by ciekTpiik Tangay TyMUH KbIIIKBUIBIHBIH KYPBUIBIMABIK T€TePOreHIIITHIH
YKOFapbl ICHIeil1H JKoHE TYHBIPY/AbIH OHBIH KAaCHETTEPIHE eNIeyIli 9CePiH aran KepceTeai
(Niewes, et al., 2023).

KyKipT KpIIIKBUTBIMEH TYHIBIPBUIFAH TYMUH KbIIKBUIBIHBIH MK -criekTporpammacsr
(3-cypeT) oHBIH KYpPBUIBIMBIH KYPalThIH HET13r1 (PyHKINOHAIBIK TONTAP/bl aHBIKTAYFa
MYMKIHIIK OepeTiH cunarTamaiblK CiHipy >kojakTrapblH kepcereni. 3106-3016 cm!
aliMaFbIHIAFbIl KeH konak ruapokcuni (-OH) TonTapelHBIH BalIeHTTIK TepOernicTepine
OaiimaHbICTBI, OYJ1 )eHONAap MEH CIIUPTTEPAiH, COHIA-aK CYTEKTIK OailaHBICTapIbIH
OonysiH Kepceteni. 2920—2850 cM ! aliMarbIHAAFbl JKOJAKTAP METHJ YKOHE METHIICH
tontapbiHblH C-H BaneHTTIK TepOemicTepiHe kaTaabl, Oy KypbUIbIMAA adu(aTThIK
Ti30exTepaiy Oap exkeHin pacraiinel (Aldrich Edition 2 FT-IR Condensed Phase Library
Part 3, 2007).
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Cypem 3. KYKipT KbIIIKBUTBI €PITiH/ICIMEH T'YMHH KBIIIKBUIBIH TYHIBIPYIbIH VK -criekTporpaMmacs! sxoHe
CaJbICTBIPMAaJIbl TaJIJaybl

1701 cm! aiiMarbIHAAFRl AHKBIH KOJAK KapOOH KBIIIKBUIIAPHI, KETOHIAp HEMECe
kypaeni a¢upnepaeri C=0 BaneHTTIK TepOericTepiHe colikec Kenesi, 0y KapOoKCHII
KYPBUIBIMIAPBIHBIH 00ybIH nmanemaerai. 1401 cm ! alimarbinparsl sxonak C-H-ThiH
nehopMalsIIBIK TepOeTICTePiH JKOHE, MYMKIH, apOMaTThl KYPBUIBIMAAPIBIH O0JTybIH
kepcerei. 1068—974 cM ! aliMarbIHIaFbl KAPKBIHJIBI )KOJIAKTAp CIUPTTEpre, Auprepre
Hemece (enon ronrapsina ToH C-O OaiitaHbicTapbiHa xarajsl. byt skoakrap, CoHam-
aK, KYKIpPT KbIIIKBUIBIMECH TYH/IBIPY Ke3iH/Ie maiiia OonFaH cyab(ar TonTapbiMeH e3apa
opekertecyni kepcetyi mymkiH (Aldrich Edition 2 FT-IR Condensed Phase Library Part
2,2007; Aldrich Edition 2 FT-IR Condensed Phase Library Part 3, 2007; Georgia State
Crime Lab Drug Library).

87



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

CriexTpai KiTanxaHalblK MOJIIMETTEPMEH CaJIBICTBIPMAIIbl TaJldy TYMUHJIIK 3aTTap
MEH KYKIPT KBIIIKBUIBIHBIH ©3apa 9PeKeTTeCyl HOTHKECIHIE ATUICHOKCHJ >KOHE
IOpoMOyTaH CHSKTBI KOCHAJaplblH HEMece TYHABIPYIBIH >KaHaMa OHIMICPiHIH
oonybin kepcereni. Conpait-ak, 600—400 cm™' alimMarplHAAFbl ©3repicTep Cyiabdar
KaJIBIKTapbIHBIH OOMYBIH pacTaibl, Oy MyHIai KocwkuibicTap yuiH ToH (Liu et al.,
2023). CnekTp TyMUH KBIIIKBUIBIHBIH KYPBUIBIMIBIK TETEPOrCHAUIITIHIH KOFaphl
JCHI'eWiH JKOHE KYKIPT KBIIIKBUIBIMEH TYHJBIPY MPOLECIHIH OHBIH COPOLUSIIBIK JKOHE
XMMUSUIBIK KACUETTEPiHE eyl acepiH KopceTei.

4-cypeT acKOpOMH KBIMIKBUIBIMEH TYHABIPBUIFAH TYMHH KbIIIKbUIBIHBIH HMK-
CHEKTPOrpaMMachl TYMHH KbIIIKBUIBIHBIH ~KYPBUIBIMABIK —EPEKILENIKTEPiH >KOHE
ACKOpOMH KBIIIKBUIBIHBIH OHBIH KYpPBUIBIMBIHA 9CEPIH KOPCETEeTiH HETI3ri CiHipy
JKOJIAKTAPBIH IEMOHCTpausuiaiiipl. 3269 cM ' aliMaFbIHIAFbl KeH YKOJIAK THIPOKCHII
(-OH) TonTapblHBIH BaJeHTTIK TepOemicTepiHe coiikec Keyeai, OyJl CIUpTTEp MEH
(deHonapl  KOCBUIBICTApABIH, COHAAH-aK CyTEKTiK OaifyaHbicTapAblH —OOMybIMEH
OaiimanpicTel. 2920-2850 cm™' aiiMarbl MeTWJ KoHE MeTwieH TonTapeiHAarsl C-H
BAJCHTTIK TepOemicTepiMeH CHmarTanaibl, Oyl amudarThlK KOMIOHEHTTEpAiH Oap
exenin kepcereni (Aldrich Edition 2 FT-IR Condensed Phase Library Part 2, 2007).
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Cypem 4. ACKOPOWH KBIIIKBUIBI €PITIHAICIMEH I'YMUH KBIIIKBIIBIH TYHABIPYAbIH MK-criekrporpammacs!

JKOHE CaJIbICThIpMaJlbl TaJIAaybl

1639 cm! aiimMarbiHAAaFBl KApPKBIHABI JKOJMAK KapOOKCHIIbL TONTaphl HEMeECce
ketoHaapra ToH C=0 BaJIeHTTIK TepOesicTepiHe kKaTa bl )KOHE TYMHH KbIIIKBUTBIHBIH
HEri3ri KBIIIKBUIJABIK KacueTiH kepceremi. 1404 cm' aiimarbiHgarsl sxoiak C-H
negopMalmsIbIK TepOernicTepine colikec Keneml koHe kapOokcmnarrapra ToH COO~
TepOenicTepiMeH OaiyiaHbICThl  001ybl MyMKiH. 1074-1035 cM! aliMaFbIHIAFbI
JKOJMakTap (QEeHONIbI JKoHE crnupTTi TonTapiaarekl C-O TepOericTepiHe xkarajibl, Oy
T'YMUH KbIIIKBUTBIHBIH KYpAETi KypbUTbIMbIH pactaiiabl (Georgia State Crime Lab Drug
Library; Niewes et al., 2023).
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Tynabeipy nponecinge ackopOorH KbIIKBUIBIHBIH 00iysl 700600 cM ™ aifiMarbIHIAFbI
KOCBIMIIIA JKOJIAKTapMEH OaiaHbICThl OOJTYybl MYMKiH, Oy TYMUH KBIIIKBUIBIHBIH
ACKOPOMH KBIIIKBUIBIHBIH TOTBIFY OHIMJEPIMEH OpEKeTTeCyiH KepceTyl MyMKiH. by
@3apa 9peKeTTecy T'YMHUH KBIILIKBUIBIHBIH KYPBUIBIMIBIK ©3TepicTepiHe MKOHE OHBIH
COPOLUSIIBIK KablIeTi MeH XUMUSUIBIK OSJICEHIUIIr CUSKThI KaCUETTEePIHE bIKNA €Tyl
MYMKiH. Ocpbuiaiiia, CHeKTp TYMHH KBIIIKBUIBIHBIH JKOFapbl TE€TEPOreHMAIrH >KoHE
ACKOPOMH KBIIIKBUIBIHBIH OHBIH KYPBUIBIMBI MEH (DYHKIIMOHAIbUIBIFBIHA aWTapIIBIKTAN
9CEpiH KepceTei.

Kyxipt ’oHe Ty3 KbIIKBULAAPBIH TYHIBIPFBILI PETiH/E KONJaHFaH1a TyMUH KBILIKbI-
JIBIHBIH KYPBUIBIMBIHIAFBl albIPMAIIbUIBIKTAP OJIAPIBIH XUMHSJIBIK KACHETTEpPiHIH
OpTYpaiNiriMeH OaliIaHBICTBl, O TYMHH KBIIIKBUIAAPBIHBIH — (YHKIHOHAIIBIK
TONTApbIMEH OPTYPIi opekeTTecy MexaHm3miepiHe okenenai. Ty3 keimukbuibl (HCI)
KYILUTi IPOTOH JOHOPBI peTiHae apekeT erir, kapookcun (-COOH) sxone genon (-OH)
TONTAPBIHBIH MPOTOHIAHYBIHA BIKNAT eTeli. byl onapabiH epirimTirinin TeMeHaeyine
JKOHE TYMHH KBILIKBUIBI MOJIEKYJIATapbIHBIH arperaTTaHyblHa okeneni. by xarnaiina
CHEKTP T'YMHUH KBIIIKBUIBIHBIH OacTankbl KYpbUIBIMBIHA ToH KapOonun (C=0) xoHe
rugpokcui (-OH) TonTapblHBIH HEri3ri ciHipy >komakrapbiH cakTaigsl. HCIl-apiH
apOMAaTThI KYPBUTBIMAAPFA 9Cepi MUHUMAIABI, ce0e01 OyJT KbIIIKBII TOTBIFY KACHETTEPiH
kepcernenai. Kykipt kpiukpeuisl (H2SOs), KyluTi npoToHnanasipyaan 6acka, cynbdar
KanablKTapbl (SO4?7) apKbUIbl TYMUH KBIIIKBUIBIHBIH (YHKIHOHAIABIK TONTAPBIMEH
TypakThl OainansicTap Ty3e anaisl. byn C-O-S GaiinansicTapeina 6aitnansicTsl 1200—
900 cM™! aliMarbIHIAFbI J)KaHA CIHIPY MKOJIAKTapbIHBIH Maiina oomysiHa okeneni (Liu, et
al., 2023). ConbIMeH Katap, KYKIpT KbIILIKbUIBI TOTBIFY KaCHETTepiHe ue, OyJ1 apoMarThl
KYpBUTBIMAAP/BIH ilIiHapa OY3bUTybIHA >KOHE OJIapAblH MOAW(UKAIMACHIHA OKeNyi
MYMKiH. Ty3 KbIIIKBUIBIMEH TYHABIPBUIFaH KaFAalia T'YMUH KbIIIKbUIBIHBIH KYPBUTBIMBI
kebipek apomarTsl siponapabl (C=C) caxraiigsl, 0ya 1600-1620 cM™ aiiMarbIHIAFbI
KonakrapablH OomybiMen pactanaabl. byn HCIl-gpiH apomartTbl KypbUIBIMAAP.BI
Oy30aliTeiHbIMEH OaimaHbICThl. KyKipT KBILKBUIBI apoMarThl SApOJapAbl ilriHapa
TOTBIKTBIpa anajpl, Oy omapasiH MoaudukanusicbiHa okeneni. byn 1600-1400 cm™
aiiMaFbIHIAFbl CIHIPY JKOJAKTapbIHBIH KAPKBIHIBUIBIFBIHBIH ©3repyiMeH JKOHE TOTBIFY
eHIMzEpiHe OalyIaHBICTBI KOCBIMINIA JKOJAKTAapIbIH Maiaa OoNybIMEH KepiHEesi.
HCI xemeriMeH TYHABIPBUIFAH TYMHH KBIIIKBUILAAPHl apOMATThl KYPBUIBIMIBI JKOHE
(YHKIMOHAIABIK TONTApIbl CaKTay apKbUIbl OacTamKbl COPOLMSUIBIK OpPTalbIKTapIbl
kebipek cakraiinel (Abdel Maksoud, 2023). H.SO. xonnmanranzma cyiab(arThIK
TONTApABIH Maiina 0oysl koHEe (PYHKIMOHANIBIK TONTAPABIH Oip OemiriHiH Oy3bLTybI
TYMUH KBIIIKBUTBIHBIH COPOIMSIIBIK KaOIJICeTiHIH e3repyiHe okejeli, Oys Keie OH
ocep eTyi MyMKiH (OeJICeH Il OpTaabIKTapablH CaHBIHBIH apTybl), all KeWe Tepic acep
€Tyl MYMKiH (COpOUMSIIBIK yuackenepiH xkoranybl). HCl HerizineH TyMUH KbIIIKBUTBI
MOJIEKyJIaJIapbIHbIH 3apAbIH O TapanTaH by apKbUIbI KOATYSIIUSHBI TYABIPAIbI, OyIT
arperartanyra okeineni. H.SOs monexkynanap apacelHAarbl cyiab(aTThIK Kemipiaepui
EHTi3y apKblIbl MOJIEKyJaapasblK e3apa opekerrecyni kymeiteni (Aldrich Edition 2
FT-IR Condensed Phase Library Part 2, 2007).

JIMMOH KBIIIKBUIBIMEH TYHIBIPBUIFaH TYMUH KBIIKBUIBIHBIH MK -criekTporpammacsr
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OHBIH KYPBUIBIMIBIK EpEKIICTIKTEPiH JKOHE JIMMOH KBIIIKBUIBIHBIH ~XUMHSIIBIK
KYpbUIBIMBIHA dcepi S-cyperre kepcerinreH. 3294-2929 cm' alimMarbIHAArbl KeH
xomakrap rtuapokcwiai (-OH) TonTapbIHBIH BaJGHTTIK TepOelicTepiHe Ccolikec
Keneni, Oy (eHonmapAbIH, CIMPTTEPIiH KOHE CYyTEKTIK OaimaHbIcTapablH OOTybIMEH
OaiimanpicThl. 1722 cM™' aiimarbiHAarbl kodak kapOoHun (C=O0) tomTapblHa ToH,
Oyl KapOOKCHIIAI KBILIKBULAAp MEH Kypaeni dupiepre ToH KacHeTTepAi Kepcereli
JKOHE KBIIIKBUIABIK (YHKIIMOHAJABIK TONTAPAbIH CaKTaJFaHbIH pacTaiapl. 1619—
1454 cm™' alimarbIHIAFBl KONMakTap apomarThl kykenepaeri C=C-geopManusibk
TepOericrepine OalaHbICTBI, Oy TYMWH KBIIIKBUIBIHBIH apOMaTThl KYPBUIBIMBIH
pactaiinel (Aldrich Edition 2 FT-IR Condensed Phase Library Part 1, 2007; Aldrich
Edition 2 FT-IR Condensed Phase Library Part 2, 2007; Aldrich Edition 2 FT-IR
Condensed Phase Library Part 3, 2007; Georgia State Crime Lab Drug Library).
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Cypem 5. JIUMOH KBIIIKBUIBI €PITIH/IICIMEH TYMHH KBIIIKBUIBIH TYHABIPYAbIH VIK-criekTporpaMmacs! sxoHe

CaJIbICThIpMaAJIbl TAJIAaybl

1045-1011 cm™' aiiMarbIHIAFBI XKOJMAKTap (EHOJAAp, CIUPTTEP KOHE d(upiepre
ToH C-O TepOemnictepin kepcereli, Oyl TYMHH KbBILKBUIBIHBIH KypAETl KYpambIH
KOCBIMIIIA Joienaeii. JINMOH KBIIIKBUIBIHBIH TYHABIPY NPOLECiHE KaTbICybl T'YMHUH
KBILIKBUTBIHBIH (DYHKIIMOHAJIBIK TONTAPbIMEH, MBICAIIbI, KAPOOKCHI JKOHE THIAPOKCUI
TONTapbIMEH ©3apa opeKeTTecyMeH OaiinanpicThl 771-650 cM™'  aiiMarbIHIAFBI
KOCBIMIIIA JKOJIaKTap/IbIH Maiaa 0oirybiHa ocep eTyi MyMkiH (Niewes, 2023).

Kiranxananblk JAepeKTepMEH CaJbICTBIPMANbl Talgdy TYMHH KBIIIKBUIBIHBIH
XJIOpoopM koHE rekcadpTopPocdar CHSIKTHI KOCBUTBICTAPMEH COMKECTITiH aHBIKTaIbl,
OyJ1 e3apa opeKeTTEeCYliH jKaHaMa OHIMJICPIHIH HeMece KaJIbIK KOoCIajiapablH OOTybl
MYMKIH €KeHiH Kepceredi. bysl gepekrep JMMOH KBILKBUIBIHBIH TEK TYHIBIPFBILI
pOJiH FaHa eMeC, COHBIMEH Karap T'YMHUH KbIIIKBUIBIHBIH XUMHSJIBIK KYPBUIBIMBIH
©3repTETiH PeareHT POITiH aTKapaTbIHbIH KepceTeai, 0ipak COHbIMEH Oipre OHBIH HEri3ri
(YHKIMOHAIABIK TONTAapblH cakTaiasl. Ocbulaiiiia, CHIEKTP TYMHH KbIIKbUIBIHBIH
KOFapbl XUMHUSUIBIK OCJICEHIUNIrH, KYPBUIBIMABIK T'€TEPOTreHIIriH JKOHE JHMMOH
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KBILIKBUIBIHBIH OHBIH COPOIMSIIBIK KOHE XUMHSUIBIK KAaCHETTEpiHE elieysi ocepiH
KepceTei.

KyMBIpcKa  KBIIKBUIBIMEH  TYHIBIPBUIFAH  TYMHH  KbIIKbUIBIHBIH — WK-
CIIEKTpOrpamMMachl (6-CypeT) OHbIH KYPBUIBIMABIK €PEKLICTIKTEPiH JKOHE KYMBIPCKA
KBILIKBUIBIHBIH (DYHKIIMOHAJIBIK TONITAPFa dCEPiH KOpceTei.
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Cypem 6. KyMbIpcKa KBIIIKBLIBI €piTiHAICIMEH TYMHUH KBIIIKBUIBIH TYHABIPYAbIH MK-crekTporpaMmace!

JKOHE CaJIBICTBIPMAJIbI Ta14aybl

3301 cm! aiiMarbIHAAFRl KeH >kojiak THapokciai (-OH) TonmTapbIHBIH BaJICHTTIK
TepoericTepiHe cokec keme i, 031 HheHOIBI KOCBIIBICTApMEH, CHTUPTTEPMEH )KOHE KYTITi
CYTEKTIK OaiaHbIcTapMeH OalIaHBICTHI. 1657 cM ! aiiMarbIHAAFBI JKOJAK KapOOHWUIT
(C=0) tonTapbIlHBIH BAJICHTTIK TepOemicTepine karambl, Oy KapOOH KBHIIIKBIIAAPHI
MEH KETOHIAapFa TOH JXOHE KapOOKCHI KYPBUIBIMIAPBIHBIH Oap CSKEHIH pacTaimbl.
1422 cm™! aliMarpIHIAFBI XKOJAK apoMarThl kyhenepaeri C-H-ToIiH medopMaIusiibik
TepOeicTepiH KoHEe, MYMKiH, kapOokcmiarTapra ToH COO™ tepOemicTepin KkepceTei
(Aldrich Edition 2 FT-IR Condensed Phase Library Part 1, 2007).

1072-1038 cm ! aiiMarpIHIAFBI JKOJIAKTAp COUPTTEpAE, (eHoIaapaa KoHe Kypaemi
acdupnepae kesgecetin C-O tepOemicTepiH CHUMATTaWIbI, OYVJI T'YMHH KBIITKBITBIHBIH
KYPBUTBIMBIHBIH Ky paeiTiria kepcereni. KocsiMima Typae, 771-650 cm ! aitmMarbIHAaFbI
YKOJTAKTap KYMBIPCKA KBIITKBUTBIHBIH TYMUH KBIIIKBITBIHBIH KapOOKCHII dKOHE apOMaTThI
KYPBUIBIMIAPBIMEH ©3apa opeKeTTeCyiMeH OalIaHbICThI OOTYBl MYMKIH, OYJI OJTapIbIH
momudukarusaceiHa okeneri (Aldrich Edition 2 FT-IR Condensed Phase Library Part 2,
2007).

CHeKTpIiH KiTalrXaHaJIbIK IePEKTEPMEH CaTbICTHIPMAIIBI TAIAAYBI XJIOPO(OpPM kKoHE
KBIITKBUTIAPABIH, TYBIHIBIIAPEI CHSIKTBI KOCBUIBICTAPMEH COMKECTIKTI KOPCETTi, Oy
peaKIUIHBIH )KaHaMa OHIMIEPiHIH HeMece KaIIbIK KOCITalapabliH 00Tybl MYMKIiH CKEHIH
kepcetemi. KyMbIpcKa KBIIKBIIBI KYIITI MPOTOH JOHOPHI 00JIa OTBIPHII, KapOOKCHIT
oHe (DeHOJ TONTAPBIHBIH TMPOTOHAAHYBIH TYABIPAAbI, Oy TYMHH KBIIIKBUTBIHBIH
arperarTaHyblHa JKOHE OHBIH COPONFSUIBIK KACHETTEPIiHIH e3repyiHe OKeJesi.
Ocpinaifia, CreKTp TYMWH KBIIIKBUTBIHBIH JKOFaphl TE€TEPOTEHITIH KOHE KYMBIPCKA
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KBIIKBLIBIHBIH OHBIH XMMHSUTBIK OCJICCH LTI MeH (DyHKIIMOHAIBIK CUTIATTaMaJIapblHa
9CEpiH KepceTei.

KopbITBIHABI. OPTYPJIi KbIIIKbUIIAPMEH TYHABIPUIFAH T'YMUH KbIIIKbUIIAPbIHBIH
UK-cniexktporpammaniapslH  Tangay opOip KBIIKBUIABIH TYMHH KBIIKBUIIAPBIHBIH
KYPBUIBIMBI M€H (YHKIIMOHAJ/IBIK TOMNTApblHA EpeKIIe ocep EeTEeTIHIH, ONapIblH
KacHeTTepi MEH MIHE3-KYJIKbIH aHBIKTAUTHIHBIH KOpceTTi. Ty3 KBIIIKBUIBI TyMUH
KBIIKBLIIaPIHBIH 0ACTANKbI KYPBUIBIMBIH MTHUMAJIJIBI ©3r€PiCTEPMEH CaKTal OTBIPHIII,
HeTi3iHeH KapOOKCHII jkoHEe ()EHOJI TONTAphlHA dCep eTedi, OYJI KYMCaK TYHABIPYIIbI
YKOHE COPOIMSIIBIK OPTAIBIKTAP/IBIH CAKTAIYbIH KAMTaMachl3 eTejli. KyKipT KbIIIKbLIbI,
KEpICIHIIIE, OHBIH TOTHIFY KacHeTTepi MeH CcyiabhaT OaillaHBICTaApBIHBIH TY31UTYyi
ece0iHeH eneysi e3repicTep TyIbIpaabl, OYIT apOMaTThl KYPBUTBIMIAPIBIH Oip OeiriHig
OY3BUIyBbIHA JKOHE MOJICKYJaJapAblH MOJSAPIBIFBIHBIH apTyblHA OKeledi. ACKOpOUH
JKOHE JIMMOH KBIIIKBULIAPBI TYMWH KbBIIIKBUIIAPBIHBIH HETI3r  (DyHKIIMOHAIBIK
TONTApBIH CaKTall OTBHIPBIN, KYPBUIBIMBIH TEK a3iam e3repTelli, Oyl onapiblH TyMHH
KBIITKBUTIAPBIHBIH, TaOWFH KACHETTEpPIH CaKTay VIIIH KOJIAWIBI CKEHIH KOpPCETEel.
KyMBIpcKa KBIMIKBUIBI KYIITI IIPOTOH JTOHOPHI 00J1a OTHIPHIT, KapOOKCHIT KoHE (PEHOT
TONITaphIMEH OEJICEHI opeKeTTeceNl, Oy MOJeKylalTap/blH KYIITi arperarTaHyblHa
YKOHE THIFBI3 TYHOANAP/IBIH TY3iTyiHe okenei. Ochuiaiiina, KbIIIKbUIIAPIbIH dCepiHAeT]
alBIPMAIIBUIBIKTAD OJIAPJBIH XUMUSUIBIK KACHUCTTEPIMEH aHBIKTANAJbl, ajl TYMUH
KBIIKBULIAPBIH TYHABIPY YLIH KBIIIKBUIABI TaHJAy 3EpTTey HEMece MpPaKTHKAIbIK
KOJIZIaHy MaKcaTTapblHa, MBICAJIbBI, COPOLMSUIIBIK OCICEHIUTIKKE, MOJSPIBIKKA HEMece
TYHOANapIbIH XUMUSUIBIK TYPAKTHUIBIFbIHA OaIaHBICTBI OOJTYBI KEPEK.
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Abstract. The synthesis of iron (II) tetrahedral complexes was carried out under
carefully controlled conditions, using precisely selected chemical reagents and specific
reaction parameters. After completing the synthesis, the structural integrity of the
complexes was confirmed through elemental analysis, which verified the presence of
the main elements in the crystals, ensuring the accuracy of the synthesis and confirming
the desired composition of the obtained compounds.

Following the synthesis, a series of magnetic measurements was performed on the
monocrystalline samples to study their magnetic properties in detail. These measurements
were particularly focused on investigating the spin crossover behavior, which is an
important phenomenon that occurs in iron (II) complexes. This transition between low-
spin and high-spin states under varying external conditions, such as temperature, plays
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a key role in defining the magnetic properties of the compounds. The development of
a detailed methodology for optimizing the synthesis conditions was a crucial part of
the research. It allowed for the production of complexes with high purity and yield,
ensuring reliable and reproducible results in subsequent measurements and studies.

Moreover, the impact of temperature changes on the spin crossover process was
thoroughly investigated. The findings demonstrated that temperature significantly
influences the spin states of the complexes, which is critical for practical applications.
These results could have implications for the design of new materials with tunable
magnetic properties, particularly in fields such as molecular electronics and spintronic
devices.

Keywords: iron (II) complexes, magnetic measurements, spin -Crossover.
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AnHoTanus. Makajnaga MarHuTTIiK eJieynep 9aici apkbuisl 3eprrenren temip (I1)
HETi31HJeT1 TOPTAAPOIBI KeIIeHAePIiH MOHOKPHCTAIIAPBIH a1y HOTHKeJIepi YChIHBUIABL.
Kemennepain KypaMbIHIaFbl HET13T1 2JIEMEHTTEPAl aHbIKTAY YIIiH JIEMEHTTIK Tanjay
XKYPri3iiin, onapaslH cuHTe3 canackl pactanisl. CHHTE3 IPOLECi YIIIiH apHalbl 9icTeMe
ozipnenin, Temipaiy (II) TepTsampossl KemengepiH amy OapbIChIHAA KOJIAAHBUIATHIH
ONITUMAJIbJIbI LIAPTTAP aHBIKTAJIbI, OYJI KeIeHAEPIiH KPUCTAILT CallachlH JKaKcapTyFa
YKOHE ONapblH (PU3UKAJIBIK-XUMISITBIK KACHETTEpiH OaKpliayFa MyMKIHIIK Oep/i.

3eprrey OapbIchblHIA epeKile Hazap KeIleHAEPIiH TeMIepaTypajblK e3repicrepre
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KaTBICTBI KACUETTEPiHE ayJapblIibl, aTan alTKaHa, CIIMH-KPOCCOBEPIIIK aybICYyIapAbIH
TeMIepaTypara TOyeJIimiri 3eprresngi. TemmeparypaHblH apTybl HeMmece Kemyi
KEIICHAEPIiH CIHMH-KPOCCOBEpiHE elNeyi ocep eTETiHI aHBIKTalIbl, OyJl OJapAbIH
MarHUTTIK KacHETTepiHe acep ereli. byn KyObUIbICTapAblH 3epTTelyi KelleHIEpIiH
KYPBUTBIMABIK >KOHE DJICKTPOHABIK €PEKILENIKTEepiH TEePEeHIpeK TYCiHyre MyMKiHIIK
Oepai, coHnmaii-ak onmapablH OojamiakTa MarHMUTTIK MaTepHaljap MEH CIHHTPOHHKA
caslajapblH/a MPAKTUKAJIBIK KOJIIAaHy MYMKIHAIKTEpPiH 3epTTeyre Heri3 O0onaabl.
Artanran HoTwkenep TteMipAiH (II) TepTsapornsl KemeHAEPiHIH KYpbUIBIMABIK,
MarHUTTIK XOHE TEPMOAUHAMHUKAIBIK KACHETTEPiH KEHIHEH 3epTTEyre KOJ allbll,
oJapbIH GYHKIHOHAIABIK MYMKIHAIKTEPiH KOJIIaHy IepPCIIeKTHBAIapblH KOPCETEI].
Tyiiin ce3nep: temip (II) kemennepi, MarHUTTIK MLIEYIEP, CHMH-KPOCCOBED.
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AnHotamms. IlpencraBneHsl pe3yabTaThl CHHTE3a TETpasAEpHBIX KOMIUIEKCOB
xenesa (1), mpoBeaEHHOTO C HCIONB30BaHNEM TIIATEIBHO MOJ0OPaHHBIX XUMUUECKUX
peareHToB M crequPUIECKUX YCIOBHH PEaKLUUH, YTO 00ECIIeUnIO BBICOKOE KadyeCTBO
MoJy4aeMbIX MpOAyKTOB. Ilocre 3aBepiieHust cuHTe3a Oblla MPOBEAEHA CepHs
MarHUTHBIX U3MEPEHUH Ha MOHOKpHCTANIaX, YTO MO3BOJIMIIO JETAbHO MCCIEN0BATh
WX MarHuTHele cBoiicTBa. Oco0oe BHHMaHME OBLIO YIAENEHO CIHUH-KPOCCOBEPY —
BaXHOMY (peHOMEHY, KOTOPBIH XapaKTepH3YyeT MEepexoA MEeXIy HU3KOCIHUHOBBIMHU H
BBICOKOCITMHOBBIMH COCTOSIHUSIMH B 3aBUCHMOCTH OT BHELIHHX (DaKTOPOB, TaKHUX Kak
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TeMIeparypa. ITOT Hepexo/] ABISETCS KIIOYEBBIM acCleKTOM B MOHUMAaHUM MarHUTHBIX
XapaKTEPUCTHK UCCIENyEMBIX COETUHEHHH.

Jnsi mOATBEp)KACHUS COCTaBa CHUHTE3MPOBAHHBIX KOMIUIEKCOB OBIIT MPOBEAEH
JIEMEHTHBIN aHalln3, KOTOPBIA MOATBEPAMISI HAJIWYHE BCEX OCHOBHBIX JJIEMEHTOB U
MPaBWJIBHOCTh CHHTE3a. JTO Jaj0 BO3MOXHOCTh YIOCTOBEPHUTHCS B COOTBETCTBUHU
MOJTYYEeHHBIX COCOMHEHUH OKUAAEMBIM CTPYKTYpaM M 00€CHEeYUTb BBICOKYIO
JOCTOBEPHOCTD IMOJTYYEHHBIX pe3ynbraTtoB. OMHON M3 3HAUUTEIbHBIX YacTei paboThl
cTaja pa3paboTKa METOOMKH CHHTE3a, KOTOpas BKIIOYala ONTHMHU3ALUIO YCIOBHN
JUI TIONYYeHUs] TeTpasiiepHblx KomruiekcoB xkene3a (II). Brmaromaps stomy Obina
JOCTUTHYTA BBICOKAsl CTENEHb YUCTOTHI M 3()(HEKTUBHOCTD MpoILecca, YTo 00eCneyrio
BOCIIPOM3BOJIUMOCTD PE3YJIBTATOB.

JononHuTenbHO OBIJIO HMCCIIEAOBAHO BIMSAHWE TEMIIEPAaTypbl Ha IMPOLECC CIHH-
KpOCCOBEpa, 4TO MO3BOJMJIO BBIIBUTH 3HAUMTEIBHOE BO3JEHCTBHE TeMIIEpaTypHBIX
W3MEHEHUI Ha CIIMHOBBIE COCTOSHMSA. DTO MMEET OOJbIIoe 3HAYCHUE ISl pa3paboTKu
HOBBIX MaTepuasioB C PETyIHPYEeMbIMA MarHUTHBIMH CBOWHCTBaMH, YTO MOXKET HAWUTH
MPUMEHEHUE B TEPEIOBbIX TEXHOJOTHSX, TAKMX KaK CIMHTPOHHMKA M MOJCKYJISpHas
JIEKTPOHUKA.

KiroueBble cioBa: xomruiekcel kene3a (II), MarHuTHblE W3MepeHHs, CIHH-
KpOCCOBEP.

Introduction. Spin crossover (SCO) is a magnetic property of molecular and
extended solids that can be observed for some compounds of d *-d 7 transition metal
ions. These ions can adopt electron configurations with different numbers of unpaired
electrons; hence their compounds can undergo SCO between a low spin (LS) and a
high spin (HS) state under external stimuli such as a change in temperature or pressure
or photoexcitation. Cooperativity may lead to bistability in SCO materials, which is
especially appealing for applications in information storage. The quest for materials
useful for such applications explains the extensive research carried out on SCO
complexes over the last half a century. These research efforts have been dominated by
studies of Fe (II) complexes, which account for ~90% of known SCO compounds
(Cambi, et al.,1931).

It was only in the early 1960s, about three decades after Cambi’s discovery of the
first spin state interconversion in iron (III) complexes, that the SCO phenomenon
was reported to occur also in iron (II) compounds. The first SCO compounds of
iron (IT) described in the literature are [Fe(phen),X,] (phen = 1,10-phenanthroline;
X = NCS, NCSe), frequently called the “classical” iron (II) SCO complexes.
Extensive research activities began thereafter in this area, particularly favored by
the discovery of the Mossbauer effect (recoilless nuclear resonance absorption)
by Rudolf L. Mdssbauer at nearly the same time. This nuclear resonance effect
formed the basis for the development of a new spectroscopic technique, Mossbauer
spectroscopy, for the detection of hyperfine interactions, which turned out to be
extremely powerful for the characterization of iron-containing substances (Giitlich
, etal., 2012; Giitlich, et al., 2013).
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SCO occurs mainly for six-coordinate iron (II) compounds involving the
change of electron configuration t2g"eg° (lAlg, LS) & tzg“eg2 (5T2g, HS). Many review
articles describing the preparation, structure, chemical, and physical properties of
SCO systems of iron (II) have appeared in the literature. Most iron (II) SCO systems
possess an [FeN_] coordination center (Halcrow, et al., 2013; Nihei, et al., 2008; Li,
etal., 2011).

For many years, scientists have been intrigued by the magnetic characteristics
of many substances and materials. It became evident at the start of the 20th century
that these characteristics are the result of coordinated actions at the atomic and
molecular levels. The origin of magnetism and the nature of the chemical bond become
intrinsically intertwined with the advancement of quantum mechanics. It became clear
that the item under study’s magnetic properties depended on the fine structure’s crystal
chemistry peculiarities in the vicinity of atoms with unpaired electrons. This indicates
that before X-ray diffraction analysis became popularity among researchers, the study
of magnetic characteristics developed into a potent method for learning about the
structure of inorganic substances. Scientists and chemists worked together to create
magnetochemistry, a unique area of inorganic and coordination chemistry that has
produced a wealth of information on the connection between an object’s structure and
magnetic characteristics (Weber, et al., 2010; Hilfiger et al., 2010).

Molecular magnetism is a new frontier in magnetochemical research that emerged
from the utilization of magneto-structural correlations mainly for analytical reasons
to the potential to create materials with specified magnetic characteristics. Significant
progress has been made in this area during the last few decades. Molecular organic
ferromagnets emerged, spin-crossover phenomenon was discovered, and investigations
into spintronics and molecular electronics objects were conducted (Oshio, et al., 2000;
Oshio, et al., 2003).

In the field of molecular bistability, spin-crossover (SCO) has been the subject
of much investigation since it was first discovered in 1930 (Anderegg, et al.,1967).
This phenomenon is a changeover between two electronic structures with different
spin states. Ninety percent of known spin-crossover materials are iron (II) complexes.
Complexes comprising d*-d’ transition metal ions now show differences between
low-spin (LS) and high-spin (HS) electronic configurations (Tyeklar, et al.,1993). In
these complexes, donor ligands containing nitrogen are commonly included in the
coordination environment around the iron (II) ion, creating an intermediate ligand field
that is favorable for spin-crossover processes. Variations in pressure, temperature, or
photoexcitation can all cause spin transitions (Shatruk, et al., 2007).

Since the spin transition entails a change in the number of unpaired electrons—which
is particularly noticeable in the case of iron (II) with its four unpaired electrons, where
the low-spin (LS) state displays diamagnetism and the high-spin (HS) state displays
paramagnetism - the main technique for describing spin-crossover (SCO) compounds
is always to measure the magnetic susceptibility as a function of temperature, or  (T).

In the liquid state, for example, the Evans NMR approach is frequently used; in the
solid state, superconducting quantum interference sensors (SQUID, Superconducting
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Quantum Interference Device) or the Faraday method are usually used. Palacio and
associates offer a thorough synopsis of the techniques utilized in magnetochemistry
(Hilfiger, et al., 2010).

The technique depends on determining the proportionate relationship between the
sample’s susceptibility and the fraction of the material in the high-spin state in order to
generate the spin-transition curve. But it’s important to understand that whereas the spin
transfer is a property unique to individual molecules, magnetism applies to the entire
bulk material. The presence of a spin transition cannot be established only by a change
in magnetism (Berlinguette, et al.,2005). The complexes {[Fe(tpma)(u-CN)],} X, are
the focus of the study, where X = C10,— (1a), BF,— (1b); tpma = tris(2-pyridylmethyl)-
amine. The {Fe(tpma)}** building block was reacted with (Bu,N)CN to create these
complexes (Figure 1).

Figure 1.Ligands: A - Tris — (2-pyridylmethyl)amine (tpma); B - Tetrabutylammonium cyanide

The effective basis for inducing spin-crossover (SCO) in iron (II) complexes is
provided by this combination of ligands. The spin-crossover transition in the studied
complexes was the main focus of the investigation.

Materials and methods. The reactions were carried out using Schlenk’s standard
procedures in an inert nitrogen environment. Every reagent was purchased from
Aldrich and used exactly as it was intended.

The synthesis of the complex {[Fe(tpma)(u-CN)],}(ClO,), (1a) was carried out
as follows: Four milliliters of methanol (MeOH) were used to dissolve a mixture of
Fe(ClO,),"6H,O (0.168 g, 0.46 mmol) and tpma (0.134 g, 0.46 mmol). The resulting
transparent yellow solution was added to a solution of (Bu,N)CN (0.124 g, 0.46 mmol)
in 4 ml MeOH gradually while stirring. The solution quickly took on a rich crimson
hue and began to precipitate orange material. The mixture was kept undisturbed for 30
minutes after the reagent addition was finished, after stirring it for 20 minutes. After
filtering and vacuum-drying the orange precipitate, 0.118 g of the compound—or a 55%
yield—were obtained.

Elemental analysis: calculated for Fe,C1,0 N, C H. - (1a:2H20), %: C- 47.48
(47.44); H-3.98 (4.13); N - 14.57 (14.28).

{[Fe(tpma)(u-CN)],}(BF,), (Ib): The synthesis of complex 1b adhered to the
procedure outlined for la, utilizing Fe(BF,),-6H,0 (0.206 g, 0.610 mmol), tpma (0.177
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g, 0.610 mmol), and (Bu,N)CN (0.164 g, 0.610 mmol) as reagents. The resulting
compound yield was 0.144 g (51%).

Elemental analysis produced the subsequent values for FeF ON, C BH,,
(Ib-5H,0), %: C - 47.39 (calculated 47.45); H - 4.29 (calculated 4.13); N - 14.54
(calculated 14.50).

Magnetic Measurements.

A Superconducting Quantum Interference Device (SQUID)-equipped Quantum
Design magnetometer (MPMS-XL) was employed to measure the magnetic susceptibility
of polycrystalline materials, focusing on a series of tetranuclear iron (II) complexes.
The susceptibility was measured across a wide temperature range from 1.8 to 300 K,
using a constant magnetic field of 0.1 T. This range allows the detection of temperature-
dependent phenomena, such as spin crossover behavior, which are key to understanding
the magnetic properties of these materials. Diamagnetic corrections were applied to the
collected data by subtracting diamagnetic adjustments derived from standard tabular
values, which is essential for ensuring the accuracy and clarity of the magnetic results
(Boldog, et al., 2009).

Results and discussion. The study focused on the synthesis of tetranuclear iron
(IT) complexes, denoted as {[Fe(tpma)(u-CN)],} X, , where “tpma” stands for tris(2-
pyridylmethyl)amine, a tetradentate ligand that stabilizes the iron centers. These
complexes were synthesized by adding the tpma ligand to a prepared cyanide fragment,
(Bu4N)CN, resulting in the formation of stable tetranuclear structures. The use of a
single blocking ligand, tpma, allowed for a controlled assembly of the iron centers,
forming the desired polynuclear complexes in crystalline form. Two distinct complexes
were studied in detail: {[Fe(tpma)(n-CN)],}(CIO,), (denoted as 1a) and {[Fe(tpma)(u-
CN)],}(BF,), (denoted as 1b).

Magnetic Properties. The magnetic properties of these complexes were thoroughly
investigated through detailed magnetic susceptibility measurements, which were
performed to gain a comprehensive understanding of the magnetic behavior of the
complexes across arange of temperatures. These measurements are crucial for identifying
how the complexes respond to temperature variations, providing critical insight into
phenomena such as spin crossover—a thermally induced transition between low-spin
and high-spin states. This transition is particularly significant in iron (II) complexes,
where the spin state can dramatically impact the electronic and magnetic properties of
the material.

For this study, dry powder samples of two specific complexes, designated as 1a and
1b, were carefully prepared and subjected to these magnetic susceptibility measurements.
The experimental data obtained are presented in Figure 2, illustrating the temperature-
dependent behavior of two essential parameters: T, which denotes the product of the
molar magnetic susceptibility and the absolute temperature, and yBC, a parameter
specifically related to the dynamics of the spin crossover process. These parameters are
invaluable for interpreting the magnetic behavior of the complexes, providing direct
evidence of the changes in spin states of the iron centers in response to temperature
variations.
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At low temperatures, the results reveal that the complexes predominantly exist in a
low-spin state configuration, which is characterized by relatively low T values. This
indicates that the unpaired electrons in the iron centers are minimized, leading to weaker
overall magnetic interactions. As the temperature increases, a noticeable spin crossover
is observed, shifting the complexes towards high-spin states. This transition is marked
by a gradual increase in T values, reflecting the enhancement of magnetic interactions
due to the higher number of unpaired electrons in the high-spin state. The observed
behavior suggests a gradual and continuous spin crossover, which is a common feature
in polynuclear iron (II) complexes, where the cooperative effects between iron centers
play a significant role in determining the magnetic properties.
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Figure 2. The temperature variation of T and yBC for 1a and 1b complexes, recorded in a consistent
magnetic field of 0.1 T.

The spin-crossover (SCO) for the aqueous samples la and 1b is more sudden and
virtually complete in the case of the former compound, according to the study of the ¥T
vs. T curves. Below 100 K, its T value approaches a plateau of [10.5 emu K mol™'. On
the other hand, below 70 K, the aqueous sample 1b’s ¥T value approaches a plateau of
around 1.2 emu K mol™', suggesting that a considerable amount of the N -coordinated
Fe (II) ions stay in the high-spin (HS) state even at low temperatures. The behavior
of dry samples differs significantly, with the spin-crossover being considerably more
gradual and incomplete at both high and low temperatures. For both 1a and 1b, the dry
sample’s residual low-temperature percentage of HS ions is greater than the watery
sample’s (Shatruk, et al., 2009; Hietsoi, et al., 2014; Kassenova, et al., 2014; Kassenova,
etal., 2014).

Conclusions. The first known example of homoleptically-capped tetranuclear CN-
bridged Fe (II) complexes that exhibit spin-crossover behavior is the {[(tpma)Fe(u-
CN)],} X, series, where X can be ClO,” (1a) or BF,” (1b). Interestingly, unlike typical
dry samples of spin-crossover (SCO) Fe (II) compounds that usually display more
abrupt transitions compared to their solvent-covered counterparts, these complexes
demonstrate the opposite behavior, with more gradual transitions. This unexpected
result may be attributed to the crystallinity of the samples, which could influence
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the spin-crossover process. The study highlights the importance of investigating the
magnetic properties of such materials in both their dry and mother liquor forms to fully
understand their behavior. This distinction could provide insights into designing and
optimizing materials for applications in fields where spin-crossover behavior is critical,
such as molecular switches or memory storage devices.
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Abstract. The primary processes in petrochemistry are pyrolysis, cracking, and
dehydrogenation. The oxidation of light alkanes into basic chemical products is a
priority area of technological development and has a radical impact on the progressive
advancement of modern petrochemistry in this field. The efficiency of the pyrolysis
process can be increased by adding a small amount of oxygen to the feedstock. Partial
oxidation of hydrocarbons results in direct heat release in the reaction zone, accompanied
by the formation of highly active OH- radicals, which significantly enhances the
reactivity of the system. Oxidative dehydrogenation can solve many problems, including
optimizing the problems associated with soot formation. The prioritization of studying
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the dehydrogenation process of oxides is directly linked to the rapidly growing demand
for propylene, whose yield from catalytic cracking and pyrolysis of hydrocarbon
feedstocks is not very high. The increasing demand for olefins (alkenes) encourages
researchers to explore ways to improve existing technologies and develop new, more
efficient catalysts. The traditional method for producing C,-C, olefins (accounting for
more than 95% of total production) is pyrolysis (of saturated hydrocarbon fractions C -
C, and naphtha) and catalytic cracking of hydrocarbon feedstocks (petroleum products).
The second most common method for producing olefins is catalytic dehydrogenation
(DH) of alkanes, using associated petroleum gas, natural gas, and shale gas as
feedstocks. An analysis of scientific publications on oxidative dehydrogenation of
saturated hydrocarbons C -C, into olefins over the past 20 years shows that research
in this area is underdeveloped in Kazakhstan. The synthesized catalyst has significant
practical value in olefin production. In dehydrogenation processes of hydrocarbons, a
secondary process plays an important role. The dehydrogenation of hydrocarbons was
carried out using a mono- or multi-component catalytic system supported on a natural
carrier. The method of effectively utilizing natural clay as a catalyst support has been
studied.

Keywords: hydrocarbon, natural clay, dehydrogenation, olefin, monooxide catalyst.
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AnHoTamus. [Tuponus, KpEeKUHT, ACTUAPIICHY PeaKIUsUIapbl MYHAHXUMUSICHIHBIH
Heri3i Oonbin TaObiIaapl. KeMipcyTeKTi mMKi3aTTapAbIH JKapThUlalk TOTBIFYBI COlKec
TEXHOJIOTHSUTBIK TIPOIIECTEP/Il JKYprizy OapbIChIHIA SHEPTUSMEH KaMTaMachl3 eTyJie
THIMIII OMICTEP/IiH KaTaphlHA >KaTaibl. ba3anblk XUMUSIBIK OHIMAEpPTre NEHiH JKEHIT
ANKaHJAPIBIH TOTHIFA alHAIYBl TEXHOJOTHSUIBIK TYPFBIIAH JaMyda OachIMIBLIBIFBI
JKOFaphl JKOHE 3aMaHayd MYHAHXWMUSCBIHBIH paJUKaNIbl TYplle OCHI canaja
IIPOrPECCUBTI AaMybiHa ocep erexi. [lukizaTka a3 MeepAeri OTTEriHI KOCY apKbLIbl
MUPOJIN3 MPOLECIHIH OHIMIUTITIH apTThIpyFa Oonaapl. KeMipcyTekrepiH skapThiiai
TOTBIFYBI HOTIIKECIH/IE PEaKITusl aifMaFbIHIa TiKeNeH JKbUTY IIbIFapy, ote 6encenni OH-
paguKaIIaphIHBIH MMakiaa 00TybIMEH Oipre Kypei, )KYHEeHIH peaKITUsITBIK OSICeHTUTITIH
KYPT apTThipaabl. TOTBIFa EeruapiaeHy KONTereH MocemeNep i Menryre, COHbIH ITiHIe
KYHeHiH Ty3llyiHe OailaHBICTBI MoceleNiepl OHTalIaHABIpyFa MYMKIHAIK Oepeni.
ToreiFa neruapiacHy MPOLECIH 3ePTTEYHiH 0aChIMIBLUIBIFBI MPOMNIIECHTEe CYPAHBICTHIH
TE3 YIFAloblHA TiKeNel OalIaHbICThl, OHBIH HIBIFBIMBI KOMIPCYTEKTi IIHKi3aTTHIH
KaTaJIMTHKAJIBIK KPEKUHT YKOHE MTUPOJIU3/IE aca KOFaphl eMecC.

KewmipcyTekTepre ecim kene >KaTKaH CYPaHBIC 3EPTTEYIIUIEPIi KOJITAHBICTAFBI
TEXHOJIOTHSITAP/IBI JKAKCapTy JKOHE JKaHa, THIMl KaTalu3aTropiap jkacay >KOJIapblH
AHBIKTAyFa OKEINIIl OTBIP. C,-C, oneduHACPAI aNyAbIH ASCTYpMi omici (OHIIpICTiH
Kanmel KeneMmiHiH 95%-nan acrambl) nuponu3 (C-C, KaHBIKKaH KOMipCyTeKTEpIiH
¢bpakuusutapel, HadTa) OJKOHE KOMIpPCYTEeK IIMKI3aThIHBIH (MyHail eHiMzaepi)
KaTaJIMTUKAJIBIK KPEKUHT1 00J1bIN Ta0bLIa bl OaehuHaep Il aTy/IbIH SKIHIII KeH TaparaH
97IiCi - iyTecIie MyHal ra3bl, TAOUFH T'a3 KOHE TAKTaTaC Ta3bl MIUKI3aT PETIHAC OPEKET ETCTIH
aNKaHmapael KaTanuTukanelk aeruapney () 6ombm tadbutamer. Conrsr 20 Kpuiaa
C,-C, KaHBIKKaH KOMIPCyTEKTEP/I OJe(pUHAEPre TOThIFa JETUAPIEHyre OalIaHbICThI
FBUIBIMU  KapUsUTAHBIMIAPAbl Tanaay OapbichiHAa Kasakcranga ocbkl  OarbiTTa
3epTTeyJIep KYPri3ulil jKaTKaHbIH KepceTTi. CUHTE3/IeIreH KaTanu3artop ojiepuHaep
ajyJia YJIKCH KOJIZaHOalbl KbI3bIFYIIBUIBIK KepceTei. KeMipcyTekTepaiH AeruapieHy
MPOIIECTEPiHIE KOCATKBl TIPOIECC MAaHBI3ABl OpBIH anmansl. KeMipcyTeKkTepmid
JETUPIICHY TPOIeci TAOUFU TaChIMAJIAFBIIKA KOHIABIPHUTFAH MOHOKOITKOMITOHEHTTI
KaTaIUTUKAJIBIK JKYWene Kyprizinmi. KaramuzaropiplH TachIMalJaFbIINIbl  PETIHIIE
TaOUFU Ca30aJIIIBIKTBI THIM/II A AaIaHyIbIH SiC1 3epTTEII].

Tyiiin ce3mep: kemMipcyTek, TAOUFU Ca30aIIBIK, JCTHAPIICY, OJe(UH, MOHOOKCU/ITI
KaTaiu3arop.
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Annotanusi. OCHOBHBIMH TpoIleccaMy HE(PTEXUMHH SIBISFOTCS TUPOITU3, KPEKUHT
n neruapuposanue. OKUCICHHE JIETKUX alKaHOB B 0a30Bble XUMHYECKHE TPOTYKTHI
CUMTAETCS] TIPUOPUTETHBIM HAINpPaBIEHUEM TEXHOJIOTMYECKOTO Pa3BUTHS M OKa3bIBAET
CYIIECTBEHHOE BIHSHHE Ha MPOTPECCUBHOE PA3BUTHE COBPEMEHHOW HEPTEXUMUH.
[Ipon3BoaNUTENBHOCTH TpOIIecca MUPOIN3a MOKHO TTOBBICUTH, JOOABHB K UCXOJAHOMY
CBIPBIO HEOOJIBIIIOE KOMMUYECTBO Kucioposa. [lapnuansHoe OKUCIeHHe yIIIeBOJOPOI0B
obecrieunBaeT IMPsAMOE BbIJENCHHE TeIUIa B 30HE peakuuu u o0pa3oBaHME
BBICOKOAKTUBHBIX pajukanoB OH-, 4TO 3HAaYMTENBHO YBETUYHMBAET PEAKIMOHHYIO
CHOCOOHOCTH cUCTeMbI. OKUCINTENBbHOE ASTHAPUPOBAHKE TTO3BOJIET PEIIUTH MHOTHE
poOJemMbl, B TOM YHCII€ ONTHUMH3UPOBATH MPOOIEMBI, CBsI3aHHBIE C 00pa3oBaHUEM
caxu. [IpuoputeTHoe u3ydeHue npouecca JETUAPUPOBAHMS CBSI3aHO C PacTyLIUM
CIPOCOM Ha IMPOMUIEH, BBIXOJ KOTOPOTO MPH KaTAIUTHYECKOM KPEKHWHTE M MHPOJIH3e
YTJIEBOJIOPOHOTO CHIPbS OCTAETCS HEBBICOKHM.

Pactymuii cripoc Ha oneduHbI (a1KEHBI) CTUMYIMpPYET pa3paboTKy HOBBIX, Ooliee
9 PEKTUBHBIX KaTaJIH3aTOPOB M COBEPIICHCTBOBAHHE CYIIECTBYIOIIMX TEXHOJIOTHH.
TpamuumnonusiM MeTosoM Ttonyuenus onedunos C,-C, (6onee 95% ot obuero oobema
IPOU3BO/ICTBA) ABJIAKOTCA MUPOK3 (MpenenbHbix yrieBogoponos C,-C, u HadThl) 1
KaTaJIMTUYECKUH KPEKHHT YIJIEBOAOPOTHOTO CHIPhsi (HEPTENpomyKToB). BTophiM 1o
pacipoCTpaHEHHOCTH METOJIOM SBIISieTCS Katanutuueckoe neruapuposanue ()
QJIKaHOB, TJIc B KQYECTBE CHIPhsI UCIIONB3YIOTCS TIONYTHBIN HEPTSHOU a3, MPUPOAHBIH
ra3 W CIaHIEeBBIN ra3. AHaNM3 HAay4YHbIX MyOIHMKanuii 3a mocnennue 20 JeT mo teme
OKHCJIUTENIBHOTO JIETHIPUPOBAHUS TIPENEbHbIX yraeBopoponos C -C, B onedunbl
[I0Ka3ajl, YTO MCCIIE[IOBAHUS B 3TOM HampasieHuM B KazaxcTane pa3BUTBI XOpOLLO.
CUHTE3UpOBaHHbBIC KATAJIM3aTOPbl UMEIOT 3HAYUTENbHBIA MPAKTUISCKHI HHTEPEC IS
npou3BojcTBa oneduHOB. B mporeccax aernapupoBaHUsl YIIEBOJOPOIOB BaXKHYIO
PO UrpaeT BTOPUYHBIN Ipouecc. JlernapupoBaHue yrieBOJOPOIOB MPOBOAMIOCH
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Ha OCHOBC MOHO- MJIM MHOI'OKOMIIOHCHTHBLIX KaTaJIUTHYCCKHX CHUCTCM, HAHCCCHHBIX
Ha OpUpPOAHOM HOCHUTCIIC. B xozxe I/ICCJ'ICI[OBaHI/Iﬁ OBLI H3y4YCH MCTON 3(1)(1)CKTI/IBHOFO
HCIIOJIb30BaHUA HpHpOI[HOfI TJIMHBI B KAYCCTBC HOCUTECIIA KaTaJM3aropa.

KiioueBble cjioBa: yIIeBoaopod, MmpupoaHas INInMHA, ACTUAPHUPOBAHUC, Oﬂe(i)I/IH,
MOHOOKCHI[HBIfI KaTajan3aTrop.

Kipicne. KemipcyTekTepai KaTaTuTHKAIBIK TOTBIKTBIPA JETUAPICYIIH OHEPKICIITIK
MaHbI3bI JKOFapbel. MoHooneuuaepaeH OyTaaneH, U30MPEH KOHE aKPOJIECHH alyAblH
JKOFapbl TaJFaMabl TpoLecTepi o3ipieHreH. ReMipcyTeKkTepai TOTHIKThIpa ACTHApICY
apKbUIBl KaliTa OHAEY KOI 3epTTeNMereH. AJIKEHAepre KaparaHaa alKaHAapIbIH
oneduHACpPre TalFaMIbUIBIFBI TOMEH OOJbIl  Keledi, ce0edi  amkaHaapabiH
peaxnuara KaOuneTTuiri ere Hamap GonybiHaa. Kasipri yakpITTa ajnkaH MAPOJIU3iHIH
TUIMIUTICIH ~ apTTBIPYABIH  MaHBI3ABl OaFbIThl KaTaJUTHKAJBIK MHPOIHU3  OOJNBII
tabbutanel (Heracleous, et al, 2004; Macanumosa, 2019; Shorayeva, Massalimova,et
al, 2020). Peakuusi TemmepaTypacblH TOMEHIETYre, MakcaTThl eHiMmzep OOWbIHIIA
TaNFaMIbUIBIKTBl apTTHIPYFa, Kyie TY3UIyiH TOMEHIETYTre KoHe MUPOIM3IiH IIUKi3aT
0a3achlH KeHEUTyre MyMKIiHJIIK OepeTiH OIpTeKTi )KoHe reTepOreH/Ii KaTaln3aTopiapasl
OeJicen i 3epTTey JKYMbICTaphl KApPKBIHIIBI KYPil skaTbIp. [Ipomecc TemmneparypachlHbIH
TOMEH/IEYl OHBI XKY3€re achlpy YIIiH SHEprus IIbIFBIHBIHBIH TOMEHJICYiHE OKeJemi,
COHBIMEH KaTap KOCaJKbl peakiusiapabl Texenai. Kaszipri yakeiTTa 0chl mpouecTepi
XKY3€ere achlpy YILUiH KaTaIWTHKAJIbIK PEaKUUsUIapAbl KOJNAAaHYIBIH OajaMachl JKOK.
lereporenni karanmzaropnap €H OHTaiiabl Oojibin TaObuanel. KenrereH FhUIBIMH
KYMBICTap/ia OHIMAEPIiH MIBIFy NPOLECTepiH KaTalu3aeyre, Kylie KoHe peakUUsHbIH
KaHama eHIMIEPiHIH Ty3inyiH Texxeyre kaOimerti 3attap 3eprrenreH (Fang, et al,
2014). CoHObIKTaH, YCHIHBUIBIN OTBIPFAH JKYMBICTA KAaHBIKKAH KOMIipCYTEKTEpIiH
TOTBIFa JETUAPICHY MpPOLECi arblHAbl KOHABIPFBIAA, PEAKLUSHBIH TEXHOJIOTHSUIBIK,
napameTpliapblH ©3repTe OTHIPBIN KYpri3inai. KemipcyTekTep KocnachbHbIH ACTHAPICHY
MpOIeCiHe TeMIepaTypaHblH, KaTadu3aTOpIblH KYPaMBIHBIH dcepi 3epTTenmi.
OneOHeTTiK Iomynapia MponaH-OyTaHAbl KocmajnaH oneduH anyra OaiaHbICTHI
XKYMBICTap oTe a3 ke3neceni (3akymbaena, 2013; Shorayeva, et al, 2020; Shorayeva,
et al, 2021). ConnpIKTaH, OCHI )KYMBICTa TIPONIAH-OyTaH KOCHACHIH JETUAPIIEY apKbLIbl
TaOuFy ca30aIIbIKKa KOHBIPBUIFAH MOHOOKCH/TI KaTallu3aTOPIbIH OeICEeH I
3epTTEIIi.

Onedpunnepre (amkeHgepre) ocim Kejle JKaTKaH CYpaHbIC 3epTTeyLIliepai
KOJIIAHBICTAFbl TEXHOJOTUSUIApAbl JKaKCcapTy JKOHE >KaHa, THIMAl KaTaau3aropliap
JKacay JKOIJapblH aHblKTayra okenin oteip. C,-C, oneduupepai amyablH ASCTYpIi
omici (eHAIpICTIH KaiIbl KeyueMiHiH 95%-aH acTambl) MUPOJIH3 (C,-C, xaHbIKKaH
KeMIpcyTeKTepiH (pakuusiapbl, HaQTa) >KOHE KOMIpCyTeK IIMKi3aThIHBIH (MyHai
OHIMZEpl) KaTalUTUKANBIK KPEeKHHT1 Oombim TaObutaabl. Onedunmep xXumus
OHEPKaCiOIHe ToNIMMepIIep, dIacTOMepiIep JKoHe Oarajbl XUMUSUIBIK 3aTTapAblH KEeH
CIEKTPIH aly YIIIH KEHIHEH KOJNJaHbUIaAbl (MbICAJbl, 3THUJICHIJIMKONIb, AKPOJICHH,
MeTH YiHminik Oytun s¢upi). Onedunaepni aayaslH eKiHIII KeH TaparaH dfici -
inecrie MyHali Ta3bl, TAOUFU ra3 j)KOHE TAKTaTac rasbl MIMKi3aT PETiHAE 9PEKeT eTEeTiH
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aJIKaHJap/bl KaTaJTUTHKAIBIK Aeruapiey oonbin Tadbuiansl (Heracleous, et al, 2010;
Bonnapesa, et al, 2017).

Conrpr 20 xbuma C-C, KaHBIKKaH KOMIpCYTEKTepai onepHMHIEpre TOThIFa
JerupieHyre OaiaHbICThl FBUIBIMH SKapUsUIaHBIMAApABl Tajjay OapbIChIHIA
Kazakcranna ocel OarbITTa 3epTTEyJep i [ 9JCi3 JKYPri3iin KaTKaHbIH KOPCETTI.
Karanuzaropnapasl o3ipney Ooiibinimna Herisri 3eprreynep AKII-ta, 'epmanusina,
Peceiine, Kamonmsiga >xy3ere achlpbuiafbl, Oipak MHIOTTBHIK KOHE TIKIPUOETIK-
OHEPKACINTIK Ke3eHIepre >KeTKI3UIreH eneyii FhUIBIMU d3ipieMesep oJli JKeTKUTIKCI3
Ooubinl TabbUIAABI. OHEPKACINTIH oneduHAEpre AereH KaXeTTUIiriHiH TYpakThl ecyi,
Oip karblHaH, oJIEMJEri €H YJIKeH TaOuru ra3 Kopiapbl, eKinmi xarbiHaH, C-—C,
KOMIPCYTEKTEPiHIH TOTBIKTBIPA ACTHAPICY MPOLECi YIKEH KbI3BIFYIIBUIBIK TYAbIPabl
(Lemonidou, et al, 2001). TexHomorusi TaOuFu ra3 HETI3iHJAE ATHIICH, MPOMHICHI
XKoHe Oacka eHiMmzepai (MeTaHoN, (OpManbIeruja) anydblH Oacka MpoLecTepiMeH
CaJIBICTBIPFaHa THIMAIPEK O0JbIN TaObuTaabl. CHHTE3/ICNTeH KaTaau3arop oneduHaep
ayaa YJIKeH KoiJaHOanbl KbI3BIFYIIBUIBIK KepceTeai. KemipcyTekTepaiH neruapieHy
npouectepinge C -C, KOMIpCyTeKTep Ty3ille KYPETIH KPEKHUHI CHAKTBI apasblK
nporectiH MaHb3bl 30p. COHBIMEH Karap, KOMIpTeKTiH OeiiHyiHEeH KaTanau3aTop
0eTi KeMipIeHIN, KaTraau3aTopJblH OeJCeHAUTIrl TeMeHael . bacTamkel mmkizaT
peTinae MoZeNbAli KOMIpCYTeKTep/i, OHbIH IilIHAe HM300yTaH, MPOMAaHABI KOJJAHY,
ra3Tapizzii KeMipcyTeKTep KOCHachblHaH oJap/Abl 06l ay YIIiH apHaiibl 9gicTep KaKeT
Oonaznpl. OcbiFaH OalIaHBICTBl YKOHOMUKAIBIK TYPFBIAAH alfaHia KeMipCyTeKTepIi
JeTUIpiiey IpoLeci THIMI. ¥ CBIHBUIBIN OTBIPFaH FHUIBIMU JKYMBICTa KOMIPCYTEKTEPIiH
JETUIPIICHY MPOLeci TaOUFH TaChIMAIAAFbIIKa KOHIBIPBUIFAH MOHOKOIIKOMIIOHEHTTI
KaTaJUTHKAJIBIK Kyhene xyprizinmi. KemipcyTek KocmachlHBIH TaOMFH Ca30ajIIbIK
HeTi31HJe KypbhUIFaH OKCH/TI KaTaJu3aTopiapAa skapThliail TOTHIFYbI OipHele OarbITTa
KYPETiH KaTaJUTHKAJbIK Ipolecke karaabl. Kem OarbITThl peakius OONFaHAbIKTaH
optypdi 3artap ty3ineai (Macanumosa, 2019).

MarepuaJjgap MeH Heri3ri agicrep.

Kewmipcytekri (KC) kocnanan KypaMmbIHIa onepuHiepi 0ap KOCBUTBICTBI ACTHAPICHY
Ipoleci apKpUIbl aly YLIIH KBapUThl TYTIKTI peakTopAa, arMocgepasblK KbIChIMIa
aFbIHJBI KOHABIPFbIIA TOXKIprOenep Kyprizinai. Jernapneny npouecin xyprisy yiiiH
Keleci ra3 Kocmajlapbl: KeMmipcyTeK Ta3 OajUIOHHaH, ayaJarbl OTTeri, MHEpTTi Tra3
(Ar) KaThICybIMEH OHE KAaTBICYBIHCBI3 KOJIJaHbULAbI. KaHBIKKaH KeMipcyTeKTepaiH
TOTBIFa JCTHIPICHY MPOLECIHAE KaTaau3aTOpAbIH KaTalu3OiK OesceHIuTirin
3eprTey OOMBIHINIA >KacalblHFaH SKCIIEPHUMEHTTEP AarblHABI-KaTalu3liK KOHIBIPFbIIA
xyprizinai (MacanumoBa B.K. xone T.0., 2024). AfbIHOB KOHIBIPFBI YII HETi3Ti
OeJliKTeH KypaiFaH: OacTamnKbl ra3 KOCMAChIH AalbIH/AY, aFbIHABI THITET] KaTalu3IiK
KBapll PEakToOpbl KOHE Tazdapabl TajgayFa apHailfaH Xpomarorpad. O3ipieHreH
KaTaau3aTtopiapAblH OeJICeHAUIITiH aHbIKTay Ke3iHAe PeaKTOPIBIH TeMIIepaTypachl
300-men 600°C apanbirpinaa 3eprrengi. Karanuzatopapl maibiHAay YIOiH OJapIbIH
CyZlaFbl TY3/IapbIHBIH EPITIHIICpIH CiHIpY oici OOWBIHIIA TaOWUFU Ca30aIIbIFbIHA
KOHIBIpBUIABL.  JlaliblHmanFaH yiArizep KyWZIpLainm, OKCHKaTopAa CaKTaJbIHIBI
(MacanumoBa, 2019). Xpomarorpadusuislk Tangaynsl xyprizy «Agilent Technologies
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6890N» (AKIL) xpomarorpadsl apkbuisl )ypriziaai (Macanumosa, 2019; Tungatarova,
et al, 2019).

Taburu ca30aimbIKKa KOHABIPBUIFAH XPOM HETi3l KaTalau3aTop KYPBUIBIN, OHBIH
Kacuertepi 3eprrenai. Kazakcranma TaOuru ca30aIUbIKTapblH KONTereH Typliepi
Oap. Taburu ca30aMIBIKTAPBIH KATAIUTUKAIBIK OCJICCHIIIIT, KYPBUIBIMIIBIK
KacueTTepi Typajbl MOJIIMETTep OTAaHIBIK JKOHE IMIETENIK FajJbIMAAPIbIH FBHUIBIMH
3epTTeyiepine xapusuianral (Shorayeva, et al, 2020; Shorayeva, et al, 2021). Taburu
TaCBIMAJIAFBIITAP OHJCY TEXHOJOTHSCHl KaFblHAH THIMII KOHE KOJIAHJIBI OONbI
keneni. Kenreren kataluTHKaJIbIK MPOLECTEPAIH ©31HIIK KYHBIH JKOFapbUIaTy YLIIH
TaOUFH ca30alIIbIKThl TACBIMAIIAAFBIII HETi31HAET1 KaTann3aTopiaapasl KOJIAaHy ©3eKTi
cypakTap/bH 0ipi 6osbin TabbuIankl (Vernikovskaya, et al, 2011; Macanumona, 2019).

FoutbiMu  oneOuer ke3nmepiHe CyHEHCEK, XpOMKYpamIbl —KaTaau3aTopiapbl
JaibIHAaYIBIH opTYpIli ouicTepi kepcetiiren (Heracleous, et al, 2004; Heracleous, et
al, 2005; [Tetpos, et al, 2009; Iletpos, et al, 2009) xoHe T.0.

Karanuzarop gaiibraay ke3iH/1e KOJIaHbUIATBIH O1CTEPIiH 011 BUTFaJl ChIMBIMIBLTBIK
apkbutel  ciHaipy. Ocbl omicTiH 0acThl apTHIKUIBUIBIKTAPBl KapanaibIMIbIIBIFbL,
ayKbIMABUIBIFBI KOHE OEJICeHI KOMIIOHEHTTIH OipKeNKi Tapaylybl )KOHE OHBI JKOFaphl
JUCIIEPCTI KYWHAE TYpakTaHIblpy €ceOiHeH aKTHBTLNIr >KOFaphl, JKYMBIC jKacay
Mep3iMi TypaKThl OOJIBIN KEJIETiH KaTaau3aTopiaapasl aly MYMKIHZIIrIH aiTyFa 6omausl
(Jesper, et al, 2014). Cunukareib, alFOMUHUE OKCHIITEPI, IIMPKOHUHN TUOKCHII, TUTAH
JUOKCHATEPIH TachIMaNJarblll peTiHAae KapacTelpyra Oonanel. JKorapeima aranran
KYWEIEepAIH KaTaJIUTUKAIBIK aKTUBTUIIM HETI3IHEH TachIMAJIJAFbIIl CHUIIAThIHA,
Oencenai komnoHeHTTiH (CrOX) MediuepiHe, KaTaJUTUKAIBIK KyHenepai anablH-ana
OHJICY TIPOIIECTEPiHE TiKeJIeH OailyIaHBICTHI.

FoutbiMu  onmebuertepae XpoM OKCHIIHIH i3amiapiapel peTiHAE 3epTTeyiep
xypriziiren (ApytioHos, et al, 2012; Heracleous, et al, 2004; Iletpos, et al, 2009;
Heracleous, et al, 004; Iletpos, et al, 2009). OpTypai TacbIManAaFbILITAPABIH CIHIIPY
Ke3iHJe KYpaMbIHIa XpOM Oap MpeKypcopiapAblH e3apa opeKeTTecy CUMaThl OCTiHIH
OpTYPAi QYHKIMOHAIABIK KaCHETTEpiHe OalNIaHBICTBI OPTYPIi OOIybl MYMKiH. XpoM
OKCH/Ii KYPBUIBIMIapbIMeH OeTiH >kal0y/IbIH TOMEH KOHE OpTallla IopeKeciHae KonTereH
TaChIMAJIAFBIITAP OTTETiHIH TeTpadapiik kKoopauHauumsiceiHaa Cr(VI) wuonmapsr
TYPiHIETI XpOMABI TYpPaKTaHABIPYFa KOMEKTECEAl, al >KOFapbl AJpekene XpoM
KochuibicTapbinbiH (0-Cr,0,) kenemi daszanapel Kaneimracansl. (Jesper, et al,2014)
KYMBICTa METaIAap MEH METaJJI OKCHUATEPIHIET )KEeHUT alIKaHAapAblH KaTaluTHKAIIBIK
JETUIPIICHYIH KOPCETEeTiH 3epTTey KYPri3iireH. Opoip KaTaJUTHUKANbIK JXKyle YLIiH
OeJICeH I OPTANBIKTAP/IbIH epeKIille TaOUFaThl, COHAM-aK KaTau3aToOPAbIH OHIMIUIIT]
MEH KbI3MET €Ty MEp3iMiH aHbIKTay YIIiH TachIMaJJaFbILTHIH, TPOMOTOPIApAbIH
KOHE IIUKI3aTThIH 9cepi CHAKTHI THICTI (hakTopiap TalKbUIaHFaH. 3epTTey peaxius
MEXaHM3Mi, JEe3aKTHBALUs KOJNAApbl JKOHE KATAINTHKAJBIK CHIIATTaMalapsbl
OObIHIIIA OPTYPIIl KaTajau3aropiiap CalbICThIpbUIFaH. Jlernapney Ke3eHiHIH Y3aKThIFbI
PEeaKIMAHBIH YHAOTEPMHSIIBIK CUIIaThIHA OaiIaHBICTHI TE€3 TOMEHJEHTIH KaTaau3arop
KaOaThIHBIH JKbUTY CHIHBIMABUIBIFBIHA OalIaHBICTBUIBIFBI AHBIKTAJIFAH.

Kypambinna mamamen 6 mac.% OonaTelH XpoM koHe Kanuid memuepid (1,8 mac.%
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Jeiiin), OIpTiHAeN KOFapbliaTa OTBHIPBII, TaMMa-aTIOMUHHUN OKCHIiHE KOHIBIPBUIFaH
XpOM OKCHJII HETi3iHzeri Aeruapiey KaTaau3aropiapbl AalbIHAAJBII KoHE OipHelle
oflicTep apKbUIBI XMMHUSUIBIK Tangaynap skypriziired. [Ipomanusiy 813 K neruapney
peaKIMACBIHAAFBl YATUIEPAiH KaTalUTHKAJIbIK OpPEKeTi, Kalui KOCHACBIHBIH acepi
3eprrengi (Rombi, et al, 2003). TackiMangarsIliKa i3ammap peTiHie XpoM OKCHII Hemece
aMMOHHMI OMXpOMaT/XpOMaTThl KOJIaHY THIM1, ©TKEH1 XpOMHBIH TYPaKTaHYbI CIHAIPY
CaTBICBIH/A OH 3apsATAlIFaH TaMMa-aJFOMUHUI OKCHIIHIH OCTiH/Ie Tepic 3apsTaiFaH
i3a1map aHMOHAAP/ABIH aacopOuuscel apkeLibl xkypeni ([lerpos, et al, 2009).

XKymeicta (ApyTIOHOB, et al, 2012; Jesper, et al, 2014) xpoM Heri3/i KaTaluTHKAIBIK
XKYHe KacueTTepiHe TeMreparypa, aTMocgepa CUSKThl TePMUSIIBIK OHACY JKaFIainapsl
ocep ereni. (Apytionos, et al, 2012; Fang, et al, 2015) xymbicTa KypamblHAa
13,2 mac.% xpoMm Memiuepi Oap XpoM-alIOMHHUN KaTajau3aTropiapbl a3oT >KOHE
OTTEKKYpaMIbl KOCHaJaplIblH KaTbICybIHIA OPTYpJIl TemIeparypaia JalblHIalFaH
KOHE OJapAblH MOPQOJIOTUSIIBIK KYPBUIBIM 3epTTenreH. KaTamuTukanblk KyHeHi
JaibiHaay Ke3iHAeri KYHAIpy TeMIlepaTypachlH >KOFapbUIaTy apKbLIbl XPOMHBIH AJIThI
BaJICHTT1 KATHOHBIHBIHBIH YJI€Ci TOMEHAETEH, KOJIIaHbUIATBIH a30T KOHE OTTEKKYPaM/IbI
KocnanapAblH KaThICybIHIAFbl ©HJACY TYpiHE KapamacTaH, KaTalu3aTopiaplarbl
anbahxpom okcuninin (0-Cr,0,) MaccanblK YIECIHIH JKOFapbUIaybl AHLIKTAIFAH.
Karanurukanelk kyienepai Oipael Temmeparypaia KyHaiprenue, KypaMmblHIa OTTeri
0ap KocmajapMeH caJbICThIpFaHAa HHEPTTI opTaja KyHaipyie XpOMHBIH ajbIT BAJICHTTI
KaTHOHBIHBIH YJIECi KOFapbl OOJNbI, ajl KocHaJarbl OTTETi MeJIIIEPiH >KOFaphliarca,
KaTaau3aTropiiapAarbl XpOMHBIH aJIThl BAJIEHTTI KATHOHBIHBIH YJIeCi JKOFapblIaraH.

ABToprap TaceIManiarbi OeTiHe KOHABIPbUFaH xpoM okcuminin (CrO,) Herisri
Oemnirinin bigpipaybl 450 °C TemmepaTypara JIeWiH, al TacbIMajJarbill OeTiMeH
OpEKEeTTeCeTIH XpoMarTap MEH MOJMXPOMATTApAblH XPOMHBIH aiThl BaJCHTTI
okcuzine (Cr,0,) aliHaybl YIIiH )KOFapbl TEMIIEPATYPA KAKET EKEHIH aTall KOPCETKEH.
Wzo0yTtannel geruzapieyne a3or xkoHe 15% orreri/azor armocdepaceinga 450 °C
Temreparypaga KyHIipiireH karajau3aropiiap, coHAai-ak Kypambiaaa 10, 15 sxoHe
21% otreri 6ap orreri/azor armocdepaceiHga 760 °C Temmeparypaia KyWIipiuireH
KaTaJIMTHKAJBIK Kylienep 3eprrenared. Xpom katnonsl (Cr®)" yieciHiH )oFapbuiayblHAH
n300yTaH alfHaJIBIM MOJLIEpi IaMalbl FaHa apTaabl (maMmameH 4,5%) skoHe n300yTaH 1Bl
kpekuHr eHiMepiHiH (C,-C, KoMipCyTEKTEP) KIHE KOKC IIBIFHIMBIHBIH CaJIbICTBIPMAJIBI
typae 30% xorapbiiaybl kepcerinreH. Kocankpl eHIMIep MIBIFBIMBIHBIH apTybl Cré*
MeJIIIEPiHIH KOFapblIay bIMEH KaTaJIN3aTOPIaP IbIH KbIIKBLUIIbIF BIHBIH KOFapbLIay IMEH
OaiimaHpICTBl 00MNBl. TepMUSIIBIK OHJCY KaFAaiiapbl, KOJIJAHBUIATHIH i3aIIapiIapIbiH
TYpli XpOM KYHiHE >KOHE XpOMIbI KYPaWTBhIH KaTalu3aToplapiblH KaTaJHTHKAJIBIK
KacueTTepiHe ocep eTedi. XpoM OKCHIIHIH i3amapiapblH TaHAdy TachbIMaJAaFbIll
OetiHiH cumaTbiHa OaimanbicThl 00yhl kepek (Iletpos, et al, 2009; Stoczynski, et al,
2011; ApyTioHos, et al, 2012).

Hoatuxenepi.

KemipcyTektepai onedunaepre MACWiH Jerujpiey MpoIeciHe KOJJaHbUIFaH
KaTaau3aTopbl alxy YIIH TachIMaJJaFbIIITHl XPOMHBIH Cyla epirill KOCHUIBICBIMEH
CiHipy omici apkpUibl mavbiHnanael (PefimOaes, et al, 2024). CunTe3nenin albiHFaH
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KaTanu3arop KenTipimim, xydmipingi. Kenrtipy mpoueci kentiprim mkadra 200 °C
Temreparypaia 2 carar Ooibl, Kyinipy mpoueci mydensai nemre 500 °C 2 carar
00iibl ycTanapl. 3epTTeyre TaHIANbIN aJbIHFAH TAOUFU TAChIMAJAAFBIIITHIH MEHIIIKTI
Oerrik aymanbl 31,2 mM*1, keyek keiemi 5 HM kepcerti. Karammzarop naibiHzay
YIIH anablH-ana TaOWFM TachIMAJAAFBILITBHIH bUIFAI CHIHBIMIBUIBIFBL €CENTeTiHII.
Kypambinna xpom Mmertansl Oap xpoM HUTparel epitinmicin (10 min) angsiH-ana
OHJICNTEH TaOWFU TaChIMANJAFbIIIKA KOCHIN, OJapibl apajacThIPBIN, OCNTieHreH
OesiMe TeMIepaTypachlHa CiHIpy IpOLEci KYPri3iiai. AJbIHFAH KOCIAaHbI apanacTbipa
OTBIPBIN Cy MOHIIACBIHAA OynaHnabipansl. JlaiibiH OonraH Karaau3aTopAbl KEMTipriml
mkadra Kenripin, Mydenbai nemTe KyHaipin, OIoKCKe Callblll, 9KCUKaTopa CaKTalIbl.
KemipcyTek Kocmackl MEH OTTeriieH oneuH anxy YIIiH aFbIHIbl KBApUTHI TYTIKTI
peaxkTopra KaTauu3aTopiAbl canajbl, pEaKTOpFa 3epTITeyre alblHFaH pPEeaKLHUSIIbIK
kocmanbl C,-C:0,: N =7:1:4 KOJEeMJIIK KaThlHACTa OTKi3e[i. bacTamkel peakiusIbIK
KOCHAaHbIH KOJEeMIIK  KbUIAAMIBIFBI aBTOMATThl TYpPAE PETTENIN  OTBIPabL.
KemipcyTekrepain onedunaepre aeruapiaeny npoueci armochepaiblk Kpicbivaa, 750
car! KeIMemiK JKbUIIaMIbIKTa, Temreparypanbl opoip 50 °C jkorapbuiata OTBIPBII
350-600 °C temneparypa apaibIFbIHIA XKYpri3ingi. Peakuus 2 carat O0#bI Kypriziiai.
Ocol mpouecte onedunaepaen 6acka, cyreri men CO, i31€epi KoHe OTTEKKypamac
OpTaHUKaJBIK KOCBUIBICTAp Aa TY31nai. Peakus sxaraaiibiHa OaiilaHbICThl KOMIpCYTEK
KOCHIAChIHBIH ayaJgarbl OTTEriMEeH JICTHIpJICHYIHIE TeMmIeparypara OaiaHbICThI
alfHAJILIMHBIH MMalbI3IbIK MeIepi ecenteni (3-cyper).

Cyper 3 — KemipcyTek KOCTIaCBIHBIH JeTHAPICHYIH/E alfHAIBIMHBIH PEAKIs TeMIIEpaTypachiHa
Toyenainiri. Peakuns xarnaiier: KC:ayamgarsr orreri=150mmn/mun: 100Mmn/mMun. 1%Cr/TCB.

3-cypeTTe KepceTinreHnel, KeMipcyTeK KOCHACBIHBIH JETHAPIICHYiIHE KOJJa-
veuTFaH 1%Cr/TCh katanu3atopbIHBIH OacTarKbl KOCIa aliHAIBIMBI TEMITEPaTypaHbIH
JKOFapblIayblHA OalJIaHBICTBI apTafbl. |achIMAIAFBIMITEIH KEYeKTI KYPBUIBIMBI
KaTaau3aTop/blH OelceHi alMakTapblHIa KOMIpCYTETiHIH BbIIbIpayblHA Kelepri
yKacai b, 6acTanKbl KOCBUIBICTHIH aifHAJIBIMBIH TOMEHICTE/I1, KaTaIn3aTOPIbI KOJIJaHy
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OapbIChIHA KOKCTiH Kem Medjmepae Tys3iunyine okeneni. COHIBIKTaH, OCHI ©3€KTi
MOCEJICHIH THIMJII HeMece OallaMaibl MIeIliMi peTiHAe TaOWFH TachIMaJIaFbIlIKa
Konaiinel Oencenni (a3aHbl KOHABIPY apKbUIbl TaOWFH ca30aIIbIKTapAbl Mainanany
kaxeT (MacaniumoBa, 2019). 3epTTeyni KOpbITHIHABLIIAN Kelle, KONTEreH FalbIMIapAbIH
aca YJKEH KbI3BIFYIIBUIBIFBIH TYIOBIPBIT OTBIPFaH Macenephid ©Oipi - TalOuru
ca30aIIbIKTapasl  aJCOPOCHTTEpP KOHE KaTalu3aTopiapAblH TachbIMajJaFbIIITapbl
peringe  konmany.  KemipcyTekTepaiH — JEeTHApICHY — OpOLECiHE — peakuus
TEMIepaTypachlHbIH 9cepi KOpCETUIreH. 1-kecTere colikec KOMIPCYTEK KOCIACBHIHBIH
nerunpneny nponecinge 1%Cr/TCB karanuzaropbiHza Temmeparypara OaiaHbICTBI
OHIMJIEP/IiH MILIFBIMBI 3epTTenreH (Petimbacs, et al, 2024).

Kecre 1 - Kemipcytek xocnacsHbIH aeruapieny npoueciage 1%Cr/TCh xatanu3aTopbHa Ty3UIeTiH
OHIMJICp/IIH MIBIFEIMBIHA TEMIIEPATyPAHBIH dCEPi.

T, °C Ko %0 K, a0’ | K, camo”os IIsFeiMBI*, %
¥ o
. EZ 5
o o ) i) 223
U" T @) 5 O 1) = 2
noE 2
&=
400 40 10 10 29,2 i31 1,0 |0 |0 12
450 35 5 5 33,1 3,4 2,0 |0 |0 11
500 35 20 33 392 |45 20 (0 |0 8
550 35 35 36 36.9 6,2 1.8 |31 |i3i
600 37 40 42 374 |6 2,4 |i3i |i3i

1-kectene kepcerinrenneit, 400-600 °C Temmeparypa apajibIFbIHIA ITPOITAHHBIH
aitHasbMbl 35-40%, H-OyTan aiiHanbiMel 10-40%. n-Oytan aliHanbiMbl 5-42% Oonranga,
OCBITEMITEpaTypaapalibIF bIHAF bITPOMMICH IIBIFBIMBI29,2-37,4% apallbIF bIHIA TY 31T€ 1.
H, merbiver 3,4-6,2%; CO mbirbiMbl 1-2,4%; CH, sxone CO, mynaem Tysimenni;
OTTEKTI OPTaHWKAaJBIK KOCBUIBICTAP/BIH JKUBIHTHIK WIBIFBIMBI 8-12% apanbiFeiHIa
ty3ineni. Peakmms TtemmeparypaceiH 600 °C  TemmepaypagaH >KOFapblUIaTKaHIA,
OacTamkpl PEKIMSUTBIK KOCIa KOHBEPCHSCH ©3repicci3 OoNmbl, COHBIMEH Katap,
npormuiien, cyreri, CO, CH,, CO,, OTTEKTI OpraHMKaIbIK KOCHUIBICTAPBIH KMBIHTHIK
IIBIFBIMBI TOMEHEHTI. KOpBIThIHABUTAH Keyle, TeMIlepaTypaHblH JKOFapblUIaybIHAH
OacTamnKkbl peaKIsUIbIK KOCTIaJaFrbl KAHBIKKAH KOMIPCTYeKTepIeri curMa OaiIaHbICThIH
Y3Tyi Oastyimaiiibl, COHBIMEH KaTap, KaTaIn3aTOPIbIH OCICCH T TOMEHICH .

TankpLiay.

KemMipcyTekTepmin  AeTuApieHy MPOLECIHAE XPOMHETI3Ii  3JIeMEHTTepMeH
TYPACHAIPII, KOJIIAHBUIFAaH MOHOOKCHATI KaTayn3arop (pu3uKa-XUMUSIIBIK OJIiCTep:
BOT, snemeHTTIiK Tajinay, IMeKTPOHIBIK MUKPOCKOIIHS JKOHE PEHTTeHO(a3albIK Tajay,
UKC apxpuibr 3eprrengi. Perrrendazanbik tammaynsl J[.B.CokoiabCKuil aTbIHIAFsI
YKaHapMaw, KaTaian3 jKoHe AIEKTPOXUMUS HHCTHTYTHIHBIH FHUIBIMH KbI3METKEpIIepiMeH
TaJIaHBINl, KOPBITHIHIBUIAHABL. TaOWFW TachIMAIJAFBINIKA KOHIBIPBUIFAH XPOM
KYpaMIbl KaTaau3aTopAblH (a3anblk KypaMbl peHTreHmik audpaxtomerp DROH-4
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-07 Co K -coynenenipy Kypajbl apKbUlbl aHBIKTAJbL. AJILIHFAH JAU(PAKTOMETPIIK
pednekcrepai  cambICTBIPy  MaKCaThbIHIA —KOJAAHBUIBIN, YHTAKThl  CTaHIApPTTHI
JCPDS kaproTekachl apKbUIbl HETI3JEIII, CHUIATTAJbl JKOHE KOPBITHIHIBLIAH/IHI.
ONEKTPOHIBI MUKpOCKOMHMsIBIK Tanmay JI.B.CokonbCKkuii aThIHIAFBI >KaHapMaii,
KaTallu3 OHE DIICKTPOXUMHUSI MHCTUTYTHIHBIH FHIIBIMH KbI3METKEPIICPIMEH TaJIaHbII,
KODPBITBIHABUIaHABL.  KaHbIKKaH  KeMIpCyTEeKTepAiH  JOETHAPICHY  NpOLECiHAe
3epTTENreH TaOUFy ca30alllbIK HeTi31HIerT XPOMJIbI KaTaau3aTop/IbIH MOP(OIOTHSICHI,
OeJIeKTep/IiH KOJIeMiH HeMece MOJIIEPiH 3epTTey YIIiH JIEKTPOHIBl MUKPOCKOIHS
omici kommanbuiAbl. Cuntesfen ansirad 1%Cr/TCB  xaramusatopsr DOM-125K
ANEKTPOHIB MHUKPOCKOI KOMET1 apKbLIBI Oip caThlIaH TYPAThIH KOMip PETTUKACKHI
O/liciMEH MUKPOTUPPAKIMSIIBIK CYPET apKbUIbl 3KCTPAKIUSUIAHBIT, XKAPBIKTAHIBIPY
ozici apKpUIbl 3epTTeai. MukpoanppakuusuIbIK CypeTTepl Tycipy OesmexTepiiH
KeJieMiHe OaiIaHBICTHI ©3TEPTiJIe OTHIPHIIL, PTYPIIi YIKEHTYIep i KONJaHy HOTHKECIHAe
xyprizinai (MacanmumoBa, 2019; Peiim0Oaes, et al, 2024).

CuHTe3[eNITeH  Karaju3artopia O3JeKTPOHJbl MHKPOCOKMHS dfici OoMWbIHIIA
aHBIKTAJFaH KeHOip dazamap Kypambl, 3epTTeyle KOJNIAHBUIFAH  KYPaJIbIH
Ce3IMTaJIBUTBIFBIHBIH JKOFaphl HEMece TOMEH OoiryblHa OaitmaHeicTel PDA omicimeH
3eprTey OapbIChlHAa KepiHOeyi Hemece aWlKbIHIaIMaybl MYMKiH Oongbl. Taburu
cazbammbikra (TCB) HeriziHeH epiMEeWTiH KOMIIOHEHTTEP/AiH MeIepi eTe Kol
Oonapl. bacrankpl karamuzarop yJATiciHE ipl ’KOHE THIFBI3 OOINICKTEPACH TYpaThIH
arperarTap/iblH  OOJNaTBIHJABIFBIMEH —cUTIATTaNaabl. MUKpOIU(PaKIHSIBIK CypeT
JKEKeJIeHTeH cupek pediiekc Typiaae oepineTin OipikkeH (a3zacer 6ap. Memmepi 3-5 HM
0OJIAThIH OOJIIICKTEH TYPATHIH AFbIH IIOFBIPIIAHY KopceTiareH. MUKpoaudpakusiIbiK
CypeT CakMHa KOCIIaCbIHAH JKaHE JKeke pediekc Typinae OepiiareH.

BOT onici OoiiblHIIA KaTaau3aTOPIapAbIH TEKCTYPaJbIK CHUIIATTaAMACBIH aHBIKTAY.
MeHiikTi 0T MeJIIepi MEH KaTThl 3aTTap/blH KEYCKTLIITH aHbIKTay ra3 (pa3achIHbIH
MOJICKYJIAJIApbIH ONIap/IbIH OeTKe CiHIpYy Mpoleci apKbUIbl aHBIKTAJNATBIH H30TepMa
azcopOmusChIHA HeTi3menreH. M3oTepMa amcopOIusachl OipKaNBIITEI TeMIlepaTypana
aJIcOpOIUsUITaHFaH MOJIEKyJlallap MOJIIEPiHiH KBICBIMFAa TOYEIAUTITIMEH aHBIKTAJIAIbI.
KaranuzaropiblH — TEKCTYpalblK  KOHE  aJCOpOLMSUIBIK — CHUIATTaMachl  a30TTbIH
TOMEHT1 Temreparypaibl agcoponuscel OoibHma BIOT omici apKplibl aMepUKaHIIBIK,
«Micrometritics Accusorby» KypanbsiHaa xKypriziiai. KeyekTiH kanrbl KexeMi TOMeH e
dopmyna GoibiHmma ecemreminmi: Y, oo =V omeKs (K=0,001558 mi/r)
(MacammmoBa, 2019; Peiimbaes, et al, 2024). Katanm3atopmapabiy 6eTTik aynadsl bOT
omici apkeuTel aHBIKTAIIE! (Kecte 2).

Kecre 2 - TachIManarbIITapAbIH SPTYPIIi OHACY dAiCTepiHe OalaHbICThl OCTTIK aydaHbIHBIH, KEyeK
KeJIeMiHIH jKoHe Heri3ri KeJeMiHiH e3repici

TacbimangarbiTap S, M1 Keyek kenemi, VADSmax, M/t erianis MIT
TaOuru ca30aIbIK 9,4 341,96 0,53

Nel enzney 10,34 50,2 0,078
No2 enyey 11,42 454,07 0,707

No3 enpmey 14,2 47,73 0,074
Ned enpney 14,51 457,55 0,713
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Taburn ca30anmbIKTapAbIH KYPBUIBIMBIHA apHAJIFaH FBUIBIMH €HOEKTEp aca Kol
emec, TabuFy ca3z0aMIIBIKTapIbIH KYPBUIBIMBI TOJBIK 3epTTesnMereH. KaonumHuT meH
MOHTMOPHWJUIOHUTTEH KypaJifaH TaOUFu ca30aIbIKTapAblH KYPBUIBIMBI KaOaTThI
Ooubin keneni. TaOuru ca30amIIbIKTaFbl KEYSKTEPIiH Tapaybl OPTYPIIi HKOHE TYPAKCHI3
Jer aifTyra 6omajsl, OETTiK aymaHbl 5-85 M?/T apanbikra 6omaasl (Macanumosa, 2019;
Shorayeva, et al, 2020; Shorayeva , et al, 2021).

Taburu caz0abIK XKOHE OHBIH HET131H/Ie albIHFaH KaTalu3aTOPIbIH KYPBUIBIM/BIK
cUmaTTaMayiapbl TOMEH TeMIIeparypaiarbl a30TThIH aJCOPOIMSIIBIK H30TepMalapbIHbIH
MoniMeTTepi OoifbIHIIAa e3repici kenripiareH (3-kecte). 3-KecTemeri KOpCETiIreH
KaTaau3aTopiapAblH Ja KEeyeKTUIIK Kejemaepi ae opTypii. JKorapwlga KepceTiireH
epeKienikrep V, . . MOIIEPIEPIHiH O3repyIEPiHEH 1€ OalKanaibl.

Kecte 3- KemipcyTek KOCHaHbIH XapTbUlail TOTBIFY MPOLECIHAE KOJAaHBUIFaH
KaTaJu3aTopiapAblH OCTTiK MeJIIepi.

Ne Karanu3zaropmiap Kypambl beri, M*/r Keyek kenemi V, /o mn/r V orioris M
1 TCBb 14,51 155.53 0.24
2 1%Cr/TCB 23,13 272.87 0.43

TacbiManaareln peTiHae KOJNJaHBUTFAaH TAaOWFU Ca30aNIIBIKTap SPTYPil OHIeyAeH
OTKI31J1/1i, OIaH COH opOip YINTire 3MEeMEeHTTIK Tajiay >Kacajibl.

DJeMeHTTIK Talnjay HOTHXKeci OOMBIHIIA 4-KecTele KOPCETINTeH KOCHUTBICTAp
TachIMaJIIAaFbIIITAPFa OpTaK, OipaK MMaWBI3ABIK MeJmepi OOWBIHINA EPeKIIeITiK
Oaiikananpl. Onruenmeren taceiManareimrarbl ALO, en xen memmepi 68% Gosca,
KBIIIKBUIIBIK OHJEYJIECH KeHie OHBbIH Ma3ubik menmepi 42% temenneini. SiO,
MadBI3IBIK MOJIIEpl OHAENTeH >KOHE OHJeNMEreH Taburu cazdammbikra 25-30%
APIBIFBIH KOPCETTI.

Kecte 4 - TaceiManarpIIKa >JIEMEHTTIK TalAay JKYPrizy HOTHXKEC]

3neMeHTTep ennenMereH TaCbIMaJ1aar bIII eHZ[eJ'IFeH TaCbIMaJlgar b
CaO <01 <01

MgO <01 <01

Fe,O 02 19

ALO, 68 42

Na,O <01 02

K,0 - -

SiO, 25 30

DNeMeHTTIK Taniay OOWBIHIIA KOPBITHIHIBIIACAK, TACBIMAIIAFBIIITI KbIIIKUIIBIK
OHJICY/IeH KeHiHT1 2JIEeMEeHTTIK KypaMbIH]Ia ©3Tepic OONaThIHIBIFBI AaHBIKTAIJIB.

WHbpa-KpI3bUT CIIEKTPOCKONHS SJIiCi apKbUIBl TAOWFU Ca30aIIBIKTa KapKbIHJIbI
CiHipy JKoJaKTapsbl (C.K.) OalKabl: BAEHTTIK CHMMETPHUSUIIBIK TepOeic xwuimiri 1069
em! Si-O-Si u Si-O-Al coiikec kenemi, 400-800 cm! apanbirbiaaars xuigik Al-O, Si-O
0aifaHBICKIHEIH 1eOpPMaITHSUITBIK TepOertic xkuitirine coiikec kenmi. (Al-O 654-670 cm
1, (SiO 806-792cm™). Si-O nedopmarusisibiK Tepoestic Kuitiri 454 cm' TeH 60IbI.
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Pentrengasansik Tangay Hotmxkeci 6oiibiHmIa, 1%Cr/TCB katanu3arops! a-KBapiTan
TYpaJIbl, PEHTTEHOAMOP(TBI KYpaMJibl, 9JICi3 KaomuHUT peduekcrepin kopeerti. Cr,0,
dasaceiubin peduexcrepi Garikanpt: 3.63., 2.66 , 2.48, xoue T.0. (6-504 JCPDS).

OnexTpoHbl Mukpockonus ojici apkeuibl 1%Cr/TCh karamu3aTopbl 3epTTeli.
4a-cyperte kesiemi 20 HM OOJIaThIH THIFBI3 OOIIIEKTEP/ICH KYpaJFaH a3iaraH KbIpIaHy
Oenrici Oap arperarthl kepyre 0omanbl. MukpoaudpakiusuibiK CypeT pedieke Typinae
Oepinren, meHOep OoiibiHia opranackaH, CrO (JCPDS, 6-532) ¢asackiHa coiikec
keneni. 40-cyperre ipi JKOHE TBIFBI3 OpHANACKaH OOJIIEKTePIeH TYPaThIHABIFbI
kepcerinren. Cupek kesznecerin peduexcrep Cr,0, (JCPDS, 6-508) dasaceina colikec
KeJelli. SB-CypeTTe a3 Meep/eri Ga3anapablH MOFbIpIanybl OalKaaaubl, TUCIEPCTI
XKYHeHiH Meiepi 3 HM coiikec keneai. MUKpoaudpakiuusIblK CypeT IeHOoep TYpiHIe
kepcerinren xdne Cr,0, (JCPDS, 36-1329) dasaceina coiikec kenei.

a) CrO, 20 um

275

6) Cr,0, B) Cr,0,, 3 um

Cypet 4 - 1%Cr/TCB katann3atopbIHbIH MHKPOIU(PAKIHSIIBIK CYPeTi

KemipcyTekrepiH  TOThIFa  JETHAPICHYiHIE  TaOMFU  TachbIMaJJaFbllIKa
koHbIpbuTFad 1%Cr/TCh karanu3aropbiHia oi1e(uH MIBIFBIMBIHBIH apTybI )KOFapbiIa
KOPCETUIreH e3repicke OalaaHbICThUIBIFBI  aHbIKTaAbL. ConbiMeH, 1%Cr/TCBh
KaTanu3atopbelHblH Oencenainiri POA sxoHe DM 3eprrey opicTepiHIH HOTHKECIHE
coiikec kaHa (ha3ajablKk KypaMHBIH TY3UIyiHe, (a3anapabliH KeJeMiHe, XpOM OKCHUIIHIH
BaJICHTTIK @3repiciHe Tikeliel OaiyaHbICThI ekeHi kepcerinai. Karamusatopiap MeH
KaTaJIMTUKAJIBIK MPOIECTEP/l 3ePTTEY/IIH 3aMaHayd OICTEPiH jkacay KOJJIaHBICTAFbI
JETUJIPIIEY TEXHOJOTHSIAPBIH JKETUAIpYTe KoOHE KaHAIAPIH J3ipiieyre MyYMKIHIIKTEp
oeperi.

OpTYpJli FBUIBIMH TONTAP/ABIH OacThl Hazapbl ajlbTEPHATHBTI KaTalu3aTopiapibl
Kacayra, KOJJAHBICTAFbl KaTalM3aTOPIaplblH TYPAKTBUIBIFBIH apTTHIPyFa, TEXHO-
JIOTHSUTBIK ©3TrepicTep apKbUIbI AJIKAHAAP bl ISTHIPIICY POIICCIHIH SHEPTUs THIMIUTITIH
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apTTHIPYFa, COHBIMEH KaTap TepPMOAMHAMUKAIBIK LIEKTEYJIEpl a3aiTy MoHE KOCaIKbI
peaxkuManIapAblH YiIeciH azaiTyra OarbiTTanraH. JKaHa KaTanuzaropiaapabl 93ipiaeyaeri
€H MaHBI3/Ibl MiHIETTEp OJIapbIH KaTaTUTHKAIIBIK KACUETTEPiH XKaKcapTy (OenCceH ik,
TaJFaMJIbIIBIK )KOHE TYPAKTBIIBIK), OCICEH Al OPTaIbIKTapAbl aHBIKTAY KOHE KYPbUIBIM-
OeJICeH IIIK-TalFaM/IbUIBIK ~ KaTbIHACTAPbIH OpHaTy, anaina Pt-Sn xome CrO,
KAacHeTTepiMEH CaJbICTBIPhIIATEIH MPAKTHKAIBIK Oanama >Kyhenepi TaObuIMaraH.
CoHOBIKTaH FalNbIMAAPABIH Ha3apbl COHBIMEH KaTap alKaHAApAbIH JeTruapliey
3aHABUIBIKTAPBIH 3€PTTEYre JKOHE KOJAAHBICTarbl KaTajlu3aTopiapAblH OelceHai
OpTaJIBIKTApbIH KYpYFa *oHe onapsl ofaH api xkerinaipyre 6arsirtanrad (Olsbye U.
*oHe T.0., 2005).

Kypambinaa xpom Oap karanuzaTopiapibl 3epTTEYIEri eH KoeIl TaparaH Ke3Kapac
alKaH MoJeKynajgapelHblH — ancopOuusicel  Cr-O  opTanbIKTapblHIA JKypeni Aem
CCeNTEHTIHIIKTEeH, OJAapAbIH TOTHIFY-TOTBIKCBI3AAaHy >KargaiblHIa (COHBIH imIiHAe
JEeTUpIey pEeakUusIChl JKarnailapblHOa) Ty3UTyiHE ocep eTeTiH (akTopiaapasl
*KoHe Oacrankel Karamuszaropaapaarbl CrO —¢opmaceiH, onapian Keifin Oencenmi
OpTaJIBIKTApABIH TY31ly (hopManapblH TYCIHY MaHbI3IbI OOJBIN TAOBLIAIbI.

OpTypii FBUIBIMA TONTApAbIH 3€pTTeyliepiHe CoWKec, jkaHa JaiibIHAAIFaH
KaTaau3aTropiapAarbl XpOM KYpaMbIH jKoHE AalbIHIaNy IApTTapblH ©3repTe OTHIPHII,
opTYpIii poMoTopnapAbl eHrizy apkeuibl xpom Cr®', Cr’*, Cr** xone Cr*" kyitnepi
aHbIKTaabl, an Cr®" OeTTik Xpomarrap, monmxpomarrap Typinae Oomambl, an Cr'
KkpucTanbl xkaHe amopdrel a-Cr,O, Typinze Gepinren (Iletpos, et al, 2009).

Conrbl 3epTTeyaepae AeTHapieyae KONJaHbUIATHIH XPOMIBI KaTalu3aTopiapAblH
Oencenpiniri Herizinen Cr’" opTypiii )KOFapbl JUCHEPCTI XKOHE YHIECTIpY KaHBIKIIaFraH
TYpJepiMeH aHbIKTa abl. Peakuusiibik opra skaraaisinaa Cr* Hemece Cro* neruapiey
peaKnMAChIHAA aJKCHIEPre KaTbICThl TalFaMIbUIBIFBI TOMEH EKEHMIr! aHBIKTaIIbI,
Oipak, omap Cr’* OeiceHIi OpTaJbIKTapbl YLIIH HpeKypcopiap OOJbIN TaObLIAIBL.
Oneduertepai Tangay CrOX opTypii GopManapblHbIH apakaTbiHACKI XpOM KypaMblHa
(TackIManJarbIITHIH MEHILIIKTI OCTIHIH ayJaHbIHA KATBICTHI), KATAIU3aTOPAbI JalbIHAAY
ofliciHe, KOJIaHBUIAThIH MPEKypCcOpiapFa, TEPMUSIIBIK OHACYTe JKOHE KOJIAaHbLUIAThIH
TacsIMaJIJaFbIIKa OaiiJlaHbICThl €KeHiH KepceTeai. TackiMangarblTapra KOHbLUIaThIH
TajanTapra KapaMacTaH, JeTHApJiey KaTajiu3aropiapbl YIIiH 3€pTTENETIH Tachl-
MaJIJaFbIIITap TOJIBIK HHEPTTI eMec )KOHE peareHTTePIiH aAcopOLMsChIHA KOHE HET13T1
HEMece JKaHaMa peakUVsUIapAblH JKYPyiHe ocep eTeTiHi OipHelle peT KepceTiulmi.
Ocputaiima, OETTIK KBIIIKBUIABIFEI TOMEH KaTalu3aTopiiap >KYMBIC KE3iHJE JKOFaphl
TYPaKTBUIBIKTBI KOPCETell KOHEe KOKCTeTyi ToMeH OoJajibl, aJKaHHBIH aKTUBTCHYIHJE
opTalia KYLITi KbIIIKBUT OPTaJIbIKTapAbIH O0Mybl MaHBI3bl POJl aTKapabl, OChUIalIIa
KaTaJu3aTopbIH OenceHainirin aprteipaas! (Macanumona, 2019).

KopbIThIHAbI.  3epTTeNeTiH KaTaluTHUKAIBIK OKYHelepAe KeMipCyTeKeTpAiH
JETUIPIICHY TPOLECIH JKYPIi3ydiH KOJAHIbI KOIJapblH aHBIKTAy YIIiH TeMIleparypa,
peareHTTepAiH (CaHABIK KaTbIHACTAPBIHBIH MOJLICPIEPiHiH dcepiepi TeKcepimin
peaKIMAIBIK OHIMAED ay[IblH KOJAWibl JKOJIapbl aHBIKTaNIbl. JKOFapbl TalFaMabl,
Oescenal KaTaau3aTopiaapAblH TaChIMaJIaFbIIITaphl PETiHAE TAOUFH ca30aIIbIKTap bl
THIMJII TIAlanaHyaelH 9ici kepcerinai. KaHblkkan kemipcyTekrepii oneduHaepre
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JeiiiH TOTBIKTBIpA JETUAPICYAC KONJaHbUIFaH KaTajlu3aTopiapAbl (pH3HKa-XUMUSIIBIK,
omicrepmen 3eprreni: bOT, UKC, DM, PDA, snemenTrik Tamuay. KopsIThiH/IbLIAM
Kele, KaHBIKKAH KOMIPCYTEKTEpIiH TOTBIFa JCTHIPICHY TNPOLECIHIH MeXaHU3MIiH
3epTTey YJIKEH KbI3bIFYIIBUIBIKTHI TYIbIPATHIHBI AHBIK.

KemipcyTektepni omedunaepre [eifiH TOTBIKTBIpa JACTHIAPIEY YIIiH TaOWFH
caz0almblK  HETI3iHJAe JalbIHIAIFaH  KaTaM3aTOPIbIH  KOJAMJIbl  KYpambl,
KaTaJu3aToOpAbIH KYPBUIBIMABIK KacueTTepi 3epTTenai. JKYMBICTBIH HOTHXKeNIepi
OOMBIHIIIA KAaTaIM3aTOp JKOHE OCHI KaTajau3aTopiapAbl KOJAaHa OTBIPHIN, oyeduHIep
OHIMJIUTITIH YKOFapPbIIATHII, KYHE TY31IyiH TOMEHICTETiH, KaTaTUTHKAIIBIK TAPOJIU3/IiH
TriMIi omici 3eprrenmi. KypambiHma XpoMm Mesmepi a3 THIMAI KaTaTUTHKAIBIK
KOMITO3UITMSUIAP/IBI JKacay JKOHE KaTalln3aTopiiapiblH OeJiceHi OeTiHiH KacHheTTepiH
KAaHBIKKAH KOMIPCYTEKTEp/l TOTHIKTHIPA JCTHUPICY VIINIH 3ePTTEY, COHBIMEH Karap
KYpbUTbIM, OenceHai OeTTiK KypaMbl >KOHE KaTAIUTHKAJIBIK KACHETTEp apachbIHIAFbl
OaiimaHpICTapAbl OPHATY/ABIH NPAKTHUKAIBIK MaHbI3bI 30P.
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Abstract. The skin is an essential barrier, preventing the penetration of micro- and
macromolecules. Transdermal drug delivery treats skin diseases and enables systemic
drug administration, offering ease of use, controlled release, and an alternative to
tablets and injections. However, existing transdermal drug formulations, including
patches, ointments, and creams, have several drawbacks, such as skin irritation, low
bioavailability, instability of active ingredients, and inconvenience in application.

lodine is one of the most widely used antiseptic agents commonly incorporated into
wound dressings such as Inadine and cadexomer-iodine. However, these products may
cause skin irritation, have an unstable composition, and fail to ensure uniform release
of the active substance. In this study, novel film compositions based on agar-agar and a
complex of poly(2-ethyl-2-oxazoline) (PEOZ) with iodine were developed to enhance
transdermal delivery. The obtained films had a pH of 5.5, corresponding to that of the
skin, while an increased PEOZ content reduced swelling, thereby improving the stability
of the film compositions. Within 120 minutes, the films released 16.5% of active iodine
(0.24 mg/mL), which is sufficient for effective antiseptic action. Antimicrobial analysis
confirmed the high activity of the films against Staphylococcus aureus and Candida
albicans. Thus, the proposed film compositions based on a complex of PEOZ with
iodine represent promising drug formulations for the treatment of infected wounds and
skin diseases.
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AnHoTanus. Tepi —aaM ar3acblH KOpIIaFraH OPTaJlaH KOPFaNThIH HET13T TOCKAYBLII,
0J1 MHKpPO- KOHE MaKpOMOJICKYJIATap/IblH CHyiHe 0Nl OepMeill, MaHbI3/Ibl KOPFaHbIC
KBI3METIH aTkapajbl. Ajaiiyia, Oyl KacueT KeiOip skarmaiiapaa JOpuUTiK 3aTTap/IbiH
KYHeNi >KoHe JKepriliKTI KeTKi3UTyiH mekreiai. TpaHcaepMmanbai Aopi HKETKizy
XKyHeci Tepl apKbUIbl OEJICeHII KOMIIOHEHTTEPIiH eHTi3iTyiHe MYMKiHAiK Oepirm,
JKEPTUTIKTI JKOHE JKYHMeN Teparus YIIH THIMII 9jic Oobin TaObuiaabl. by omicTiH
apTHIKIIBUIBIKTAPbIHA BIHFAMIIBLUIBIK, OCJICEH/I 3aTTapiblH OaKbUIAHBIN, OIpKEJKI
OeuiHyi, COHAal-aK TabieTKaaap MEH HHBEKIUSIIAP/Ibl AIMACTBIPY MYMKIH/IIT1 KaTa Ibl.
TpancnepMaibi mpenaparrap y3ak acep eTyre, KaKeTTI MeJIIIepAe JIOPUIiK 3aTThl
TYPaKTHI TYP/IC JKETKI3yTe )KoHE JKaHaMa dcepiiepliH TOMEHACYiHe bIKIal eTeai. Anaiina,
KOJIZIAHBICTaFbl TpaHCIAepMalbai J9piIiK Qopmanap, COHBIH ImIiHIE IUIACTBIPHIAP,
Maliap JKoHe Kpemjiep, TepiHiH TITipKeHYiHEe, OMOKETIMIUTIKTIH TOMEH IIriHe, OCICeH/T
KOMIIOHEHTTEP/IiH TYPaKChI3IbIFbIHA JKOHE KOJIaHYIbIH KOJANChI3IbIFbIHA OalIaHbICThI
LIEKTEYIIepre ue.

Mon — KeHiHEH KOJJAHBUIATHIH AHTHCENTHK JKOHE Inadine, kaaekcomep-iion
CHSIKTBI TaHFBIILTAp KypaMmblHa Kipeai. Jlerenmen, Oyt Kypanaap TepiHi TiTipKeHIipyi,
TYPAaKChI3 Kypamra ue OOoJybl jkoHe OCJICeH/II 3aTThIH OipKesKi OeiHyiH KaMTaMachl3
erneyi MymkiH. Ocbl 3epTTeylie TpaHCACPMAJIbIl KETKI3yIi JKaKcapTy MaKCaThIHIA
arap-arap MeH moyin(2-3tun-2-okcaszonut) (I1903) keleHi HETI3iHAETI O KOCBUIFaH
TUICHKAIBIK KOMIO3UIUSIIAD 93ipieHai. AJbIHFaH IuieHKanapasiH pH 5,5 Gounbin, Tepi
pH kepcertkimrine caiikec kenai, an [1303 memepiniy apTybl oap/blH iICiHY JopeKeciH
TOMEH/ICTIIT, TYPAKTBUIBIFBIH apTTHIPALL. 120 MUHYT itmiHAe uieHkanap 16,5 % oencenmi
toarer (0,24 mr/mi) GocarThl, Oy THIMJII QHTUCENITUKAIBIK 9CEP YIIIH >KETKUTIKTI.
AHTUMHUKPOOTHIK TaJijay HOTHKEJepl IuieHKaitapablH Staphylococcus aureus sxoHe
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Candida albicans-xa kapcbl >xorapbl OenceHainirin pacragsl. Ocklaiiina, arap-arap
MeH [1D03-fion KelleHi HETI3IHJET! TUICHKAJIBIK KOMITO3UIUUIAp WH(EKIUsIaHFaH
JKapajap MEH Tepl aypyJiapblH eM/ICyTe apHaFaH MEePCIECKTUBTI A9pilik Gpopma OOk
TaOBUIAIEL.

Tyiin ce3nep: ion, Hox-monmMMep KemIeHi, MOMUMEpi YIAip, momu(2-3Tui-2-
OKCa30JIHH), TAOUFU TIOJIHMED.
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Annoranusi. Koka BBINOJTHSET BaKHYIO OapbepHYIO (QYHKIHIO, TpENOTBpaiias
MIPOHUKHOBEHHE MHKPO- W MaKpOMOJIEKyJ. TpaHcaepMmaibHas JOCTaBKa JEKapCTB
MPUMEHSIETCS KaK JJISI MECTHOTO JICUCHHSI KOJKHBIX 3a00JIeBaHUH, TaK U AJIs1 CACTEMHOTO
BBEJCHUS IMpenaparoB, oOecreuuBas psJ [PEUMYLIECTB, BKIOUYas yA0OCTBO
WCTIOJIb30BAHUS, KOHTPOJIMPYEMOE BBICBOOOKICHHE [JECHCTBYIOIIMX BEIIECTB H
BO3MOJKHOCTB 3aMEHBI TPAJAUIHOHHBIX (HOPM, TAKUX KaK TaONETKH 1 HHBbEKIUHU. OJHAKO
CYIIECTBYIOIINE TpPaHCACPMANbHBIC JIEKAPCTBEHHbIC (OPMBI, BKIIOYAS IIACTBIPH,
Ma3u ¥ KpeMbl, 00JaIa0T PsIOM HEOCTATKOB, TAKUX KaK pa3ApakeHHEe KOKU, HU3Kas
OMOJOCTYITHOCTh, HECTAOMJIBHOCTh AKTUBHBIX KOMIIOHEHTOB W HEyZOOCTBO IpH
HaHECEHUH.

Wox sBnsieTcs ofHUM U3 HauGoJIee PACIPOCTPAHEHHBIX AHTHCENTHIECKHX areHTOB
U IIMPOKO UCTIONB3YeTCs B JIeueOHBIX MOBS3KAX, TAKUX Kak, Inadine u xanexkcomep-io.
OnHako Takue CpelicTBa MOTYT BBI3bIBATh Pa3Apa)KCHUE KOXKH, UIMETh HECTAOWIbHBIN
cocTaB M He 00ecleyuBaTh PaBHOMEPHOTO BBICBOOOXK/ICHHS aKTUBHOTO BelecTBa. B
JTAHHOM MCCJICIOBAHNH Pa3padOTaHbl TNICHOUHbIE KOMIIO3HIIUK HA OCHOBE arap-arapa
KoMILIeKca mosu(2-3tui-2-okcaszonuHa) (I1503) ¢ fiogom, 00maiaronue yiaydieHHbIMA
XapaKTepUCTUKAMU TpaHCAepMaibHOU JocTaBky. [lonmydyennsie mnenku umenu pH 35,5,
paBHbIii pH k0w, a yBenndyenue copepxkanus [1903 cHukao ux cTerneHb HaOyxaHus,
MOBBIIIAs CTAOMIBHOCTD MJIEHOUHBIX KOMIO3UIMHA. B Teuenne 120 MuUHYT muieHOYHBIE
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KOMITO3UIMK BBICBOOOKIaU 16,5 % akrtuBHOrO #oma (0,24 Mr/mir), 4To JOCTaTOYHO
Uit 3(P(HEKTUBHOTO aHTUCENTHYECKOTO JCHCTBUSA. PesynbraThl aHTHMHUKPOOHBIX
AHAJIM30B MOJTBEPININ BBICOKYIO aKTHBHOCTH TUICHOK NMPOTUB Staphylococcus aureus
u Candida albicans. Takum 00pa3oM, MpeIIOKEHHBIC JICHOUYHBIC KOMIIO3UIIMU Ha
OCHOBe arap-arapa u komruiekca [1903 ¢ fiogoM mpeacTaBIsIoT COO0H MePCIeKTHBHEIC
JIEKapCTBEHHBIC (DOPMBI K JICUCHHUIO MH(UIIUPOBAHHBIX PaH U KOXKHBIX 3a00JICBaHUN.

KuroueBbie ci10Ba: 1o/, HOI-TIOTMMEPHBINA KOMIUIEKC, IOJTMMEpHas IIIeHKa, on(2-
ATHJI-2-0KCA30JIHH), IPUPOIHBINA TOJTUMED.

Beenenune. Koxa siBiisieTcst caMbIM IOCTYITHBIM OPTaHOM, KOTOPBI BBIMOJIHSIET POJIb
Oapbepa Al MUKPO- B MaKpOMOJIEKYJ OKpY XKarollei cpenpl Onarofgapsi CBoel HU3KON
MPOHHULIAEMOCTH. TpaHcaepMalibHas OCTaBKa JIEKaPCTB HalpaBleHa Ha MECTHYIO
TEparuIo KOXKHBIX 3a00JIEBaHUN WIIM CHCTEMHYIO aOCOpOLIMIO TpenaparoB yepe3 KOKY.
OTOT METOI MMEET HECKOJIBKO NMPEHMYIIECTB, TaKMX KaK OOMIMpHAs MOBEPXHOCTbH
KOXXM, TIPOCTOTa B HCIIOJIB30BAHUM M BO3MOKHOCTH 3aMEHBI MEPOPaJbHOTO MpHeMa
JISKAPCTB MITU OAKOKHBIX HHBbeKIMi (Zurdo Schroeder, et al, 2007:111). Tem He meHee,
cyliecTByomre (GOpMBI JIEKapCTBEHHBIX CPEACTB, TAKUE KaK IUIACTBIPH, Ma3u U KPEMBI,
HUMEIOT CBOM HeJOoCTaTku. Hampumep, miaacTeipy MOTYT BBI3BIBATh Pa3ApakeHHE KOXKH
1 HeynoOCTBa TP MCIIOIb30BaHUH, OCOOEHHO Ha M30THYTHIX yuyacTkax. [lomyTBepabie
(hopMBI, TaKHe KaK KpeMbl U Ma3d, MOTYT JIETKO CTHPAThCSI IPU KOHTAKTE C OACIKAOM,
TpeOysl 4acTOro MOBTOPHOTO HAHECEHHs. DTO CO3MAeT TPYAHOCTH sl MAIMEHTOB C
XPOHUYECKUMH 3a00JI€BaHUSIMU, TAKUMH KaK TPUOOK CTOIBI WM KaHAuA03. [loaTomy
Ba)KHO pa3palboTaTb HOBBIE JIEKAPCTBEHHBIE (POPMBI, KOTOpbIE 0Oecrevar AIUTeIbHbIH
KOHTAKT € KOJKeH W ymydqmar cobmrofenue peskuma stedenust (Tan, et al, 2012:1263).

Won wucnonb3yercs B KadecTBe ae3MHuUIMpyouiero cpeiactea ¢ 1830 roma
Onaronaps cBoeil aHTUMUKPOOHOH aKTMBHOCTHU MPOTHUB OaKTEPHid, IIIECHEBBIX TPHOOB
U HEKOTOPBIX BUPYCOB, KOTOpasi JOCTUraeTCs 38 CYET HeCcenn()uIeckoro MexaHus3ma,
npenorBpamnatoniero paspurue ux (Makhayeva, et al, 2023:112573, Garg, et al,
2007:1340). Mon nenarypupyet 6emku, okuciss S—H rpymis! n Hapyias BOIOPOIHBIE
CBSI3U B aMUHOKHCJIOTaX U HyKJICOTHAAX, YTO MPUBOIUT K TOTepe GYHKIHH (epMEHTOB
U CTPYKTYpHBIX OesikoB. Kpome Toro, fiox HapyIaeT neiaoCTHOCTh MUKPOOHBIX MeMOpaH
U UHTUOMPYET (QYHKIHMH HYKJIEHHOBBIX KHCIIOT, YTO NPUBOAUT K OBICTpOil rubemnu
mukpoopranm3moB (Gottardi, 1980:1). XoTst coBpeMeHHbIE JEeKapCTBEHHBIE (OPMBI
Hoza, Takue kak nossaska Inadine ¢ 10% moBunoH-on, npeanaratoT 6osee Ge30MmacHbIe
1 MeHee 00JIe3HEHHbIE aJIbTEPHATUBBI, OHU BCE €Ile HMEIOT CBOM HEAOCTAaTKHU, TAKHE KaK
HEOOXOJMMOCTb B IOTIOJIHUTEIBHOM MOBSI3KE M BBICOKAsi CTOMMOCTb. [Ipyroii u3BecTHOM
MOBSA3KOM SBISIETCS KaJeKcoMmep HOoA, KOTOpBIH Takke 3()(EeKTHBHO BHICBOOOXKIACT
10/, HO MOXKET 00pa30BBIBATh TPYAHOMOAIAOIINECS yAaleH!o tieHKu (Sibbald, et al,
2017:316).

Henptio maHHO#M pabOTHI sIBIsIeTCS pa3paboTKa HOBBIX TOJMMEPHBIX TICHOUHBIX
KOMIIO3MIIMI HAa OCHOBE arap-arapa M KOMIUIeKca Hoaa ¢ moiau(2-3THII-2-0KCa30IMHOM )
JUIs TpaHCAepMalIbHOU Ao CcTaBKH Hona. [Tomu(2-3Tui-2-oKca3onrH) paHee UCTIONb30BajH
JUIS1 IOy YSHU S TUIEHOYHBIX KOMIIO3U I Ha 0cHOBE xuTo3aHa u [1903 ¢ nekapcTBEHHBIM
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BelecTBOM st okyisipHoro (Abilova, et al, 2019:311) u BarunansHoOTO (Abilova, et
al, 2020:1709) npumenenus. B padore (Shan, et al, 2021:5881) MeTakpuIMpoOBaHHBIN
[1303 ucnonp3oBanyu i CO3IaHUSI MyKOQAr€3MBHBIX MaTepHalOB AJISl Ha3aJbHOTO
npumenenusi. Hayunoii rpynmoit npod. Kynaiioeprenoa C.E. B pabdore (Lavikainen,
et al, 2021:2770) 6b1 MogudUIMPOBaH rejulaH KOPOTKMMHU LETSIMU MOMH(2-3TH-2-
OKCa30JIMHA) AJISl M3TOTOBJICHHUS TOJMMEPHBIX HOCHTENEH Il MECTHOW JOCTaBKU
JIEKapCTB Ha MOBEPXHOCTH IM1a3a. Arap-arap, COCTOSIIMNA U3 arapo3bl M araporeKTHHa,
npeacraBiseT  co0oi  HEJoporoi  monucaxapui, OONajaloUi  OTIMYHBIMH
¢yHKuroHansHBIME cBolicTBaMu (Roy, et al, 2023:101498). OH mmpoko ucnonb3yercs
B PAa3NUYHBIX OTpacisiX, BKIIOYas MHUKPOOMONOTHIO, (apMaleBTHKy H YIIaKOBKY,
n obmagaer crnocoOHOCTHIO OOpa30BBIBATH TMAPOTENH NPU PACTBOPEHHU B BOAE H
oxnaxaennu (Mostafavi, et al, 2020:1165). Arap-arap MOXXeT CTaTh SKOHOMHYECKU
BBITOIHOM aJIFTEPHATHBOM CYLIECTBYIOLUIMM HOANPOBAHHBIM TIOBSI3KaM, TaK KaK OH JIETKO
JocTyneH B mpuOpexHbIx ctpaHax (Pandya, et al, 2022:1151). bnarogapst BO3MOXHOCTH
N00aBIICHUSI Pa3IMUHBIX HAMOIHHUTENEH, TAKMX KaK TIUIEPUH M IIEIUTI0N03a, MOKHO
aJIanTHPOBaTh MEXaHUYECKUE CBOMCTBA arap-arapa AJs CO3MaHHsS WHIMBUIYaJbHBIX
ieHok (Tyeb, et al, 2020:7515). DTo MO3BOAMT yAyULIUTh AHTUMHUKPOOHBIE CBOWCTBA
MOBSA30K M 00ECIEUUTh UINTEIbHBI KOHTAKT C KOXKEH, YTO MOBBICUT 3()(PEKTUBHOCTD
Jie4yeHrs: 1 KoM(OpT MalueHTOB.

MarepuaJjibl U METOAbI

Mamepuanv

[Monu(2-3Trn-2-okcazonuu) MonekymsipHoi maccoit 50 k/la, arap-arap, monuBu-
HWIMTUPPOIUAOH MOJIEKYIIpHOi Maccoir (Sigma Aldich, CIIIA), kpucTaminyecKui
Hox co creneHpto YUcToThl > 99 %. («Across Organics», SnoHust), aurugpodocdar
KaJus, HOIUJT KaJlisl, XJIOpU Kalus, XJIOpU HaTpusl U runpodocdardocdar aunarpus
OBLIH «X.4.» W UCTIOJIB30BaHkl 0e3 npeaaputenbHoii ouuctku (TOO «Jlabopdapmar).

IIpueomosnenue pacmeopog

IIpucomosnenue pacmeopa tiooa

0,16 ritona u 0,32 r floguaa kanust pactBopuiv B 100 M1 TUCTHUILTUPOBAHHON BOJBI.
[lonmy4yeHHBI pacTBOp MepeMENIMBAIM Ha MAarHUTHOM Memanke B TeueHue 60-90
MHUHYT A0 [TOJTHOTO PAaCTBOPEHHSI BCEX KOMIIOHEHTOB. KOHILIEHTpauysi MPUroTOBICHHOTO
pacTBOpa Hoj/Kanuit Hoaua/Bojia coctapmia 1,6 Mr/miL.

Ilpucomosnenue pocghammuoeo Oygheprnoeo pacmeopa

B xpyrnogonnoii konbe oo6semom 500 mi pactBopuiu 3 T NaCl (xiopua Harpus),
0,075 r KCI (xnopun xamus), 0,54 r Na,HPO4 (marpuii rugpodocdar) u 0,09 r
KH,PO4 (muruapodocdar kamust) B 300 M1 AMCTHILIMPOBaHHOK BozbI. TlomyuenHbli
pacTBop NepeMelIMBajid Ha MarHUTHOW MeINaJKe A0 TOJHOTO PAacTBOPEHHUS BCEX
KOMIIOHEHTOB. 3aTeM AWCTHUIMPOBAHHOW BOJIOW JOBENIH 00BEM pacTBOpa A0 OTMETKH
Ha kxonbe. HeOombuioe konnyectBo pazdoasnennoro HCl w/unu NaOH ucnonbs3oBanu
JUIs1 KOppeKTupoBKU pH 10 Hy)kHOTO YpoBH:. 3HaueHne pH rotoBoro pacTsopa 10Bex
1o 5,5.

IIpueomosnenue norumepHvlx nNieHoK

B 10 M7 pacTtBopa Hoaa npu temneparype 90°C Obut pacTBOpeH arap-arap Maccou
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4 1 u 6b11 gobasiex 1903 B monbHBIX cooTHOmIeHusIX [I1203]:[#ox]=1:1, 5:1 u 10:1.
PacTBOp mepemenuBany 10 MOJTHOTO pacTBopeHus B TedeHue | yaca. K momydenHomy
pactBopy no6asuiu 0,1% Macc. IueprHa ot Macchl arap-arapa. [ neHku Obur OTIUTH
Ha IUTACTUKOBBIE MOJIOKKH U BBICYIIECHBI B TeUEHHE 24-X 4aCOB Ha OTKPHITOM BO3/IyXE.

DuzuKo-xumuuecKue ceoucmea nieHoK

Hnst u3mepenns: (PU3MKO-XUMHUYECKUX XapaKTEPUCTHK IJICHOK OBbLTH BBIPE3aHBI
00pa3iel IIeHoK pazmepoM 1x1 mm. Mk-criekTpbl 00pa3noB MIIEHOK 3aUChIBAIMCH Ha
UK-cnekrpomerpe ¢ Pypre nmpeodpazoBannem Spectrum 65 FT-IR.

TonmuHa BBICYIIEHHOW MJICHKHA U3MEPsUIach B 5 MecTax, MOCIe Yero BBIYHCIISIH
CpeiHee 3HAYE€HHE TOMIIUHBL. M3MepeHHs NMpOBOAMIMCH C MOMOLIBIO SIEKTPOHHOTO
MHUKPOMETpA.

Usyuenue cmenenu nabyxanus nieHox

Hnst u3Mepenust crterneHH HaOyxaHUs ObUIM MCIOJNB30BaHbl 00pa3lbl IUICHOK
pasmepom 1x1 mm. CrenieHp HaOyxaHwsI ©ccieoBaiu B pochaTHoM OydhepHOM pacTBoOpe
npu temneparype 36°C. Crenenp HaOyxaHus Oblia OnpeAescHa rpaBUMETPUYCCKUM
METOJIOM TPOEKPATHBIM MOBTOPEHUEM U PACCUMTHIBAJIACH MO clenyromei popmyse (1):

a=(m—mgy)/mgy (1)

rIe m — macca oOpasia IJICHKH, paBHOMEPHO HaOyXIIero B TEUEHUE BPEMEHH t;
m,— Macca cyxoro obpasua.

Onpeoenenue pH nienok

OOpasnpl MICHOK pazMepoM 1x1 MM momemianu B AMCTHIUIMPOBAHHYIO BOIY
oobemMoM 5 mit, mociedero pH mmepsumn ¢ momomrsio pH/lon Meter 781. M3mepenus
MIPOBOMIIM IO TPH pasa.

Hccneoosanue ckopocmu 8b1c800001cOeHUs 1100d U3 NIIEHKU

Jiist u3ydeHus: BHICBOOOXKICHUsI HOAa W3 TUIEHOK OBUIM MCIIONIL30BaHBI 0Opa3Iibl
IieHoK pasmepoM 1x1 mm. OOpasibl mwieHOK ObuTH HorpyskeHsl B 10 Mt gocdarHo-
OydepHoro pactBopa npu pH 5,5 u remneparype 37 °C. MccnenoBanue npoBOAMIOCH
B TeueHue 4 yaco. Kaxipie 5 MUHYT OTOMpaJIMCh 00pa3iibl BObI, M KOJUYECTBO HOJA,
BBICBOOOXKIAEMOTO U3 TUICHKH B JUCTUIIMPOBAHHYIO BOJLY, OIIPECIISUIOCH C TIOMOIIBIO
Y@-cnekrpodoromerpa (Shimadzu UV-1901i, I'epmanus) mpu A = 352 um. Yepes
KaXKaple 5 MUHYT B TeueHne 240 MUHYT onpenenesnsuii KOJIMIeCTBO BbIIEIIeMOro ona
Mo KanuOpoBouHOi kpuBoii (R>=0.98).

Hccnedosanue anmumukpoOnslx c80UCME NIAEHOK

AHTUMHUKPOOHAss AKTUBHOCTb II0 OTHOILICHHMIO K IuTammam Staphylococcus
aureus u Candida albicans Opa uccnenoBaHa JAUCKO-ITU(PPY3UOHHBIM METOIOM B
«Hay4HoM meHTpe nMpoTHBOMH(EKIIMOHHBIX MpenaparoB» (I.AnMarbel) B 1aboparopuu
MuKpoOuonorun u Bupyconoruu. Yamku [letpu mpeaBapurenbHO ObLIH 3acesHBI
CyCIIeH3HEeH TECTOBBIX MITAMMOB MHKPOOPraHM3MOB KoHIeHTparmeit 1,5x10% CFU/
MJI U MHKyOupoBanuch npu temneparype 37£1°C B Teuenue 18-24 wacos (Binder,
I'epmanmust). [1yis 3aceBa HCIOIB30BAIN CTEPUIILHBIC BATHBIC TAMITOHBI, HX MTOTPYKalli B
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CYCIICH3MI0O MUKPOOPIaHU3Ma, 3aTeM CJIETKa OTKaB O CTEHKH MPOOUPKH, ITPUXOBAIN
B TpeX HampaBJIeHUsX, TOBOpauMBast yamky Ha 60°. 3aTreM mpu MOMOIIM CTEPUIBHOTO
LWIMHIPA Hape3aan 00pasibl B pOpMeE TUCKOB, THAMETPOM 6 MM, TIOCJIE YeTro MTOMEIIaH
WX Ha TIOBEPXHOCTb, NPEABAPUTEILHO 3aCEsHHOM TEeCT-LITaMMaMH{, IHTATEIbHOM
cpenbl. Mccnemyemble 0Opasiipl MOMEIIain Ha MOBEPXHOCTh arapa B 3 MOBTOpax.

Yamkyn naKyOupoBanu B Teuenue 18—24 vacos mpu temneparype 37+1°C (Binder,
Germany). YueT pe3yJbTaroB OCYILECTBISUICS MOICUCTOM AMAMETpa 30H 3aIEPiKKN/
MOAABJICHHUS POCTa C TOYHOCTHIO A0 1 MM.

Pesynbrarbl m o0cy:xaenue. [lieHOUHBIE KOMIO3MLIUK Ha OCHOBE arap-arapa
u xommiekca [1303 ¢ fiogom, moinydeHHbIE METOAOM IOJIHMBA, OBUTH OT KPAacHOTO JI0
TEMHO-KPAacHOTO IIBE€Ta, OAHOPOAHBIC U CO CIECHU(PHUYSCKUM 3armaxoM Hoia (Tabnuua
1). pH nenok 6611 B obnactu 5,5, yro coBnanaetr ¢ pH cOanancupoBannoii koxu. C
yBenrueHueM conepxanus [1903 B miieHOYHO KOMIIO3ULIUHN HAOIIOAAETCSl yBETUUCHHIE
TOJIILUHBI 1 U3MEHEHHE HHTEHCUBHOCTH OKPAcKH 00pasIoB.

Tatauma 1
On3NKO-XUMHUYECKIE CBOWCTBA MOTYyYSHHBIX IICHOK
CocTaB NJIeHOYHBIX pH Tonmmuna, OpraHoJienTHYecKHe CBOHCTBA
KOMIIO3H U MM
Arap-arap 5.6+0.05 | 2.784+0.89 | becuBeTHas, MArkas, ¢ pOBHOH MOBEPXHOCTHIO U
KHCIIOBATBIM 3aI1aXoM
Arap-arap/l, 5.5+0.01 | 2.90+0.5 CBeTI0-KpacCHOTO IBeTa, MATKas, C POBHOH

MOBEPXHOCTHIO U CHICHU(PHUECKIM 3aIIaxoM Hozia

Arap-arap/[TI203-L ] [1:1] |5.540.07 | 2.45+0.14 |KpacHoro  mpera, MsArkas, C  POBHOH
MOBEPXHOCTHIO M CHEM(UICCKUM 3a1riaxoM Hozia

Arap-arap/[TI203-1] [5:1] |5.6+0.04 | 3.85+0.73 | TeMHO-KpacHOro IBETa, MsTKas, C POBHOMH
TIOBEPXHOCTHIO 1 CHEI(DUICCKHUM 3aI1axoM ifoa

Arap-arap/[T1203-1,] [10:1] |5.5+0.3 |3.94+0.6 TemHO-KpacHOro 1BETa, MArKas, C POBHOM
MOBEPXHOCTBIO ¥ CIICU(PUICCKUM 3ariaxoM Hoja

CreneHb HaOyxaHUS SIBISIETCS OJHOW M3 BaXKHBIX XapaKTEPUCTUK IOJIMMEPHBIX
CHCTEM, KOTOPBIH MTOKa3bIBACT MPEAEIbHOE 3HAUSHHE TIOIVIOIEHNS )KUKOCTH JaHHBIMHU
cTpykTypamMu. Ha pucynke 2 mpesicTaBieHbl MOKa3zaTeld MaKCHUMaJIbHOW CTENEeHH
HaOyXaHus JUIsl IIEHOYHBIX KOMIIO3UIMI Ha ocHOBe arap-arapa/[I[1903:1,] ¢ cocraBom
[1:1], [5:1], [10:1], a Taxke JJis MJICHKKA HA OCHOBE YHCTOTO arap-arapa U IUICHKH Ha
OCHOBe arap-arapa/l,.

Kak BugHO 13 pucyHka 1 ¢ yBenndeHneM cofepKanus onu(2-3Tuii-2-0Kca3oInHa) B
IUIGHOYHBIX KOMITO3UIMSAX CTENCHb HaOyXaHUsl HECKOJIBKO YMEHBIIAETCS. DTO CBA3aHO
¢ xopoiuei pactBopuMocThio [I1903 B Boje mpyu HU3KOM TeMIepaType, 4To BIUSAET Ha
MoKa3aTeNb CTENeHN HaOyXaHus. Arap-arap — NPUPOAHBIA MOJIUMED, KOTOPBIH III0XO
pacTBOpsieTcs B Bojie mpu Temrieparype Huke 95°C. Bee 00pasifpl IICHOK JOCTUTAIOT
paBHOBECHOH cTereHH HaOyxaHus B Tedenue 30 MUH, MPH ITOM HE HaAOIIOAAETCS
JaTbHEHIIero CHI)KEHHS MX CTEeTIeHH HaOyXaHHsl.
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Pucynox 1 — 3aBHCHMOCTB CTelIeHN HaOyXaHUsI INICHOYHBIX KOMIIO3HUIINIT Ha OCHOBE arap-arapa u
komrutekca [[1903: 1] ot Bpemenn

Metonom UK-cmekTpockonmu ObUTa HWCCIEmOBaHA CTPYKTypa TOMYyYEHHBIX
IUIEHOYHBIX KOMIIO3MIIMI Ha OCHOBE arap-arapa u komiekca [[1903: 1]. [lnsg nnenku
Ha OCHOBe arap-arapa Ha HK-cmextpe nabmromaercs mmpokmii muk Ha 3304,08
cM !, cooTBeTCcTByromuid ruapokcuiabHOW Tpymnme (OH), muk ma 2934,01 cMm!
COOTBETCTBYET BaJICHTHHIM Kojiebanmsim (-C-H), a muk mHa 1416,02 cM™! cOOTBETCTBYET
nedopmanmonaeiM - konebanusaM  (-CHz). [Jlnsa [1D03 wabmromaroTcs Cemyrontue
xapaktepuctuieckne muku mpu 1422—-1455 ecm! (-CHz), 1637,83 cm! (-C=0), 2975
cm ! (-C-H) u 1274,51 em™' (-C-N). Jlns nuieHok Ha ocHoBe arap-arapa/ [11903- ]
(pucyHok 2) Takke Obutnm oOHapyxkeHbl MUKU Ha 3399,01 cM™', COOTBETCTBYIOIIHEC
rpynrie (OH), 2900,13 cm' (C-H), 1431,05 cm!' (CH2), 1374,25 cm!' (C-N) u
1637,82 cm™! (C=0). Habmromaemsrii casur ot 3304,08 cm!' mo 3399,01 cm™' u or
1274,51 ecm™' mo 1374,25 cm™' MokeT OBITH CBSI3aH C OOpa30BaHUEM BOIOPOIHOM
CBSI3M MEKIy THAPOKCWIBHON TPYIIIOi arap-arapa u azotom [1903. 1o pesymsraram
HK-criexkTpockonuu ObllIa TIPEUIOKEHAa CXeMa OO0pa30BaHUS BOIOPOMHBIX CBS3CH
Mexay arap-arap u 11203 (pucyHok 3), a Takke KOMIUIEKCa C TIEPEHOCOM 3apsiaa
Mexay [1503 n IZ/KI.

PN —

\ SN ‘

163782

Pucynoxk 2. MK-criekTp MieHO4HOH KOMITO3HIIMA Ha OCHOBE arap-arapa/ [[1503: L] [10:1]
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Pucynox 3. Cxema B3anmonielictsus arap-arap, [1903 u 1/KI

B pabGore OBUI0O HU3YyYEHO KYMYJISTHBHOE KOJMYECTBO BBICBOOOMKACHHOTO
ona W3 IUIEHOYHBIX KoMmo3umui. OCHOBHOW peakuued, MpoTeKaroIed npu
komIuiekcooopazoBanuu 1903 ¢ fiomom, sBisieTcs oOpa3oBaHWE TPHUHOTUI-HOHA
MIpY B3aUMOJICHCTBUM MOJEKYJIIpHOro Honma ¢ HoauaoM kamus. [[nsi koMIuiekcoB
nojuMepa ¢ HOAOM XapakTepHCTHUECKUM sBisieTcs nuk npu 352 um (Makhayeva,
et al, 2023:112573), moatomy B JaHHO# paboTe BHICBOOOXKACHUE Hofa (PUKCHPOBAIH
Ha Y®-cnekrpodoromerpe mpu A=352 HM. B mpoBeaeHHOM 3KcmepuMeHTE 0Opasell
Haxoawics B (ocdarHom Oydeprom pactBope mpu pH-5,5 u Ttemmeparype 37 °C B
TedyeHue 4 4acoB, YTO BOCCO3/1aeT peaybHble ycinoBus. M3 pucynka 4 BUJHO, 4TO A
IJICHOYHOH KOMIIO3MLMM Ha ocHOBe arap-arapa/ [I1203: L] [10:1] makcumanbHbie
16,5 % i#ioga BeicBoOOXKAaercs 3a 120 MuHYT, a B TeueHue 240 MUHYT cOXpaHsieTcs
Ha ypoBHe 14 %, uto cootBercTByeT 0,24 Mr/min Hoaa. Ilo nuTepaTypHBIM JaHHBIM,
Oe3omacHbie OaKTEPHIIUHBIC CBONCTBA Hoa HaxoasaTcs B quanaszone 0,12—0,24 mr/mit.
[Ipu 3ToM ¢ ymenbienueM coaepxkanust [1903 B mneHouHoit komno3unuu ¢ [10:1] no
[1:1] mpoMCXOIUT yMEHBIICHUE KOJMYECTBA BBHICBOOOXKAAEMOT0 HO/a, YTO CBSI3aHO C
ocnabieHreM KomIiekcooopazoBanust. A B ruieHke 6e3 [1903 crenens BHICBOOOKICHNUS
coctraBuia 12 % 1 co BpeMeHeM 3TO 3HaueHHE YMEHBIAeTCsl N3-32 BBIMBIBAHUS HOJA.
Takum o0pazom, [1903 B JaHHBIX KOMIIO3UIMAX BBITOIHAET POJIb IIACTH(HUKATOPA U

BCIIECTBA, YACPKHUBAKOLIETO ﬁOﬂ B ITIJICHKEC.
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PucyHnok 4. KyMyasTHBHBII TPOQHIL BEICBOOOXKICHHS H0/1a M3 IICHOYHBIX KOMITO3UIIHN
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Kak u3BEeCTHO M3 JIUTEpaTypbl, aHTUMHKPOOHBIC ¥ aHTHBUPYCHBIC CBOWCTBA iHona
CBSI3aHBI C €r0 CIOCOOHOCTBHIO OKHUCIATH -SH mim -OH rpynmbl CTPpyKTYpHBIX OSITKOB
Y MUKPOOHBIX KJICTOYHBIX (DEPMEHTOB, YTO MPUBOAUT K MHAKTHUBALUH ITUX OCIKOB U
rude MUKpoopranu3MoB. biaarogaps 3ToMy Hecrielu(UuecKOMy MEXaHU3MY ICHCTBHS
Hox (P QeKTHBEeH NMPOTHB MHOKECTBA T'PAMIOJIOKHUTEIBHBIX M TPaMOTPHLATEIBHBIX
OakTepuil, Takux Kak Staphylococcus aureus, Streptococcus faecalis, Escherichia coli,
Eberthella typhosa, Klebsiella pneumoniae, Proteus vulgaris, Shigella dysenteriae,
Bacillus subtilis, a Taxxe XJaMUAUNA, MUKOIUIA3M, TPUOOB, BUPYCOB U MPOCTEHIINX
MHUKPOOPTaHH3MOB.

AHTUBHpPYCHBIC U (DYHTHIIHIHBIC CBOWCTBA OBUIM M3y4YEHBI TUCKO-TU(P(Y3HOHHBIM
METOJIOM MHTHOMPOBAHUS POCTa MUKPOOPTaHU3MOB Staphylococcus aureus u Candida
albicans. coorBercTBeHHO. Ha pucyHKke 5 mpeacTaBlieHbl AUarpaMMbl CO 3HAYCHUSIMU
30HBI TIOJIABJICHUS POCTA TICHOYHBIX KOMITO3HUIIHUIA.

[IneHounsie kommo3unuu Ha ocHoBe arap-arapa/[IIDO03]:[iiox] [5:1] u arap-
arapa/[I1203]:[#ioa] [10:1] neMOHCTPUPYIOT MPAKTHYECKH OJMHAKOBYIO aKTHMBHOCTb
1O OTHOIIEHMIO K Staphylococcus aureus, ¢ 30HaMH TOAABICHHS POCTA, PAaBHBIMU
coorBerctBenHo 10,0£0,00 mm u 10,67£0,58 mMm. B TO Xe BpeMs IJICHOUYHBIE
KOMIO3UILIMY Ha OCHOBE arap-arapa u arap-arap/l, He nposB/IAIOT aKTUBHOCTH IIPOTHB
TecToBoro mramma Staphylococcus aureus (pucyHok 4). IIneHOYHBIE KOMITO3HLIUH
Ha ocHOBe arap-arapa/[[1203]:[fion] [5:1] wu arap-arapa/[[1D03]:[tion] [10:1]
MOKA3bIBAIOT OIMHAKOBYIO (PYHTHIMAHYIO aKTUBHOCTB IPOTUB pocta Candida albicans
¢ 30HaMH noAasieHus pocrta, paBHbIMH 11,0+£0,00 mm. KoHTponbHbIe 00pasiibl — arap-
arap/l, u arap-arap He IIPOJEMOHCTPUPOBANH (YHIULMAHON AKTUBHOCTH MPOTUB
TecToBOro mramma. Ilnenodynas kommosuuus Ha OCHOBe arap-arap/l, He mpossuia
AQHTUBHPYCHYIO M (DYHIMUUIHYI aKTHBHOCTH W3-32 OTCYTCTBHUS B KOMIIO3WIMU
BEILIECTBA, YIEP)KUBAIOLIECTO HOI.

B nporecce uccnenoBanus o yIeTy4YUBaeTCS U3 KOMITO3ULINH.

Staphylococcus aureus Candida albicans
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Pucynox 5. CpaBHUTENbHbIC JaHHBIE 30HBI HHTHOUPOBAHMUS POCTa MUKPOOPTraHu3MoB Staphylococcus
aureus u Candida albicans 1Jist IIIEHOYHBIX KOMITO3ULIMI
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3ak/rouenune

Takum 00pazoM ObUIM TONYy4YEHBl TUICHOYHBIC KOMIIO3WIMM HA OCHOBE arap-
arapa/[[1903]: [#ioa] ¢ MonbHbIM copepxanueM [1903 pasubiM [1:1]; [5:1]; [10:1].
Uzyuenne QpU3NKO-XUMUYECKUX CBOWCTB KOMIIO3UIMI MOKA3aJ10, YTO C YBEINYCHUEM
comepkanus 1903 B TUICHOYHON KOMITO3UIIMK TPUBOAUT K CHIKCHHUIO CTETICHH
HaOyxanus. pH nuieHok 0611 B obmacta 5,5, uro coBnanaer ¢ pH cOanancupoBaHHOM
koxku. C yBenuuenuem cojepxanug [1903 B miIeHOYHON KOMIO3UIIMKA HaOIIONAETCs
yBEIMUEHHE TONIIMNHBI 1 M3MEHEHNE HHTCHCUBHOCTH OKpacku o0pasnos. MccienoBana
KHHETHUKA BBICBOOOXKICHHUS MOJAa M3 INICHOYHBIX KOMIIO3ULHMHI. YCTAHOBJIEHO, 4YTO
IJIEHOYHbBIE KOMIO3UIMK Ha ocHOBe arap-arapa/ [[1903: L] [10:1] BeicBOGOXK1ar0T
16,5 % axtuBHOrO #ioga B Teuenue 120 muHyT, yTO coorBeTcTBYeT 0,24 Mr/mi iona.
Pesynbrars! ncciaenoBaHui 30HBI HHTHOMPOBAHUS POCTAa MUKPOOPTAaHU3MOB TOKa3alu
TIOJIOKUTETLHYIO aKTUBHOCTB TIPOTUB Staphylococcus aureus n Candida albicans.

Pabota BeimonHeHa npu (GUHAHCOBOH MoaiepkKe MUHUCTEPCTBA HAYKU U BBICIIETO
obpazoBanusi PK mo npoexry XKac Fanemm va 2023-2025 rr. AP19176452 «3yuenue
KOMITJIEKCOOOpa3oBaHusi Mon(2-0KCa30JMHOB) ¢ HOAOM JUIsl CO3/aHUS HOBBIX
AHTUMHUKPOOHBIX OHOMAaTEpPHAIIOB).
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Abstract. The non-alternant aromatic hydrocarbon azulene is gaining attention as a
modular building block for organic n-conjugated materials due to its dipolar structure
and unique electronic and optical properties.

Inthisstudy,newpyrrole-azulenen-conjugated co-oligomers—3,6-Bis(5-(1-azulenyl)
thiophen-2-yl)-2,5-di(2-ethylhexyl)pyrrolo[3,4-c]pyrrole-1,4-dione 5 and 3,6-Bis(5-
(2-azulenyl)thiophen-2-yl)-2,5-di(2-ethylhexyl)pyrrolo[3,4-c]pyrrole-1,4-dione 7 —
were synthesized by reacting 2-(1-Azulenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolanes
and 2-(2-azulenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolanes with 3,6-bis(5-bromo-
2-thienyl)-2,5-bis(2-ethylhexyl)pyrrolo[3,4-c]pyrrole-1,4-dione via Suzuki-Miyaura
cross-coupling in the presence of a palladium catalyst. The chemical structure and
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purity of the synthesized co-oligomers 5 and 7 were confirmed using NMR (‘H and
BC), IR spectroscopy, mass spectrometry, and elemental analysis. It was established that
the resulting regioisomeric oligomers 5 and 7 are stable compounds and fully soluble
in organic solvents such as dichloromethane, chloroform, toluene, chlorobenzene, and
tetrahydrofuran at room temperature. This molecular design leverages both the dipolar
nature of azulene and its capability for protonation-deprotonation reactions through the
electron-donating five-membered ring. The photophysical properties of the pyrrole-
azulene m-conjugated co-oligomers were characterized by UV-Vis and fluorescence
spectroscopy. It was shown that, under protonation with trifluoroacetic acid, the co-
oligomers exhibit significant changes in their absorption spectra in the UV-visible
region, with increased intensity and a red shift of absorption maxima up to 830 nm,
indicating a significant reduction in the HOMO-LUMO energy gap due to extended
conjugation and enhanced m-electron delocalization. These results demonstrate that the
incorporation of azulene units into heterocyclic conjugated oligomer structures holds
great potential for developing new proton-sensitive organic functional materials.

Key words: azulene, m-conjugated azulenes, azulene oligomers, cross-coupling,
electron absorption, proton sensitivity.
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AHHOTAanuUsl. A3yleH — albTePHAHTTHI €MEC apoMaTThl KOMIPCYTEeK, OHBIH
epeKIIe IHITONbAI XUMHUSUIBIK KYPBUIBIMBI, COHJAl-aK epeKIle 3JIEKTPOHIBIK >KOHE
OIITHKAJIBIK KAaCHETTEpl jKaHa OPTaHHKAIbIK M-KOHBIOTAlUsUIaHFaH (YHKIMOHAIIBIK
MarepuanapAbl KypyFa apHalFaH bIKTUMall MOIYJBAIK KYPBUIBIC MaTepHalibl peTiHae
KOl Hazap ayaapTajbl.

Kymeicta  2-(1-Asynenun)-4,4,5,5-rerpamerni-1,3,2-auokcodopanangap  MeH
2-(2-Azynennn)-4,4,5,5-terpamerui-1,3,2-nnokcobopananiap Cysyku-Musiypa
Kpocc-0aliIaHbICTBIPY peakIUsIChIHIA TNaJDIaiidi KaTalu3aTOPbIHBIH KaThICybIMEH
3,6-buc(5-6pomo-2-tuenui)-2,5-0uc(2-3tuirexkcust ) nupposio[ 3,4-c Jnupposn-1,4-
JUOHMEH OpPEKETTECIN, KeJecli jKaHa MUPPOJIO-a3yleHI T-KOHBIOTalUsJIaHFaH
coronumepiep CUHTE3ETIL: 3,6-buc(5-(1-azynenun)ruoden-2-mn)-2,5-1u(2-
THATEKCHI ) TUppoIio| 3,4-cJmuppoi-1,4-nuoH 5 xoue 3,6-buc(5-(2-azynenun)ruoden-
2-mi)-2,5-nu(2-stunrekcun)muppoio| 3,4-cjuuppon-1,4-nuon 7. CuntesgenreH 5
koHE 7 COMOIMMEpIICeP/IiH XUMUSUTBIK KYpbhUIbIMBI MeH Ta3anbirbl SIMP ("H xone C),
UK crnekTpocKomusIChl, Macc-CIIeKTPOMETPHS KOHE JJIEMEHTTIK Talfay o/icTepiMeH
JONENACHl. AJIBIHFaH PErHoU30MEepii COMOMUMEPIEPAiH TYPaKThl KOCBUIBICTAp
CKEHI JKOHE IUXJIOPMETaH, XJI0podopM, TOJYOJ, XJIOPOCH30J, TeTparuapodypaH
CUSIKTBI OpTaHUKAIIBIK epiTKIINTepJe OeJiMe TeMIepaTypachlHAa TOJNBIK EpHUTiHI
aHBIKTAIIBl. MyHIall MOJEKYJIanblK KOHCTPYKIHUS a3yJeHHIH IUIONbIIK TaOUFaThIH
Jla, OHBIH DIEKTPOHIOHOPIBI Oec Mymieni cakuHa OOWBIHAA MPOTOHIAHIBIPY-
MPOTOHIAHCHI3IAH/BIPY peakUusIapblHa TYCYy KaOUIeTIH Jie maijaaHaThbIHbI
KOpPCETUITeH. AJIBIHFAH MUPPOIO-a3yJeH Il T-KOHBIOTAIMIIAHFAH COIOIMMEPIIEPIiH
¢doroduznkanbiK Kacuerrepi Ynerpakyirin-kepinerid (UV-Vis) xxoHe ¢ayopecueHus
CTHEKTPOCKOIUSACH]  QiCTepiMEH cumarTaiibl. YHIQTopcipke KBIIKBUIBI apKBLUIBI
NPOTOHJAJIFAH JKarjaiija comoiauMepiiepaiy YiabrpakyiriH-kepinetrin (UV-Vis)
aiiMarbIH/IA JKYTBHUTY CIIEKTPJICPiHIH aliTapibIKTail e3repicrepi 6alKanbl, OYII KYTHITY
MakCUMyMJapbiHbiH 830 HM-Te¢ JCHIH KbI3bUI BIFBICYbl JKOHE WHTCHCHBTUIITIHIH
apTybIMEH CHIATTANJBL. ByJl HOTHXKENep T-3NEKTPOHIAP/AbIH JICIOKATU3AIHSIChIHBIH
WIFalObl MEH KOHBIOTAIMSHBIH KEHEIOiHe OalIaHBICTBl €H JKOFaprbl 00C emec
MOJIEKYJIAJIBIK OpOUTANIb — €H TOMEHT1 00c¢ MoneKynanblk opoutans (HOMO-LUMO)
MOJICKYJIAJIBIK  OpOMTAIbIAPBIHBIH JHEPreTUKANIBIK —aJIIAKTHIFBIHBIH TOMEHJIETCHIH
KOPCETTI. AJIbIHFAH HOTHIKEIIEP a3yJIeH 11 OJIOKTap bl TeTEPOIMKIIII KOHBIOTAlUsJIaHFaH
OJIUTOMEPJICP/IIH ~ KYPbUIBIMBIHA ~ CHTI3Y[IH JKaHa MPOTOHJABIK  OPTaHHMKAJBIK
(GYHKIIMOHAIIBIK MaTepHalIap bl )Kacayra YJIKEH dJieyeTi 0ap eKeHiH Jaiemueii.

Tyiiin ce3aep: asyneH, m-KOHBIOTAIMSIIAHFAH a3yJCHICP, a3yJeH OIUromeplepi,
Kpocc-0aitIaHbICTBIPY, EKTPOHAAP/IBI KYTY, TPOTOHAAPFA CE31IMTaJIBIK.
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AnHoTaumus. HeanbrepHaHTHBIM apoOMaTUYECKU YIJIEBOJOPOJ a3yJieH Kak
MOTEHIMATBHBIA MOTYJIHBINA CTPOUTENBHBIN OJIOK JIJIsl CO3/IaHHSI HOBBIX OPraHUYECKUX
T-COTIPSDKEHHBIX (DYHKIIMOHANBHBIX MaTEpUANIOB MPUBJIEKAET BCE OOJIbIIE BHUMAHHS
Onarozapsi CBoei yHUKaJIbHOW JUMOIBHON XUMHUECKOM CTPYKTYPE, a TAK)KE 0COOCHHBIM
ANIEKTPOHHBIM U ONITUYECKUM CBOHCTBaM.

B nannHoii pabGote B3aumopeiictBueM 2-(1-Azulenyl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolanes u 2-(2-Azulenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolanes ¢ 3,6-Bis(5-
bromo-2-thienyl)-2,5-bis(2-ethylhexyl)pyrrolo[3,4-c]pyrrole-1,4-dione B  ycioBuAx
Kkpocc-couetanusi Cy3yku—Mustypbl B TIPUCYTCTBUH MaJJIaJUEBOTO Karajau3aropa
OBUIM CHHTE3MPOBAHBI HOBBIC IMHUPPOJI0-a3yJCHOBBIE TT-COMPSIKCHHBIE CO-OJIUTOMEPHI:
3,6-Bis(5-(1-azulenyl)thiophen-2-yl)-2,5-di(2-ethylhexyl)pyro-lo[3,4-c]pyrrole-1,4-
dione 5 wu 3,6-Bis(5-(2-azulenyl)thiophen-2-yl)-2,5-di(2-ethylhexyl)pyrrolo[3,4-c]
pyrrole-1,4-dione 7. XuMudeckoe CTpPOCHHME W YHCTOTAa CHHTE3UPOBAHHBIX CO-
onuromepoB 5 u 7 6butn okazansl IMP (IMP 'H u '*C), UK, macc-cniekrpoMeTpueit
W JJIEMEHTHBIM aHAJIM30M. YCTAHOBIECHO, YTO TMOJYYCHHBIE PETHOM30MEpPHBIC CO-
OJIUTOMEPHI 5 1 7 SIBISIOTCS CTAaOMIIBHBIMU COCIMHEHHUSMU M TIOTHOCTBIO PACTBOPUMBI
B OpraHMYEeCKHX pACTBOPUTENSIX, TAKWX KakK JUXIOPMETaH, XJOpOo(pOpM, TOIYOI,
xnopOeH3o0i1, TerparuapodypaH npu KoMHaTtHOW Temmeparype. I[lokazaHo, dTO
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Takasi MOJIEKYJISIpHAs KOHCTPYKLUS MCIONb3YeT KaK AWUIIOINbHYIO IPUPOAY Aa3YJICHA,
Tak M €ro CIocoOHOCTh K PEakUusM NPOTOHUPOBAHUS — ACMPOTOHHPOBAHUS IO
ANEKTPOHOJOHOPHOMY ISITUWICHHOMY HUKITY. DoTodusnyeckre CBOWCTBA MOTYYEHHBIX
MTUPPOJIO-a3yJICHOBBIX T-COMPSDKEHHBIX CO-OJIMTOMEpoB oxapakTtepuzoBanbl UF-Vis
u (QIayopecueHTHOH cnekrpockonuei. [lokazaHo, 4YTO, MOTYYEHHBIE CO-OIUTOMEPHI
B YCJIOBUSIX TPOTOHUPOBAHUS TPHU(PTOPYKCYCHOH KHCIOTOM AEMOHCTPUPYIOT
3HAUUTETbHbIC W3MEHEHHUS CIEKTPOB MorIouieHuss B YD-BUIUMOH o001acTH ¢
MOBBIILIEHUEM MHTEHCUBHOCTH U KPAaCHBIM CMELICHUEM MAaKCHUMyMOB IONIOLICHHS
710 830 HM, yka3bIBaolllee Ha CYLIECTBEHHbIE YMEHBIIEHUS SHEPreTHYECKOW IIenn
MoJiekysipHbeIX opbutaneiit HOMO-LUMO BcnenctBue pacliMpeHHs CONPSKEHHS
A pOCTa JCJIOKAIU3ALUK T-NIEKTPOHOB. llomydeHHBbIE pe3ynbrarbl NEMOHCTPUPYIOT,
YTO BBEACHHE a3yJICHOBBIX 3BEHBEB B CTPYKTYPY I'€TEPOLIUKIMYECKUX CONPSKEHHBIX
OJIMTOMEPOB HMEIOT OOJBIIONW MOTEHUWAN Uil pa3pabOTKH HOBBIX TMPOTOHHBIX
OpraHnyecKuX (GyHKIHOHATBHBIX MaTePUAIIOB.

KuroueBble ci10Ba: a3yneH, mT-CONpsHKEHHBIE a3yJIeHbI, OJIMTOMEpPHI a3yJieHa, Kpocc-
COUYETaHue, MOITIOLEHUE IEKTPOHOB, YyBCTBUTEIILHOCTD K IIPOTOHAM.

Introduction. The development of a new strategy for the synthesis of functional
materials is of considerable interest in terms of improving electronic devices such as
molecular switches, field effect transistors (OFETs), light emitting diodes (OLEDs),
solar cells (OSCs), nonlinear optical (NLO) and others (Wang, et.al.,2004; Dong, et.al.,
2016; Ou, et.al.,2019; Kurotobi, et.al., 2006; Cristian, et.al., 2004;Yamaguchi, et.al.,
2016; Nishimura, et.al., 2015). In this direction, research focuses on the application of
various building blocks that can fine-tune the electronic structure of the material and
lead to improved efficiency and productivity of devices (Foggi, et.al., 2003; Mrozek,
et.al., 2001; Ito, et.al., 2003; Salman, et.al., 2005).

To date, the most effective molecules as a building block are non-alternative aromatic
hydrocarbons, for example, azulenes. The choice of azulene 1 was predetermined by its
unusual polarized structure, which can be considered as a tropylium cation condensed
with a cyclopentadienyl anion (Figure 1). Azulene, in contrast to its isomer naphthalene,
is colored dark blue due to the reduced aromaticity in conjunction with the large dipole
moment of the order of 1.08 D (Chiu, et.al., 2014). Along with this, its low ionization
energy and increased electron affinity provide tuning photophysical properties similar
to fullerene compounds (Xia, et.al., 2014).

Here we report the synthesis of novel pyrrole-azulene n-conjugated co-oligomers 5 and
7, via Suzuki — Miyaura cross-coupling reaction using Pd(PPh,), as catalyst. This molecular
design takes advantage of both the dipole nature of azulene and its ability to undergo
protonation-deprotonation reactions along the electron-donor five-membered cycle.

Methods and Materials. NMR spectra of 'H and '*C were recorded on a Jeol ECA-
500 MHz spectrometer in CDCI3 at room temperature using tetramethylsilane (TMS)
as an internal standard. The NMR spectrometer operating frequencies were 500,15
MHz ('H) and 100,61 MHz ("*C). IR spectra were recorded on a Fourier spectrometer
Avatar-360 in KBr tablets. Mass spectra (EI, MALDI-FT) were taken on a Thermo
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Fisher Scientific LTQ FT Ultra mass spectrometer. Absorption spectra were recorded on
a Shimadzu UV-1800 spectrophotometer.

Commercially available reagents and solvents: azulene, Bis(pinacolato)diboron,
3,6-Bis(5-bromo-2-thienyl)-2,5-bis(2-ethylhexyl)pyrrolo[3,4-c]pyrrole-1,4-dione,
Pd(PPh,),, [IrCl(cod)],, Ag,CO,, THF, toluene, DMF and others were used without
further purification. Bromoazulene 2 and 2-(2-Azulenyl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane 6 were synthesized according to the literature methods.

2-(1-Azulenyl)-4,4,5, 5-tetramethyl-1,3,2-dioxaborolane (3). To the mixture of
1-bromoazulene 2 (54 mg, 0.3 mmol) and Bis(pinacolato)diboron (83 mg, 0,33 mmol)
in THF (5 mL) was added Pd(PPh,), (12 mg, 0,01 mmol) and Ag,CO, (275 mg, I mmol)
under argon. The mixture was stirred at 75 °C for 18 hours and then cooled to room
temperature. Water (20 mL) was added and then extracted with dichloromethane (3 x 20
mL). The combined organic extracts were dried over MgSO,, evaporated in vacuo and
finally purified by column chromatography on silica gel using hexane: EtOAc (4:1) to
give a violet crystal (66 mg, 88% yield). M.p. 56-57°C. "H NMR (CDCI,, 500,15 MHz):
6 1.43 (s, 12 H), 7.30 (t,J=9.7 Hz, 1 H), 7.40 (t, ] =9.9 Hz, 1 H), 7.43 (d, J=3.7 Hz,
1 H), 7.68 (t, J=9.9 Hz, 1 H), 8.36 (d, J =3.7 Hz, 1 H), 8.42 (d, J = 9.5 Hz, 1 H), 9.20
(d, ] =9.7 Hz, 1 H). "C NMR (CDCl,, 100,61 MHz): 524.96, 82.89, 119.03, 124.64,
125.13,136.42, 137.39, 138.24, 144.62, 145.59, 147.07. HRMS (EI): m/z [M]" calcd for
C,H ,BO, 254.1927; found, 254.1909.

3,6-Bis(5-(1-azulenyl)thiophen-2-yl)-2,5-di(2-ethylhexyl)pyrrolo[3,4-c]pyrrole-
1,4-dione (5). To the mixture of 33,6-Bis(5-bromo-2-thienyl)-2,5-bis(2-ethylhexyl)
pyrrolo[3,4-c]pyrrole-1,4-dione 4 (68 mg, 0,1 mmol) and 2-(1-Azulenyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane 3 (56 mg, 0,22 mmol) in toluene (5 mL) and DMF (0.5
mL) were added Pd(PPh,), (12 mg, 0.01 mmol) and Ag,CO, (181 mg, 0,66 mmol)under
argon. The mixture was stirred at 85°C for 18 hours and then cooled to room temperature.
Water (20 mL) was added and then extracted with dichloromethane (3 x 20 ml). The
combined organic extracts were dried over MgSO,, evaporated in vacuo and finally
purified by column chromatography on silica gel using hexane: EtOAc (2:3) to give a
dark blue solid (46 mg, 60% yield). IR v/cm-1: 1610 cm-1 (C=0). 'H NMR (CDCIL,
500,15 MHz): 0.72—-1.10 (m, 30H), 4.25 (br, m, 4H), 6.50 (br, m, 4H), 7.05-7.07 (m, 2H),
7.62-7.83 (m, 7H), 8.0 (m, 2H), 8.21-8.25 (m, 1H), 8.53-8.51 (m, 2H). "C NMR (CDCI,,
100,61 MHz): 6 10.7, 13.9, 23.1, 23.6, 28.6, 30.4, 39.4, 46.6, 106.5, 109.9, 118.5 119.1,
123.1, 124.9, 125.2, 132.4, 134.7, 135.9, 136.2, 137.8, 139.1, 143.4, 143.7, 155.4, 161.3.
HRMS (EI): m/z [M]" caled for C, H,N,O,S,776.3725; found, 776.3705

3,6-Bis(5-(2-azulenyl)thiophen-2-yl)-2,5-di(2-ethylhexyl)pyrrolo[3,4-c]pyrrole-
1,4-dione (7). To the mixture of 3,6-Bis(5-bromo-2-thienyl)-2,5-bis(2-ethylhexyl)
pyrrolo[3,4-c]pyrrole-1,4-dione 4 (68 mg, 0,1 mmol) and 2-(2-Azulenyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane 6 (56 mg, 0,22 mmol) in toluene (5 mL) and DMF
(0.5 mL) were added Pd(PPh,), (12 mg, 0.01 mmol) and Ag,CO, (181 mg, 0,66 mmol)
under argon. The mixture was stirred at 85 °C for 18 hours and then cooled to room
temperature. Water (20 mL) was added and then extracted with dichloromethane (3 x
20 mL). The combined organic extracts were dried over MgSO,, evaporated in vacuo
and finally purified by column chromatography on silica gel using hexane: EtOAc (2:3)
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to give a dark blue solid (61 mg, 80% yield). IR (KBr): 1610 cm-1 (C=0). 'H NMR
(CDCl,, 500,15 MHz):  0.72 (m, 6H), 1.08 (m, 24H), 4.26 (m, 4H), 7.00 (m, 2H),
7.40-7.43 (m, 2H), 7.59-7.68 (m, 2H), 7.76 (m, 2H), 7.86-7.90 (m, 2H), 8.12 (m, 2H),
8.34 (m, 2H), 8.27 (m, 2H). *C NMR (CDCI3, 100,61 MHz): 6 10.6, 14.1, 23.3, 23.6,
28.5, 30.4, 39.4, 46.8, 107.7, 113.0, 113.6, 123.4, 124.5, 132.7, 136.6, 137.0, 137.1,
141.3, 145.0, 155.3, 161.2. HRMS (ED): m/z [M]" caled for C, H,)N,O,S, 776.3725;
found, 776.3707.

Results and discussion. Synthetic routes leading to pyrrole-azulene conjugated co-
oligomers 5 and 7 are shown in Schemes 1 and 2. As can be seen from Scheme 1,
bromoazulene 2 was synthesized according to the literature methodology (Merkhatuly,
et.al,, 2023). The borylation reaction of 2 with Bis(pinacolato)diboron in THF in
the presence of Pd(PPh,), then leads to the key compound 2-(1-Azulenyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane 3 in high 88% yield.

Further, the Suzuki-Miyaura cross-coupling reaction between pyrrole-dione 4 and 3
in toluene in the presence of Pd(PPh,), catalyst gives the final co-oligomer 5 in good 60%
yield. Another key molecule 2-(2-Azulenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane 6
(Scheme 2) was prepared by direct C,-H borylation of azulene according to the literature
methodology (Kurotobi, et.al.,2003).

Similarly, the Suzuki-Miyaura reaction between 4 and 2-(2-Azulenyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane 6 results in the co-oligomer 7 product with high yield
of 60%. The obtained regioisomeric co-oligomers 5 and 7 are completely soluble in
organic solvents such as dichloromethane, chloroform, toluene, tetrahydrofuran at room

temperature.
1

Figure 1. Polarized resonance structure of azulene 1.

7
» i 0 Br Bpin), o By

C4H,

N
-CoH

C,Hy
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Scheme 1. Reagents and conditions: (i) NBS, DCM, tt; (ii) Pd(PPh,),, Ag,CO,, THF, 75°C; (iii)
Pd(PPh3) » Ag,CO,, toluene, DMF, 60°C.
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Scheme 2. Reagents and conditions: (i) [IrCl(cod)],, 2,2-bpy, cyclohexane, reflux; (ii) Pd(PPh,),,
Ag,CO,, toluene, DMF, 60°C

The absorption spectra of co-oligomers 5 and 7 in UV-Vis range in dichloromethane
(DCM) at room temperature are presented in Figure 2 and the corresponding data are
summarized in Table 1. To evaluate the efficacy of m-conjugation through a thienyl
spacer, the electron spectra of the co-oligomers were compared with the baseline
pyrrolopyrrole-dione 8 (Table 1, Figure 2). As can be seen, 5 and 7 show significant
redshifts in the visible region at 110 and 133 nm relative to compound 8, indicating the
decrease in the energy gap of the frontal molecular orbitals of HOMO-LUMO due to the
expansion of the m-conjugation and the growth of delocalization of m-electrons.

It should be noted that regioisomeric co-oligomers 5 and 7 show significant
absorbances in the long wavelength part of the spectrum in the range 560-720 nm,
which are characteristic of materials of solar cells and near IR dyes (Kurotobi, et.al.,
2006; Cristian, et.al.,2004; Yamaguchi, et.al., 2016). In addition, there is one broad band
in the spectrum and the hypsochromic shift at 23 nm of the absorption maximum of 5
compared to 7. This can occur as the result of the decrease in the energy gap HOMO
- LUMO with the C, replacement of the five-membered azulene cycle 7, showing the
discrete vibration structure (Figure 2).
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Table 1 - UV-Vis absorption data for 5, 7 and 8 in DCM (1x10-° M) at rt

Absorption
Co-oligomers Unprotonated Protonated
Solvent A M g, Mlem™! Solvent ¢ Ao M
5 416 4000 420
DCM 601 15200 TFA/DCM (2:8) 586
650 17000 628
431 8800 433
7 620 19000 622
DCM 673 21000 TFA/DCM (2:8) 798
355 14600 352
8 DCM 500 21000 498
540 37500 TFA/DCM(2:8) 538
“ DCM/TFA = volume to volume
4
5
2
8
3
o1
=
2
:5 2
2
-
1
[
350 A0 530 630 T50

Wavelength, nm

Figure 2. UV-vis absorption spectra of 5, 7 and 8 in DCM at 1t.

Under the conditions of protonation of co-oligomers 5 and 7 with trifluoroacetic acid
(when adding 5%, 10%, 15% and 20% TFA) in DCM (Figure 3, Table 1), the significant
changes are observed in the electron spectra with the slight (about 22 nm) shift in the
absorption maximum at 5 compared to the very significant (about 198 nm) red shift
at oligomer 7. For comparison, starting compound 8 was subjected to the same acid
treatment and its absorption spectra showed no change in absorption (Table 1). This
observation indicates that protonation proceeds exclusively along the azulene part of
molecules 5 and 7, which gives the 6 m-electron tropylium cation (Figure 1), and not
along the nitrogen atoms of the pyrrolopyrrole-dione link.

Stepwise changes in absorption spectra in the visible region during protonation of
TFA were also found.

When 20% TFA was added, oligomer S showed the decrease in absorbance at 650
nm and the appearance of new bands with maxima at 586 and 628 nm (Figure 3, a). At
TFA concentrations of 15 and 20%, 7 shows the new absorption band at 830 nm, which
gradually shifts to the blue region to 798 nm with increasing intensity and isosbestic
point at 693 nm (Figure 3, b). In addition, color changes are observed in solutions of
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co-oligomers 5 and 7 when different amounts of TFA are added (Figure 3). So, solution
5 goes from blue to dark blue, and 7 from blue to dark green.

It should be noted that neutralization of acidic solutions 5 and 7 with triethylamine
leads to the reduction of the original UV-vis spectra of neutral states, which indicates a
completely reversible protonation-deprotonation process.

Absorbance
Absorbance

T T T T T
350 450 550 650 750 850 950

0
350 450 550 650 750 B30
‘Wavelength, nm

Wavelength, nm

Figure 3. UV-vis spectra (a) 5 and (b) 7 under TFA protonation conditions in DCM.

Conclusion. Thus, new pyrrole-azulene n-conjugated co-oligomers 5 and 7 were
synthesized by the Suzuki-Miyaura cross-coupling reaction with high yields. Co-
oligomers show significant redshifts in the visible region relative to the parent molecule:
in neutral states up to 673 nm, and in protonated states up to 830 nm, which indicates
significant decreases in the energy gap of the frontal molecular orbitals of HOMO-
LUMO, due to the expansion of conjugation and growth of delocalization of n-electrons.
Solutions of the resulting co-oligomers in DCM were also found to significantly change
color when different amounts of trifluoroacetic acid were added. The results show that
the incorporation of azulene units into the heterocyclic conjugated oligomer structure
has great potential for the development of novel proton functional materials. It should
be noted that the obtained co-oligomers are analogues of previously synthesized
fluorene-azulene -conjugated copolymers: poly[2,7-(9,9-dioctylfluorene-2-azulenyl-
alll-azulenyl-alt3-azulenyl-alt[ 1-azulenyl], which are used in practice as fluorescent
proton materials.
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Abstract. Molybdenum-vanadium blue sols are colloidal dispersions known for
their unique optical and chemical properties, making them important in catalysis,
sensors, and materials science. The article discusses the coagulation threshold of the sol
and the effect of electrolytes such as potassium nitrate, potassium chloride, and calcium
nitrate on sol coagulation. This work discusses the conditions for the occurrence of
coagulation, and considers the experience of conducting an experiment to achieve the
goal. During the experimental work, it was concluded that to determine the coagulation
threshold of the sol, it is necessary to take reagents with high concentrations, both sol
and electrolytes. Since it is known that Mo-V blue is aggregation stable.

Thus, in the course of work, a sol Mo-V blue ratio [Mo]:[V] =90:10 was synthesized
using ascorbic acid as a reducing agent. The low content of ash and electrolyte,
especially in the case of stable systems, such as molybdenum-vanadium blue, had to
initiate reduced coagulation.
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To achieve significant effects, high temperatures or changes in environmental
conditions (pH, temperature) are necessary. For sol Mo-V, the constants of fast
coagulation and half-time of coagulation were determined for KNO,: k, = 5-:10* m?/
particless and ® = 1563 s, for KCI: kb = 4-10* m*/particle-s and ® = 1000 s.

Keywords. Sol, coagulation, electrolytes, polyoxometalates, aggregation stability
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AnnoTtanusi. MonubaeH-BaHa i KOTIIp TYCTi epiTiHaiiep — onapasiH Oiperei
OINTUKAJBIK JKOHE XUMHSUIBIK KACUETTEPIMEH TaHBIMAN KOJUIOMITHIK JUCIIEpCHUsIap,
oJap/Ibl KaTaau3/1e, CCHCOPUKAJIa )KOHE MaTepUaITaHy/1a MaHbI3/IbI eTelli. Makasaa 30716
KOATYJISIIIUSICHIHBIH IIET1 )KOHE KaJuil HUTPAThI, KM XJIOPHIi )KOHE KAJIbIIUI HUTPAThI
CUSIKTBI DJICKTPOJIUTTEPIIH 30JIb KOATYJISIUSChIHA 9CePi KapacThIPbULIbL. byt skymbIcTa
KOATYJISIIIUSHBIH TMaia 00y yaFaaiiapbl KapacThIPbLIaIbl, COHBIMEH KaTap MaKcaTKa
KETy YIIiH SKCHEpUMEHTTEp JXYprizy Toxipubeci kacaniapl. ToxipuOemik >KyMmblc
0apbICHIHIA 30JIBJIIH KOATYIISIIHS IIET1H aHBIKTAY YIIiH 30JbiH JIe, JIEKTPOIUTTEPIIH
JIe KOHIICHTPAIUSICHI )KOFaphbl peareHTTep/Ii aly Kepek JiereH Mo-V KeKTiH arperarusTi
TYPaKThI €KeHi OenTiTi OOJIIbL.

COHJIBIKTaH, YMBIC OapbIChIHJA TOTBHIKCHI3AHIIBIPFRINI PETIHAEC aCKOpOUH
KBIIKBLIBIH KoJaanki, [Mo]:[V] = 90:10 kareiackl 6ap Mo-V Kek 30516 CHHTE3/IEIII.
TeMeH Kyl MeEH 3JIEKTPONUT MeJILepi, acipece MONMOJCH-BaHAIMN KOK CHSKTHI
TYPaKThI )KYHeIep KaFaaibIH/Ia KOaryJISIUsIHbIH TOMEH/ICYIHE OKeNIe/I.
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OchbiHmail MaHBI3ABI dcepiepre KON KETKI3y YIIH JKOFapbl TeMmIeparypa Hemece
KOpIIIaFaH OpTa JKaraaiaapeiHbeiy e3repyi (pH, Temmneparypa) kaket. Mo-V 301 yiiin
KBUTIAM KOAryJsiusi KOHCTAHTANAPhl KOHE KOATYSIMSHBIH JKapThUTal MIBIFAPBLTY
Ke3eHl KNO, YIIIiH aHBIKTAJIJIbI: kb = 5¢10* m*/6emmek ¢ xone @ = 1563 ¢, KCI yruin:
k, = 4-10-4 M’/6emmex - ¢ xone © = 1000 c.
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AHHOTanusl. 3071 MOJMOACHOBO-BAHAANEBOIO CHHErO TPEICTABISIOT cOOOM
KOJUIOMJIHbIE JMCIEPCUU, U3BECTHbIE CBOMMM YHHMKAJIbHBIMU ONTUYECKUMH U
XUMUYECKUMH CBONCTBAMH, YTO J€HacT HUX BAKHBIMU B KaTalu3e, CECHCOPUKE U
MarepualoBeicHUU. B cTarbe paccMarpuBaeTcs NOPOT KOATYJISLUU 30J8 U BIUSHUE
JJIEKTPOJIUTOB, TaKUX KaK HUTpAT Kajuus, XJOpUJ KaJIusg M HUTpAT Kajblus, Ha
Koarymsinuio 3oisi. B pmaHHON paboTe 00CYKOAroTcs YCIOBUSL BO3HUKHOBEHHS
KOaryJIsiUM, a TaKKe pPAaCCMATPUBACTCSA OIBIT IPOBEICHUS HKCIEPUMEHTA JUIst
JNOCTIDKEHMS LIeH. B Xoze skcrepuMeHTanbHol paboThl ObUT cesiaH BBIBOJ, YTO JUIS
OTIpEIeNICHNs] MOpOora KOoarymsuuu 305 HeoOXoauMo OpaTh peareHThl C BBICOKHMMU
KOHLICHTPALUAMHU, KAK 30JIs1, TAK U MNIEKTPOJIIUTOB. Tak Kak U3BECTHO, 4TO Mo-V cuHmit
arperaTuBHO yCTOWYUB.

Takum oOpasom, B xome pabOoTel ObLT CHUHTE3WpOBaH 301 Mo-V cuHHi ¢
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cootHorienueM [Mo]:[V] = 90:10 ¢ ucnonp3oBaHHEM acKOPOMHOBOW KHCIIOTHI B
Ka4eCcTBe BOCCTaHOBHUTENs. Hu3Koe cojepkaHue 30JIbI U DJIEKTPOJIUTA, OCOOCHHO B
Clly4ae CTa0MIIbHBIX CHUCTEM, TaKMX KaK MOJHOJCH-BaHA/WEBAasi CUHB, JOJDKHO OBLIO
WHULUUPOBATH MOHMWKCHHYIO KOATYIIALINIO.

Jis nocTukeHus: 3HAYUTENbHBIX ((HEKTOB HEOOXOAMMBI BBICOKHE TEMIIEpaTyphl
WM U3MEHEHHs YCIOBUHM OKpyxaromeil cpens! (pH, remneparypa). [nsa 3011 Mo-V
OBUIH OTIPEICIICHBI KOHCTAHTHI OBICTPOW KOATYIISIIIUY U TIONTYHEPUO]] KOATYISIIUHN IS
KNO,: k, = 5¢10* M*/uactumaec u ® = 1563 ¢, mia KClI: k, =4-10-4 M3/yactunasc u ©
=1000 c.

KuioueBble c¢jioBa: 307b, KOATYJSIIIMS, DICKTPOJIUTHI, IMOJIMOKCOMETTANATHI,
arperaTuBHasi yCTOMUHUBOCTb.

Introduction. Colloidal systems, such as molybdenum-vanadium blue salts,
exhibit unique optical and physical properties that largely depend on their stability and
aggregation behavior. The critical concentration of coagulation is the most important
parameter determining the stability of these colloids, since it marks the threshold at
which the Van der Waals attraction overcomes the stabilizing forces, which leads to
irreversible aggregation (Berouaken, et al, 2020).

In this study, we examine the coagulation behavior of molybdenum-vanadium blue
salts by systematically changing the salt concentration and tracking changes in the
average hydrodynamic diameter over time. The initial slope of the kinetic curves is
proportional to the coagulation rate, which is small at sufficiently low salt concentrations
and increases with increasing salt concentration until it reaches its maximum in the fast
coagulation mode (Chudnovskii, 2002).

Stabilization of colloidal systems can be achieved through various mechanisms such
as charge stabilization or steric stabilization. For blue molybdenum-vanadium salts,
stability is likely mediated by a combination of electrostatic and steric forces, which can
be adjusted by the presence of certain ions or surfactants (Fei, et al, 2014). The critical
concentration of coagulation is influenced by several factors, including the concentration
and distribution of colloidal components, the salt content, and the dielectric properties
of the medium. However, the stability of these sols is very sensitive to changes in
ionic strength, pH, and other environmental factors. Understanding the coagulation
threshold — the minimum concentration of electrolyte required for rapid aggregation
of colloidal particles — is important for monitoring their stability and optimizing their
use (Navyashree, et al, 2018)

Blue molybdenum-vanadium sols are colloidal dispersions formed by reducing
the ions of molybdate and vanadate. These sols exhibit unique optical and catalytic
properties, which makes them interesting for materials science and chemistry. However,
their stability is crucial for practical applications, as coagulation or aggregation can
lead to loss of functionality. Understanding the coagulation thresholds under different
conditions provides insight into the factors affecting sol stability and allows precise
control of their behavior.

Preparation of sols. Blue molybdenum-vanadium salts were synthesized by reducing
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a solution of potassium nitrite and calcium nitrate. Analytical KNO, and KCI were used
as electrolytes to study coagulation thresholds. Before conducting an experiment on
the effect of electrolytes on Mo-V blue, sol was synthesized and salt solutions with a
volume of 100 ml, a concentration of 0.3 mol/l KNO,, 0.2 mol/l Ca(NO,), were prepared
and electrolyte solutions with a volume of 50 ml, a concentration of 2 mol/l of KNO,
and KCI. To do this, the mass of salt was determined by the formula:

m=n-M

g — where m is the mass of the substance,
M — is the molar mass of the substance,
n — is the amount of the substance. From the equation it is necessary to find the
amount of substance n according to the formula:
n=C-V

where C — is the concentration of the solution,

V — is the volume of the solution.

The pH of the sol was determined before the experiment. Water was prepared with
the same pH solution as the sol for dilution. To determine the pH of solutions, the device
must be calibrated with a buffer solution with pH =4.01 and 6.86. Before each pH meter
measurement, the device was rinsed with distilled water so that the device would get
rid of salt residue from previous measurements. Next, first release the electrode into a
buffer solution with a pH of 4.01, then into a buffer solution with a pH = 6.86. After
calibrating the device, the pH of the molybdenum-vanadium blue sol medium can be
measured. Next, hydrochloric acid 2 M is needed to prepare acidified water.

To do this, immerse the electrode in distilled water, turn on the agitator, and gradually
add hydrochloric acid to prepare the acidified water, then dilute the sol to the desired
concentrations. The sol concentration is selected experimentally in such a way that
when the absorption spectra are obtained, there is no shift of the maximum for Mo-V to
blue (738 nm) (Jiwen, et al. 2015).

Materials and Methods. Based on data from previous studies, it is known that the
MoV Salt has insufficient charge. Based on this, it was necessary to select suitable
electrolytes for the experiment. K*, Na*, and Ca*" were selected from the proposed
series of cations. Thus, as electrolytes It was assumed that sol with a dispersed phase
concentration of 0.035% undergoes coagulation at an electrolyte concentration of
less than 0.3 mol/l. For the initial study of the coagulation threshold, the following
electrolytes were selected: KNO, with a concentration of 0.3 mol/l and Ca(NO,), with
a concentration of 0.2.

The volume of sol with a concentration of 0.035 % content is 10 ml. The proportions
of acidified water and electrolyte used in the experiment are shown in Table 1.

Table 1. Compositions of sol samples for determining coagulation thresholds
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Ne 1 2 3 4 5 6 7 8 9 10

Volume of water
(acidified), ml
Volume of
electrolytes, ml

10,0 | 9,0 8,5 8,0 7,5 7,0 6,5 6,0 5.5 5,0

0 0 | 1,5 ] 20 | 25 | 30 | 35 4 45 | 50

10 test tubes are filled with 10 ml of dilute sol with a concentration of sol and water
in the volume indicated in the table. The electrolyte is injected into each tube 2 minutes
before measuring the absorption spectrum. This experiment did not yield results, so it
was decided to investigate the kinetics of coagulation and change the concentrations
of electrolytes and sol. Thus, KCI and KNO, were chosen as electrolytes, since Ca*
cations are prone to precipitating with molybdates and vanadates. The parameters for
determining the kinetic dependence are presented in Table 2.

Table 2. Concentrations of coagulation reagents

Parameter Meaning
C, e S0l Mo-V blue 0,17
C (KNO,), mol/l 0,8
C (KCI), mol/l 0,8

In this experiment, optical density was measured using a spectrophotometer over
time with minimal confidence (502 nm). Based on the data obtained, the velocity
constants were calculated using the Smolukhovsky equation (Liu, et al. 2015).

Table 3. Compositions of sol samples for determining coagulation thresholds for this experiment

Tube Number Ne 1 2 3 4 5 6 7 8 9 10

Volume of water
(acidification), ml

The volume of the el-ta, ml | 0 0,2 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4.0

9 88 | 8,5 8,0 7,5 7,0 6,5 6,0 5,5 5,0

For the experiment, the samples were prepared as follows: 0.5 ml of concentrated
sol and water were added to 10 test tubes in the volume indicated in Table 3. The total
volume of the solution in each tube was 9.5 ml. The concentrations and compositions of
the electrolytes were matched in accordance with the experimental provisions.

In this experimental work, an electrolyte and acidified water were introduced into
samples with molybdenum vanadium blues at a constant concentration. After mixing
all the reagents, it is necessary to wait 10 minutes for KCI, 15 minutes for KNO.,.
Immediately after the expiration of the time, the optical density was measured at a
minimum of absorption for molybdenum-vanadium blues.

Results and Discussion. When using electrolytes of Ca(NO,), with a concentration
of 0.2 M and KNO, with a concentration of 0.3 M, the data presented in Figures 1-4
were obtained.
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Figure 1. Effect of Ca(NO,), electrolyte concentration on the absorption spectra of MoV blue
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Figure 2. Dependence of the change in optical density (502 nm) on the concentration of electrolyte
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Figure 3. The influence of the concentration of electrolyte KNO, on the absorption spectrum of Mo-V
blue
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0 0.05 0.1 0.15 0.2
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Figure 4. Dependence of the change in optical density in the region of the absorption minimum (502 nm)
on the concentration of electrolyte KNO,

According to the obtained results, it is possible to notice that the coagulation of the
sol does not occur at low concentrations of electrolytes. Coagulation does not occur in
the first case (Figure 1,2) because calcium nitrate does not affect the coagulation of the
Mo-V sol, since a chemical reaction can occur during interaction and a precipitate of
molybdate or calcium vanadate is formed. In the second case (Figure 3,4), it is possible
to notice that some signs of coagulation are present in the form of changes in optical
density, but since the difference in values is small, we will not consider these values.
The reason for this is the low concentration of sol and electrolyte, as well as the stability
of molybdenum-vanadium blue dispersions (Rafique, et al. 2020).

When choosing the concentrations of sol and electrolyte, the concentrations of C
sol (wt.%) = 0.035% and C (KNO,) = 0.3 M were initially selected. For the second
experiment, the concentration of C sol (wt.%) = 0.17% and the concentration of
electrolytes 2 M of potassium nitrate and potassium chloride were taken. Further, by
studying the kinetic dependence, the constant and half-coagulation time of the sol with
KNO, electrolyte were determined:

1,52

T e

1,44
14

1,36 1 ...

1,32
0 500 1000 1500 2000 2500

TC
Figure 5. Kinetic dependence of the change in the absorption minimum of Mo-V blue (502 nm) with

KNO

3
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Figure 6. Linearization of the kinetic dependence Mo-V sinei with KNO,

According to the graph, the constant of rapid coagulation and the time of half
coagulation were determined: k, = 5-10* m3/particle's and ® = 1563 s.

Then, after determining the time frame of the coagulation process, an experiment
was conducted to determine the coagulation threshold. For this, absorption spectra of
Mo-V blue with addition of different concentrations of KNO, were obtained (Figure
5-8).

458 558 650 750 BSD 258
A, i

Figure 7. Changes in Mo-V blue absorption spectra when adding KNO,

Coagulation threshold for sol Mo-V blue with electrolyte KNO, was S KNO, = 0.53
mol/l.

Next, the same experiment was conducted for KCI electrolyte, where the conditions
of the experiment were identical. As can be seen from the data of coagulation kinetics
(Figures 9, 10), the half-time of coagulation decreases.
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Figure 8. Dependence of optical density on Mo-V blue in the region of minimum absorption (502 nm)
of fire concentration electrolyte (KNO,)
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Figure 9. Kinetic dependence of the change in the absorption minimum of Mo-V
blue (502 nm) with KCI
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Figure 10. Linearization of the kinetic dependence for Mo-V blue with KC1
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Figure 11. Changes in the absorption spectra of sols Mo-V blue with addition of KCI
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Figure 12. Dependence of the optical density of Mo-V blue in the region of the absorption minimum
on the electrolyte concentration (KCl)

As aresult of the linearization of the kinetic dependence, the following were obtained:
the fast coagulation constant and the half-coagulation time for Mo-V blue using KCl as
an electrolyte: k, = 4-10* m*/particle-s and ® = 1000 s.

Then, after determining the time frame of the coagulation process, an experiment
was conducted to determine the coagulation threshold. For this, absorption spectra of
Mo-V blue with addition of different concentrations of KCI were obtained (Figures 11,
12).

The coagulation threshold value for the studied electrolyte was 0.38 mol/l (Miras et
al. 2012, Rand, et al. 2011, Toth, et al. 2019, Velmurugan, et al. 2019, Tan, et al. 2020).

Conclusion. Thus, in the course of work, a sol Mo-V blue ratio [Mo]:[V] = 90:10
was synthesized using ascorbic acid as a reducing agent. The low content of ash and
electrolyte, especially in the case of stable systems, such as molybdenum-vanadium
blue, had to initiate reduced coagulation. Chemical interaction of electrolytes with
components of the sol (for example, the formation of precipitates) completely prevents
coagulation (Kambanuna, u ap., 2014).
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To achieve significant effects, high temperatures or changes in environmental
conditions (pH, temperature) are necessary. For sol Mo-V, the constants of fast
coagulation and half-time of coagulation were determined for KNO,: k, = 5-:10* m?/
particless and ® = 1563 s, for KCI: kb = 4-10* m*/particle's and ® = 1000 s. The
coagulation thresholds for the Mo-V blue electrolytes with KNO, S, = 0.52 mol/l and
KCI Sk = 0.38 mol/l were also obtained. During the work, it was determined that the
threshold of coagulation of the sol with the studied electrolytes is reached at a sol
concentration of 0.17 mass% and at a concentration of electrolytes of at least 0.4 mol/l
(Oduuepos, u ap., 2011, Capyenko, u ap., 2013).
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Abstract. In the present work, the complexation of ruthenium (III) ions with soluble
polymers such as polyacrylamide (PAM), polyacrylic acid (PAA), chitosan (Chit), and
poly(4-vinylpyridine) (P4VP) was investigated to evaluate the possibility of designing
polymer-modified ruthenium hydrogenation catalysts. The polymers were chosen due to
the presence of nitrogen- and oxygen-containing functional groups capable of binding
metal ions. In addition, these polymers are characterized by different solubility in water
and ethanol, which are used as solvents in the hydrogenation process. The coordination
parameters (binding and stability constants) of polymer-metal complexes (PMCs) were
determined by measuring the equilibrium concentrations of ruthenium ions after PMC
precipitation. The interaction of metal ions with functional groups of polymers was
evaluated by IR spectroscopy. The results of studies of polymers and polymer-metal
complexes on their basis by IR spectroscopy confirmed that the acetamide group of
PAM (-CONH,), carboxyl group of PAA (-COOH), amino group of chitosan (-NH,")
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and pyridine group of P4VP participate in complexation. Meanwhile, chitosan and
polyacrylic acid form complexes with ionic bonding type, acting as macro-cation and
macro-anion, respectively. The stability of polymer-metal complexes was determined
by the nature of interactions between ruthenium ions and polymer functional groups.
Complexes with the ionic type of bonding (PAA-Ru, Chit-Ru) showed greater stability
compared to complexes formed by donor-acceptor mechanism (PAM-Ru, P4VP-
Ru). The stability constants (Igfa > 4.6) indicate the high ability of polymers to bind
ruthenium ions, which makes these complexes promising for the development of
polymer-modified ruthenium hydrogenation catalysts.

Keywords: polymer-metal complex, ruthenium catalysts, complexation, stability of
the complex
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AnHotamus: by xxymeicta pyrenuit (I11) nonnapsinein nonunaxpunamun (ITAA),
nonuakpui KeIKeLIb! (ITAK), xutozan (Xur) xone nmonu(4-sununnupunut) (I114BIT)
CUSIKTBI EpUTIH TOJNMMEpIEPMEH KeIIeH Ty3UIlyl moiauMep-MoauduKalusianran
THJpJIeyTe apHaJFaH pyTeHUH KaTalu3aTopbIH )Kacay MYMKIHITiH Oaraay MaKcaTbIH/a
3epTTeNi. ATanFaH MoJuMepiep/i TaHay oJlapAblH KYpaMbIHAAFbl METAJT HOHIAPbIH
OalTaHBICTBIPa QJNATBIH A30T JKOHE OTTEKTI (PYHKIIMOHAJJIBIK TONTAPABIH OONyBIMEH
OaiinanpicThl. COHBIMEH Karap, OyJ1 momMepiiep THApIIey MPOIEeCiHe KOIIaHbUIAThIH
epiTKIiIITep — Ccylda >KOHE JTaHOoJNJAa epirilmTiriMeH epekmienceHemi. [lomumep-
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metamn kewenaepidin ([IMK) xoopauHanumsuiblk mapamerpiepi  (OaiiaHBICTBIPY
KOHE TYpPaKThUIBIK KoHcTaHTanapel) [IMK TynOara TycipiireHHEH KeHiH pyTEeHHH
HMOHJAPBIHBIH TeTe-TeHAIK KOHIIEHTPALMsIIApbIH OJIIIey apKbUIbl aHBIKTAIABL. MeTasn
HWOHJApBIHBIH ~MOJUMEpIepAiH (QYHKIHMOHANABI TONTapbiMeH opekerrecyi WK-
CIEKTPOCKOMHUS KeMmeriMeH Oaranmannipl. [lomumepnepai »oHe onapiblH Heri3iHgeri
nojauMep-metamn kemenaepin MK-crnekTpockomusuIbIK SficiieH 3epTTey HOTHKeNIepi
KEIIeH Ty3yre MOJMAKpUIaMUATIH auneramuarik ToOel (-CONH,), momuakpun
KBIIKBUIBIHBIH KapOokcwi ToObl (-COOH), XWTO3aHHBIH aMHH TOOBI (—NH;) JKOHE
nou(4-BUHUINMPHUIUH)-1eT1 MUPUANH TOOBI KaThICaTHIHBIH pacTaibl. by xarnaiina
XHUTO3aH JKOHE MOJMAKPWII KBIIIKBUIBI COMKECIHIIE MAaKpO-KaTHOH YKOHE MaKpOaHHOH
KBI3METIH aTKapaThblH MOHJBIK THIITI OaillaHBICTHIH KelleHaepiH Kypaiasl. [lomumep-
MeTalul KEUEeHJEPiHIH TYPaKThUIBIFBI PYTEHUH HMOHAApbl MEH IOJUMEpIIEpAiH
(YHKIMOHANAB! TONTaphbl apachblHIAFbl ©3apa 9peKeTTecy TaOUFATbIMEH aHBIKTAJIIBL.
Wonnpik Gaiinaneic apkpuibl Oaitnanbickan kemeHaep (ITAK-Ru, Xur-Ru) nonopnsi-
aKLENTOPIBIK MEXaHH3M apKbUIBl TY3iIreH kemenaepre kaparanga (ITAA-Ru,
[14BII-Ru) »xofapbl TypakThUIBIK KepceTTi. TypakThUiblK KoHcTanTanapsl (Igfa >
4,6) momuMeplepiH pyTeHUH HOHAAapbIMEH OaliaHbiCy KaOlJIeTiHIH JKOFapbl €KEeHiH
KepceTeni, Oyn Ocbl KemeHAEpAl THIpiey »oHe Ouomaccanapisl Kaiita eHzaey
ozlicTepiHAe KOJNJAHBUIATBIH — MOIUMEP-MOIU(HUKALMSIIaHFaH — KaTaJln3aTopiapasl
o3ipiey YIIiH THIM/IL eTei.

Tyiiin ce3aep: monmmep-MeTaIABIK KEUICH, PYTEHUH KaTajlu3aTropiapbl, KelleH
TY311yl, KEeIIEHHIH TYPaKThIIBIFbI.
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AHHoTanusa: B Hacrosimedi paboTe HMCCIeI0BaHO KOMILIEKCOOOpa30BaHWE MOHOB
pyrermst (III) ¢ pacTBOpUMBIMHU TIOTMMEpaMH, TaKUMH Kak monmakpriaMun (ITAA),
nonuakpriioast kuciota (ITAK), xurozan (Xut) n nmomu(4-suamnmmumpunns) (I14BIT)
C ILEJbI0 OIEHKH BO3MOXKHOCTH KOHCTPYMPOBAHHS MOJIMMEP-MOAN(DUIMPOBAHHBIX
PYTEHHEBBIX KaTalIn3aTOpPOB THAPUPOBaHUsl. BeIO0Op monnMepoB 00ycIoBIeH HATMYUEM
B MX COCTaBe a30T- U KHCIOPOJCOACPKAIIUX (PYHKIHOHATBHBIX TPYIII, CIIOCOOHBIX
CBSI3BIBaTh MOHBI MeTa/uta. Kpome TOro, 3TH MOIMMephl XapaKTepU3yIoTCsa Pa3iTuIHO
pPacTBOPUMOCTBIO B BOJE M 3TaHOJIE, KOTOPBIE HCIOJIB3YIOTCS KaK PacTBOPUTEIM B
nponecce ruapuposanus. KoopauHalmoHHbIE MapaMeTpbl (KOHCTAHTHI CBSI3bIBAHMS
U yCTOWYMBOCTH) MojuMep-merammnueckux xkomiuiekcoB (IIMK) onpenernsimun mytem
M3MEpEHNs PAaBHOBECHBIX KOHIEHTpAlLUsl MOHOB pyTeHus mnocie ocaxnaeHus [IMK.
B3aumogeiicTBiie HOHOB MeTamia ¢ (YHKUMOHAIBHBIMU TpYIIaMH TOJUMEPOB
oneHuBasin metojoMm MK-cnexrpockonuu. Pe3ynbTaThl MCCleIOBaHUM TOJUMEPOB U
MOJMMEP-METAJUINYECKUX KOMIUIEKCOB Ha MX ocHoBe MertonoM VK-cmekrpockonuu
MOATBEPAMIIM, YTO B KOMIUICKCOOOPA30BAaHMHM YYACTBYIOT AaleTaMUaHas TIpymmna
ITAA (-CONH,), xap6okcunbnas rpynna ITAK (-COOH), amuno rpynna xuro3aHa
(-NH,") u nwmpupunosast rpynna [I4BII. Ilpu 5TOM XWUTO3aH M IIOJIMAKPHUIIOBAs
KHCJI0Ta 00pa3yroT KOMITJIEKCHl ¢ MOHHBIM THUIIOM CBSI3U, BBICTYIasi B Kaue€CTBE MaKpo-
KaTHOHA ¥ MaKpO-aHMOHA, COOTBETCTBEHHO. YCTONYMBOCTH MOJIMMEP-METAIITNIECKIX
KOMIUIEKCOB OblTa 00yCIIOBICHA TIPUPOIOI B3aUMOICHCTBUN MEXITY HOHAMHU PyTCHHS
1 (QYHKIMOHAJIBHBIMU TPYNNAaMH MOJUMEpPOB. KOMIIEKCH ¢ MOHHBIM THIIOM CBS3H
(ITAK-Ru, Xwut-Ru) npogeMoHcTprupoBasid OOJBIIYI0 YCTOWYMBOCTH MO CPAaBHEHMIO
C KOMIUIEKCAaMH, 00pa30BaHHBIMH 10 JOHOPHO-akunenTopHoMy Mexanmsmy (ITAA-Ru,
[14BI1-Ru). Koncrantel yctoiiunBoctu (lgfa > 4,6) CBHICTENBCTBYIOT O BBICOKOM
CIIOCOOHOCTH TIOJMMEPOB CBS3BIBATH MOHBI PYTEHHUS, YTO JAETAeT 3TH KOMIUIEKCHI
MEPCHEKTUBHBIMU Il Pa3pabOTKH  IOJIUMEP-MOIU(GHUIHUPOBAHHBIX PYTEHUEBBIX
KaTaJu3aTopoB T'HAPUPOBAHUS.

KuaroueBble cioBa: mnonuMep-MeTaNIMYECKUl KOMIUIEKC, PYTEHUEBBIE KaTallH-
3aTOPbI, KOMILIEKCOOOpa30BaHUe, yCTOHYNBOCTD KOMILJIEKCA.

Qunancuposanue: Hacmoswas paboma 6pinoinena npu uHarcosot nodoepicke
Komumema nayku Munucmepcmea mayku u evicuwiezo obdpazoeanus Pecnybnuxu
Kaszaxcman (epanm NeBR24992995).

BBenenne. B coBpeMeHHOM MupE HCIONB30BaHME OMOMAacCchl B KadyecTBe
AIBTEPHATHBHOTO HCTOYHHKA XHUMHUYECKHX PEarcHTOB SBISICTCS TEPCIECKTHBHBIM
HanpasieaneM. OnHONM M3 Hambosiee BaXKHBIX PEAKIMA Ui Tpolecca rnepepadoTKu
OmoMacchl SIBIISIETCS THUIAPHpPOBaHWE KapOoHmmeHOW Tpymmel (Wozniak, et al.,
2019; Zheng, et al., 2023). M3BecTHO, 9TO pyTEHHEBBIC KaTaJIM3aTOPbI TPOSBIISIOT
BBICOKYI0 aKTHBHOCTb M CEJIEKTUBHOCTb B THAPUPOBAHUM aJBACTHIOB B CIHUPTBHI,
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HUTPOCOEIMHEHUH B aMUHBI, KApOOHOBBIX COCAMHEHMI B cupThl U Ap. (Brzezinska,
et al., 2020; Dayan, et al., 2015; de Vries, et al., 2017). [ToaTromy B mocnenHee Bpemst
pacTéT YMCIIO0 UCCIENOBAHUH, MOCBIIIEHHBIX CO3IAHUIO PYTEHHEBBIX KaTalIN3aTOPOB
THIPUPOBAHUS C yIy4LIeHHBIMHU cBoiicTBamu (Akram, et al., 2023).

Cpeou HHX MOXHO BBIICIUTH pPabOTHl MO TONYYCHHIO IMOJMMEP-PYTCHUEBBIX
katanu3aropoB. B pabore (Duraczynska, et al., 2010) Obiia cuHTE3upOBaHa cepHs
KOMIIO3UTOB pyTeHusi ¢ HaOyxmei Marpuued nomumepa FCN, copepskaiiero
nuamuHoBbIe Tpynibl (Ru/FCN) ¢ pasnuuHO# 3arpy3koit pyreHus. Cpeau KOMIO3UTOB
karamuszarop 2% Ru/FCN, Boccranosnennbiii NaBH,, mpomemoncrpuposan Gonee
BBICOKYIO CEJIEKTHBHOCTh B XHMIKO(MA3HOM THIApUpoBaHHMU auerodeHona (77%) mo
OTHOUICHUIO K |-(heHMIITaHONY MO CpaBHEHMIO ¢ OOBIYHBIM KaTanuzaTopoM 2% Ru/
AlO,. Apropamu (Park, et al., 2020) mns npouecca ruIpupOBaHUs JIEBYJIHHOBON
KHCJIOTBI JIO Y-BaJIepOJIAKTOHA ObUT MpeAoKeH PYTCHUEBBIH KaTaln3arop, B KOTOPOM
B KAQueCTBE HOCHUTENSI MCIOIb3YEeTCs CIIUTHI MOPHUCTBIA OpPraHMYECKHi MOIUMeEp Ha
ocHoBe 2,6-0uc(5-¢ennn-1H-mupazon-3-un)nupununa (3-bpp-POP) ¢ Tpems aromamu
a3oTa B COCTaBe, KOTOpbIe 00pa3yeT C MOHAMH PYTEHHsI KOMIUIEKCHI MHUIIEPHOTO
(xnemiHeBUAHOTO) THIA. [IpeMMyIIecTBOM AaHHOTO KOMIIO3UTA SIBISIETCS MPOYHOCTD
CBSI3BIBAHMS PYTCHHUSI METaJIa, YTO UCKIIOUAET €ro BHIILEIauMBaHNE U HE IPOUCXOINUT
paspylIeHue CTPYKTYPbl HOCHTENs, YTO TOATBEPKICHO (PHU3UKO-XUMHUYECKUMHU
HCCIIEOBAHUSIMA W CTaOMIIBHOCTBIO TpU 5 HMKIax npouecca. Takum oOpaszom,
WCTIOJIb30BAHUE OPTaHMYECKUX IMOJMMEPOB IJIsi KOHCTPYHUPOBAHUS PYTCHUEBBIX
KaTaJN3aTopOB C YAYUIICHHBIMUA CBOMCTBAMH SIBJISIETCS MIEPCIIEKTHBHBIM.

HccnenoBanue mpouecca KOMIUIEKCOOOPa30BaHKsl HOHOB TEPEXOJHBIX METAJIOB C
OpTaHMYECKUMH OTUMEPHBIMU JIUTAHIAMH UTPAET BaYKHYIO POJIb B KOHCTPYUPOBAHUH U
HCTIOJIb30BAHUS TAKHUX MOJMMEP-COACPIKAIINX KaTaau3aropoB. B uacTHocTH, 3HaueHHe
KOHCTAHTBl YCTOWYMBOCTH TOJUMEP-METAIUINYECKOTO KOMIIEKCa MOMKET OTpakaTb
MOTEHIHANbHBIE BO3MOKHOCTH €r0 MOBTOPHOTO HCHOJIB30BAHUSI B KaTaJIUTHYECKUX
nporeccax (BhIMbIBaHHE akTUBHOM (Da3bl u3 karanusaropa) (Talgatov, et al., 2015).

BceBsizucaTum, HacTosmas paboTanocBseHaucCIeJOBaHUIO KOMIUIEKCO00pa30BaH s
nonoB pytenus (III) ¢ Takumu monmmmepamu Kak XuTo3aH (XWT), TOJHAKPUIAMUJ
(ITAA), momuakpunoBast kuciota (ITAK) u nonu-4-sunwnnupuaun (I14BIT). Beioop
MOJIMMEPOB OOYCIIOBIICH HaJMYMEM B HMX COCTaBE a30T- M KHCIOPOACOAEPIKAIINX
(YHKIMOHAIBHBIX TPYMII, CIIOCOOHBIX CBS3bIBaTh MOHBI MeTamia. Kpome Toro, 3tn
MOJMMEPBI XapaKTEPU3YIOTCSl Pa3IMYHON PACTBOPUMOCTBIO B BOJE U ATAHOJIE, KOTOPhIE
HCTIOJIB3YIOTCSl KaK pAaCTBOPUTENH B IPOLIECCE THIPUPOBAHHMS.

MarepuaJibl 1 METOAbI HCCJIETOBAHUS

Peaxmuevl u mamepuanwvi

I'uapar xnopuaa pyrenus (111) (99,9%, Ru 38%, Thermo scientific, CILIA), xnopua
kamust (YJAA), nonmu-4-sunnnmupunun (I14BI1, Mw = 65000, Sigma-Aldrich, CIIIA),
nonuakprioBas kucinota (ITAK, Mw =450 000, Sigma-Aldrich, CIIIA), monuakpuiaamu
(ITAA, Mw = 500 000, Himedia, Uuaus), xuto3an (XUT, CTENEHb JealleTUIMPOBAHHUS -
85%, Mw = 250 000, Sigma-Aldrich, CILIA).

Hccnedosanue xomniexcoodpazosanus uonoe pymenus (I11) ¢ nonumepamu
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CoctaB M yCTOHYMBOCTH TOJHMMEP-METANINYECKUX KOMIUIEKCOB OIpPEaeIIsIn
o MeTonuke, omnucaHHoi B pabore (Haiyan, et al., 2011). PaBHoBecue peakuuu
KOMILIEKCOOOPa30BaHuUS BBIPAXKAIH 10 CIEAYIOIIEH cXxeMe:

M+nL & ML, (1)

rae M mpeacraBmser co0oil MOH Meramna, L - nuraHa (MOHOMEpHOE 3BEHO
MONIMMEPHOH 1enu), u ML - NOJTy4eHHbIH KOMILIEKC.

Ucnonesys ypaBHenue (1), HOIyduM BBIpayKEHUS U1 pacdeTa yCJIOBHOW KOHCTaHTHI
YCTOHYMBOCTHU KOMIUIEKCA (/) M KOJIMYECTBA MOJMMEPHBIX JIUTAH/IOB, Y4aCTBYIOIIMX B
00pa3oBaHUU KOMILIEKCa (7).

_ [MLy]
Pa = By ()
u

— [L]CBFI33H. — [L]O_[L]

B [M]]CBHSaH. - [M]O_[M]’ (3)

rae [M] u [L] - paBHOBECHBIE KOHIIEHTPAIIMH HOHA METAJUIa ¥ TIOJTMMEPHOTO JINTaH 13,
COOTBETCTBEHHO, a MHJEKChl () U ceéa3an. O003HAYAIOT HCXOIHBIE KOHLEHTpAalUU
peareHToB M KOHIIEHTPAIH PEareHTOB, M3PACX0JOBAaHHBIX Ha 00pa3oBaHNe KOMIUIEKCa,
COOTBETCTBEHHO.

Ucnonw3ys ypaBHeHue (3) BRIpa3uM paBHOBECHYIO KOHIIEHTPALINIO JUTAHAA:

[L]=[L], = nilM],— [M]} “)

[Ipn ycroBMM TIOTHOTO OCA&XKICHHUS KOMIUIEKCA W3 CHUCTEMBI, pPaBHOBECHAs
KoHIIeHTpauus komruiekca [ML | Oyner pana 1. [loacraBus 3HaueHus: paBHOBECHOM
KOHI[EHTPAIIMU KOMIUIEKCa, paBHOW |, U paBHOBECHOH KOHIIEHTPAIMU MOIMMEPHOTO
JITaH/Ia, BRIPAXKEHHOHN depe3 ypaBHeHUE (4), B ypaBHEHHE (2) TOIYyUUM CISHYIONISe
BBIpa)KEHHE C IBYMsI HEU3BECTHBIMU:

1

Ba = Diiitie=ntotle = pi1" ®)
Nnn
lg B, =—lg[M] {[L], —n[M]_,, }" (6)

3Has 3HAYEHHs HCXOIHBIX KOHLEHTpalMi voHa Meramia [M],. v mojnuMepHOro
nuranja [L] v, onpenenns paBHOBECHBIE KOHIIEHTPALMU HOHA MeTalia [M], moiny4um
cepHIo KpuBbIX 3aBucuMocTy Ig B = f(n,). Touka nepeceyenus IByX KPUBBIX ABJIAETCSA
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pELIEHUEM YpaBHEHUs C JBYMs HEM3BECTHbIMU Ig f W n. Pacnpenenus kpusblie 10
napam, MoJy4dM CEPHI0 TOUEK MepeceueHHs], MPEACTABISIFOIINX COO0H psi perieHu
ypaBHeHUs (6), C MOMOIIbI0 KOTOPHIX MOIYYUM CPEIHUE 3HAYECHUS U .

MeTtonrka ompeneNneHusl coctaBa M yCTOMYMBOCTH KoMIuiekcoB pyteHust (III) c
nomumepamu (ITAK, ITAA, Xur, [14BI1) Bxitodarna cMeIIMBaHNE pACTBOPOB IMTOJIUMEPOB
u comu metamia (K[RuCl,]), nepemenmupanue nojiy4eHHbIX PacTBOPOB B Te4eHHUE 3
4acoB I JIOBEPIIEHUS PEaKIMH, OCAKICHHE MOJUMEP-METAIUIMYECKOT0 KOMIUIEKCa,
M3MEpEeHNEe PaBHOBECHBIX KOHIIEHTpAallMH HMOHA MeTajula B pacTBOpPE M IMOCTPOEHHE
cepuu KpUBbIX 3aBUcUMOcTH Ig B = f(n)). st mony4enus cepuu KpUBBIX 3aBUCUMOCTH
lg B, = f(n) cmemmBanue pactBopos nonumepos ¢ K[RuCl,] ocyuiectsusim takum
00pa3zoM, YTOOBI MOJYYHUTh PACTBOPBI C PAa3MYHBIMU MCXOAHBIMU KOHIICHTPALSIMU
noimuMepHbix nuragaos (0,01-0,025 monw/n) u nonos metamta (0,001-0,05momb/i).
PaBHOBecHBIC KOHLEHTpAalMM HOHOB METAJUIOB ONpPENENsUId Ha CIEKTPOPOTOMETpe
C®-2000 npu jumHe BomHBI A = 305,2 HM, C HCIOJIb30BAaHHUEM KBapIIEBBIX KIOBET
TOJIIIMHOM 1 cM.

Bsaumogeiicteue nonos pytenus (111) ¢ pyHKIHOHATBHBIME IPYIIIIAMH TOIUMEPOB
ouenuBain MetonoM MK-crnekrpockonnu. UK-®ypbe criekTpsl 00pa3iioB 3anvchiBaIn
B Bujie Tabnetok ¢ KBr na MK-cnekrpomerpe Nicolet iS5 (Thermo Scientific, CLLIA) B
unrepsaie yactot 4000-400 cm'.

Pesyabrarel m o6cy:kaenme. [lpu nccneqoBaHUM  MOTUMEP-METATUIMUECKUX
KOMIIJIEKCOB PYTEHHs] YYHUTHIBAIOCH XHMHMYECKOE€ CTpPOEHHE TNOoJIuMMepoB. Tak,
uonbl pyrenus ([RuCl,])) cmocoGHBl B3aMMONEHCTBOBAaTH ¢  KapOOKCHIIBHOM
rpymnmnoil nonuakpuioBoit kuciaoTel (R-COO") ¢ oOpa3oBaHHEeM KOBAJICHTHOH CBS3H
(ypaBnenue 7). Hamuume aneramuanoi rpymnbsl B nonuakpuiamune (R-CONH)
W a30Ta NUPUAMHOBOTO KOJNbIA B TMOMU-4-BUHUINUppUANHE () MOXET 00eCreyuTh
B3aMMOZCHCTBHE IO IOHOPHO-aKIENITOPHOMY MexaHu3My (ypaBHeHus 8 n 9). B cimyqae
XHTO3aHa BO3MOYKHO 00pazoBaHue KoMIUTecHo cou (ypaBHeHUs 10), rae MakpoKaTHOH
xuro3anus (RNH,"), oOpasyrommiics B pe3ynbraTe pacTBOPEHHUs XMTO3aHA B KHCIION
Ccpelie, B3aMMOIEHCTBYET ¢ KOMILIEKCHBIMM anuoHoM pyTenus ([RuCl,]) mo tumy
HWOHHOM CBSI3H, HAXOJSICh BO BHENIHEH chepe KomIuieKca.

RuCl,” + R — CO0~ — RCOORuCl, + 2Cl~ (7)

RuCl,” + [R — CONH,| -» RCONH,: RuClz + Cl~ ®)
RuCly + R = N{: > R — N{: RuCl; + CI- 9)

[RuCl,]” + R — NHf - [R — NH$][RuCl,]” (10)

HccnenoBanne B3amMONEHCTBUS MeXTy monmuMepamu u uoHamu pyterus (II1)
BKJIIOYAJIO OTIpeJIeIeHne KOOPAMHAIIMOHHBIX TapaMeTpoB (COCTaB M yCTOWYMBOCTD)
oOpasyromuxcsi noauMep-meraumdeckux komrmiekcos (IIMK), n ux mocnemyromnryro
xapakrepuctuky metoaoM MK-crnekrpockonuu.
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Cornacno meromuke (Haiyan, et al., 2011) anst ompeneneHuss KOOpIAUHALUOHHBIX
napametrpoB [IMK HeoOXonmumo TpoBecTH M3MEpEeHHE PaBHOBECHBIX KOHIICHTPALMH
HMOHOB METAJUIOB, TP YCJIOBHH MOJTHOTO OCAX/ICHHUS KOMITIeKca. B cBsI3u ¢ 3TuM nepen
H3MEpEeHHEeM PaBHOBECHBIX KOHLEHTPALWK MeTaia, KOMIIEKCHI OCaX Il alleTOHOM.
B cnyuae wuccnenoBanus komriuiekcoB Ha ocHoBe [I4BII ocaxkaenuwe mnpoBoguin
BogoH. [logcTaBuB nmonydeHHbIE 3HAYCHNS] PABHOBECHBIX KOHLIEHTPAIUK B ypaBHEHHE
6 monyuMnIM Cepur0 KpuBbIX 3aBucuMoctu lg = f(n), a Takke cepuro TOYEK HX
niepeceyeHus (3HauyeHus 1gf un,), Ha KOTOPBIX MOJYy4YUM CPEIHUE 3HAYCHUA M IS
HCCIIEyEMBIX KOMILJIEKCOB.

[ony4eHHble cpeHNE 3HAYCHUSI yCTIOBHBIX KOHCTAHT CBSA3BIBAHUS () M yCTOMYHBOCTH
() nns kommekcoB ITAA-Ru, ITAK-Ru, Xut-Ru u [14BI1-Ru cocraBunu: =1,08+0,06;
1,14+0,06; 1,42+0,08; 1,42+0,07; = 4,93+0,16; 5,06+0,16; 5,72+0,18; 4,65+0,17,
COOTBETCTBEHHO (PHCYHOK 1).

84
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B) r)
Pucynox 1. 3aucumoctsb mexty 1gf u n npu B3anmoneiicteun: (a) nonunakpunamusa (0,01 M) ¢ Ru*
(0,005 1 0,01 M), (6) mosmaxpunosoit kuciotsl (0,015 M) ¢ Ru** (0,002 u 0,015M), (B) xurozana (0,01
M) ¢ Ru** (0,005 u 0,01 M) u (r) nmonu-4-suannmupuausa (0,025 M) ¢ Ru* (0,002 u 0,01 M)

3HaueHMs] KOHCTAHT CBSI3bIBAHUS JUISL MOMHUMEP-METAJUIMYECKHX KOMILJICKCOB
pyrernst (III) nmenu Herensle 3HaueHus (Tabnuma 1). BeposTHO, KOOpIWHAIIMOHHAS
chepa MeTayia HE TOJHOCTHIO HACBIIIACTCS JOHOPHBIMH TPYIIIAMHU IMTOJHMEPHOTO
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JIUraHa u3-3a CTEPHUYECKUX 3aTpyAHeHui npu oopazosanuu [IMK: mpocTpaHcTBeHHOM
OT/IaJICHHOCTH (DYHKLIMOHAIBHBIX IPYIII APYT OT APYTa U OrpaHUYESHHON TOIBUKHOCTBIO
Leneil MakpoMoJeKyI.

Ta6muma 1 — KoopauHamoHHbIe TapamMeTpbl KomruiekcoB pyterus (111) ¢ mommmepamu

[Tonumep YcioBHAsI KOHCTAHTA CBSI3bIBAHUS (71) YCTOMYNBOCTDL KOMILIEKCA (lgﬂa)
ITAA 1,08 £ 0,06 4,93 +£0,16
ITAK 1,14 £ 0,06 5,06+£0,16
Xur 1,42 £ 0,08 5,72 +0,18
I14BI1 1,42+0,07 4,65+0,17

B 3aBucumoctu ot mpuponsl mommmepa IIMK pyrenns (III) mo ymeHbIIEHUIO
YCTOHYMBOCTH pacronaratoTcst B cienyromuil psaa: Xut-Ru > [TAK-Ru > ITAA-Ru
> [14BII-Ru (Tabnuma 1). Kommexc Xut-Ru okazasncs Hanbosee yCTONYNBBIM, YTO
MOXHO OOBSCHUTH MPOYHBIM CBS3bIBAHUEM KOMIUIEKCHOTO anuona pyrenus ([RuCl,])
MIPOTOHUPOBAHHBIMU aMUHOTPYNIIAMH XUTO3aHa I10 TUITY MOHHOHW CBS3M (ypaBHEHHE
10). Kommiekcol ITAA-Ru u [14BII-Ru moka3aiai HaMMEHBITYIO YCTOMYHUBOCTH. IJTO
MOYHO OOBSCHUTB TE€M, YTO KOMILUIEKCOOOpa30BaHKE B IAHHBIX CUCTEMaX MPOTEKAET MO
JIOHOPHO-aKIIETITOpHOMY MexanusMmy (ypaBHenus 8 u 9). Kommiexke ITAK-Ru okazancs
Oonee ycroitunBeiM, yeM [TAA-Ru u I14BII-Ru, BepostHO, M3-3a Ooyiee TPOYHOTO
CBSI3bIBAHMSI HOHOB PYTEHHUsI KapOOKCHIBLHON TPYNIION MojauMepa yepe3 oOpa3zoBaHHe
KOBAJICHTHOH CBsi3u (ypaBHeHUE 7).

1 monTBepKACHU MpeNogaraéMbplXx MEXaHU3MOB B3aUMOAEHCTBHUS MOJTUMEPOB
¢ noHamu MertauioB mnonydenHele [IMK Obun mccnemoBanbl ¢ momompio MK-
cnekTpockonuu. Jns cpaBHeHuss cHUManu MK-crekTpsl MCXOAHBIX IOIUMEPOB.
Hannsie UK-cnexrpos nonumepos u [IMK Ha nx ocHOBe mpezcTaBieHsl B Tadmuie 2.

Ta6muma 2 — [larasie MK criekTpoB nccnenyemMpIx o0pasnos

Obpaszen Tonocs! nomomenynst GyHKIIMOHAIBHEIX TPYII TOJIHMEPOB
-CONH, -COOH, -NH, C-N, C=C
(ITAA) -COO (TTAK) (Xur) (IT4BIT)
1656
HAA 1630 ) ) )
1637
ITAA-Ru 1602 - - -
IMAK - 1714 i _
- 1714
ITAK-Ru 1619 B, .
1527
1660
Xur . . 1559 i
1637
XHUT TOAKHUCI. - - 1532 -
1628
Xut-Ru - - 1517 -

165



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

1600
1562
1495
1419

1603
[14BII-Ru - - - 1505
1429

[14BII - - -

ITAA nemoHCTpUpYeT Xapakrepuctuueckue mojaocsl npu 1656 (C=0) u 1630 cm!
(NH)) (Gaabour, et al., 2017), npunamnexamue aneramuanon rpymne (-CONH,)
MOJIMMEpPa, KOTOpas CIIOCOOHA B3aMMOJICHCTBOBaTh ¢ MOHaMH MeTayuia. CMelneHue
nosioc noromenus rpynn -C=0 u —-NH B MK-cnekrpe [TAA-Ru no cpaBHeHHto ¢
TemH ke nosiocamu B [TAA noareepxnaeT GopMUPOBAHUE TTOJIUMEP-METAIIIMYECKOTO
KOMILIEKCA 10 JOHOPHO-aKLENTOPHOMY MeXaHu3My (Tabnuna 2).

UK-cnextp [TAK neMoHCTpHUpYyeT XapaKTEpUCTUUECKYIO MOJNO0CY MOITIOEHUS IpU
1714 cm’!, koTOpass OTHOCHTCSI K BaJCHTHBIM KOJICOAHUSIM KapOOKCHIBHON TpYIIITbI
(-COOH) momumepa (Fahmy, et al., 2015). B To e Bpems, B criektpax oopasia [TAK-
Ru Hab1r0MaI0Ch MOSIBJIEHNE HOBBIX MUKOB B 00macTu 1500-1650 cM™!, KOTOpbIE MOKHO
oTHeCTH K KapOokcwiar-uoHy (-COQO™), XxapaKTepHOTO IS COJICH IOTHAKPIIIOBOM
kuciotel (Cukrowicz, et al.,, 2021) (tabmmma 2). Takum o00pa3oM, H3MCHEHUS,
HaOmIoaeMbple B CHEKTPax MCCIEAyeMbIX 00pa3IoB, YKa3bIBAlOT Ha HaJH4Yne
B3anmonericTBuil Mexay -COOH rpynmamu [TAK ¢ nonamu pyrenwus.

B HK-cnektpe xuTo3aHa HAOMIOAAIOTCS XapaKTEPUCTHUCCKUE TOJOCHI mpu 1660
em' u 1559 cm!, oTtHOcsmmecs BaneHTHbIM KonebanusM C=O rpynmer (amun I)
U BHYTPHUIUIOCKOCTHBIM jAedopmannoHHbM KoseObanusiMm N-H rpymmer (amug 1),
coorBercTBeHHO (Wang, et al., 2019). PacTBopenue xuro3aHa B pa30aBjICHHOM PaCTBOPE
HCI npuBoguT K MPOTOHMPOBAHHMIO aMHUHOTPYIII C OOpa30BaHUEM ITOJIOKHUTEIBLHO
3apsSKEHHOTO  BOJIOPACTBOPUMOIO  KaTMOHHOTO  IMOJUDJIEKTPOJIUTA, TPH  3TOM
nmojioca kojebanuii -NH-rpynm npu 1559 cm! cmeriaercst B cTOpoHy Oojee HU3KHX
yactoT. [lanpHeiimee cmemenue nosoc nomomennss C=0O u N-H rpynn xuto3aHa,
CBUJETEIBCTBYET O B3aUMOJEHCTBUU MOJIOKUTENIBHO 3aPS’KEHHBIX MPOTOHUPOBAHHBIX
amunorpynn nonumepa (-NH,") ¢ xommiekcHbiMu anrnonom mertamia ([RuCl,]) mo
TUITy MOHHOH CBs3M (Tabmnuma 2).

B cnekrpe [14BII oOHapykeHbI XapakTepHbIE MOJOCHI KoJeOaHUs MUPHIMHOBOTO
kosbiia (C=C, C-N) mpu 1600, 1562, 1495, 1419 cm!' (Mavronasou, et al., 2022).
Cwmernienne noioc nonomenus C-N (¢ 1600 ecm™! 1o 1603 cm!) u C=C (¢ 1495 cm™! o
1505 cm!) yka3pIBarOT Ha KOOPIMHAIMOHHOE B3aMMOJICUCTBIE MTUPHIUHOBOU TPYIIITBI
[14BIl ¢ nonamm MeTtaula MU O0pa30BaHUE MOIMMEP-METAIIMUECKOr0 KOMILIEKCa
(Tabmuma 2).

3akirouenne. Takum  o0pa3oMm,  HCCIIEIOBaHHE  KOMILJIEKCOOOpa30BaHMS
HOHOB PYTCHHsI C a30T- W Kuciopoxcomepkamuvu momuMepamu (ITAA, TTAK,
[T14BII, Xwut) moka3ano, 4TO KOOpAWHAIMOHHAas cdepa METALIOB HE TOITHOCTHIO
HACBIIACTCS JOHOPHBIMH IpYIIIAMU HOJIMMEPHBIX JUTaHaoB. [laHHas 0COOCHHOCTH
OOBsSICHAETCS BIMSHUEM CTEpUYECKHX 3arpyaHeHud mnpu obpazoBanuu [IMK:
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MIPOCTPAaHCTBEHHOH OTAAJICHHOCTH ()YHKIMOHAIBHBIX TPYIIT HOJIMMEPOB APYT OT Apyra
U OrPaHWYCHHOU MOJBMXKHOCTBIO IIETIeH MakpoMOJieKyll. Pe3ynbrarhl mccienoBaHUi
MOJMMEPOB U TOJMMEP-METAIUIMYECKIX KOMIUIEKCOB Ha MX OocHOBe Mertomom MK-
CIEKTPOCKOITUH ITOATBEPANIN, YTO B KOMIIJIEKCOOOPa30BaHUH YUACTBYIOT alleTaMUIHAS
rpymna ITAA (-CONH,), kap6okcunbnas rpynma ITAK (-COOH), amuno rpynma
xurozana (-NH,") u nupuaunosas rpynna [14BI1. IIpu 5ToM XUTO3aH ¥ NOJIHAKPUIOBAs
KHCJIOTa 00pa3yloT KOMIUIEKCHI C HOHHBIM THIIOM CBSI3M, BBICTYIAsl B KAYECTBE MaKpo-
KaTHOHa W MAaKpO-aHHOHA, COOTBETCTBEHHO. YCTOHYHMBOCTH KOMIUIEKCOB 3aBHCHT
OT TPHUPOABI B3aUMOICHUCTBHSI HMOHOB METAUIOB € (DYHKIHOHAJIBHBIMHM TpyIIaMu
nonuMepoB. [lonmrvep-mMeTanmudeckie KOMITIEKChl ¢ HOHHBIM THIIOM cBsi3u (ITAK-Ru,
XuT-Ru)mponeMoHCcTprpoBav O0IBITYI0 YCTOHYHBOCTH 10 CPABHEHUO C KOMILIEKCAMH,
00pa3oBaHHBIMH TI0 JOHOpHO-akIenTopaomy Mexanmmy (ITAA-Ru, T14BII-Ru).
3navyennst koHcTanT ycroiunoctu [IMK (IgB, 4,6) cBUAETENBCTBYIOT O TOM, YTO BCE
BBIOpAHHBIC IMOJIMMEPHI 00TaNaf0T JOCTATOYHO XOPOIIEH CIOCOOHOCTBHIO CBSI3BIBATH
WOHBI PYTCHUSI, H, COOTBETCTBEHHO, MOTYT OBITh MCIOIB30BaHbI B KOHCTPYHPOBAaHUH
MOTUMEP-MOAN(PHUIIMPOBAHHBIX  Katanu3artopoB.  llommmep-monnduimpoBaHHbIE
KaTaJIn3aTopbl C HOHAMH PYTEHUS PEACTABISAIOT COOOU MEePCIIEKTUBHOE HAIIPaBIIEHUE B
COBPEMEHHON KaTaIUTUYECKON XUMHU. VIX IPUMEHEHNE OXBATHIBAET IIUPOKUI CIIEKTP
oTpaciieli, BKJIo4ass OpraHWYecKuil CHHTe3, He(pTeXMMHUIO, BOAOPOAHYIO SHEPreTHKY,
9KOJIOTHUECKUE TEXHOJIOTHU ¥ (PapMalleBTHUECKYIO MPOMBIIUIEHHOCTb.
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Abstract. Cichorium intybus L. (chicory) is one of the medicinal plants widely
used in pharmaceutical and traditional medicine due to its high content of bioactive
compounds. One of its key components is inulin, a prebiotic polysaccharide present
in significant amounts, which has a beneficial effect on gut microbiota. This study
focuses on the quantitative and qualitative analysis of bioactive compounds and mineral
elements in the underground parts of C. intybus L. Moisture, ash, and extractive
content were evaluated to determine the plant material’s chemical profile. The main
identified bioactive compounds included organic acids, flavonoids, polysaccharides,
coumarins, tannins, and vitamin C. The total content of bioactive substances, which
high concentrated, was determined as follows: coumarins — 1.77 %, polysaccharides —
1.72 %, tannins — 1.79 %. The mineral composition of the plant material was analyzed
using spectrophotometric methods, confirming the presence of essential elements such
as calcium (4.47788 mg/g), magnesium (1.17590 mg/g), iron (0.16184 mg/g), and
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potassium (13.56730 mg/g), which contribute to its nutritional and therapeutic value.
According to the data, by Gas Chromatography-Mass Spectrometry (GC-MS) analysis
49 compounds have been identified in the petroleum ether fraction. GC-MS analysis
determined the dominant fatty acids, including 9,12-octadecadienoic acid, hexadecanoic
acid, and their derivatives, which are known for their antioxidant, anti-inflammatory,
and hepatoprotective properties. The obtained results confirm the high medicinal
potential of C. intybus L., highlighting its promising application in the development of
pharmaceuticals, nutraceuticals, and functional food products.

Keywords: Cichorium intybus L., phytochemical constituents, bioactive compounds,
, quantative and qualatative analysis, macro-microelements, GC-MS.
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Aunnorauus. Cichorium intybus L. (uumkopuil) — KypaMmblHOa OHOAaKTHBTI
KOCBUIBICTApPIBIH Kom OomyblHa OaimaHbIcThl (hapMaleBTHKana >KOHE JOCTYpIi
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MEIMIIMHA[A KCHIHCH KOJIJAHBUIATBIH JOpUTIK eciMJikTepai Oipi. OHBIH Herisri
KOMIIOHEHTI — UHYJIHMH, eAdyip MeJiuepe O0aaTelH MPeOHOTHKAIBIK MOIHCaXapH, Ol
ilek MUKpoOHMoTackiHa Takaansl acep ereni. byn 3eprrey C. intybus L. ecimuirinin
KepacTel OeuiriHaeri OMOAaKTUBTI KOCBUIBICTAp MEH MUHEpabl 3JIeMEHTTEPIiH
CaHJIBIK JKOHE CalasblK TaJlAayblHa OaFbITTanFaH. OCIMIIK MaTepUabIHBIH XUMHUSIIBIK
npoduIIiH aHbIKTaYy YIIiH BUIFAIIBUIBIK, KYJAUTIK )KOHE IKCTPAKTUBTI 3aTTap MeJepi
aHbIKTaNIb1. Heri3ri anplkTanFran OM0aKTHBTI KOCBUIBICTapFa OpraHUKaJIbIK KBIIIKBIIAAP,
¢dnaBoHOMATAD, MIOTUCAXAPUITED, KyMapuHIEP, Tepi uierim 3arrap xoHe C gopymeHi
Kipeni. JKorapbl KOHIIEHTpaLUsI1aF bl OMOAKTHBTI 3aTTap IbIH JKaJIIbl MOJIIEpPi Keeciaen
aHBIKTAIABI: KymMapuuaep — 1.77 %, nomucaxapuarep — 1.72 %, Tepi unerim 3attap —
1.79 %. ©OciMAiKTiH TaMbIp OONIriHIH MHHEPAIABIK KYPaMbl CIIEKTPOPOTOMETPHSIIBIK
ozicTepAl KONAaHy apKbUlbl TanpaHabl. byn xameuumit (4.47788 wr/r), marnuid
(1.17590 mr/r), Temip (0.16184 mr/r) xone kamuit (13.56730 Mr/r) CHSAKTBI MaHBI3/IbI
ANIEMEHTTEPIiH OOJYBIH pacTaiifibl, 0Jap OHBIH HYTPUTHKAJBIK KYHIBUIBIFBIHA JKOHE
OHBIH Mai1abl KacueTTepiHe bIKmal eteai. Jlepexrepre colikec, ra3 Xxpomarorpaguschl-
Mmacc-criekrpomerpus (I'X-MC) tanpaysl apkbuibl MyHail 5¢up Oemirinae OapibIFbI
49 xoceuibic aHbIKTaNIel. [ X-MC Tangaysl aHTHOKCHIAHTTBIK, KaOBIHYFa KapcChl
JKOHE TeaToNPOTEKTOPIIBIK KaCHeTTepiMeH TaHbIMal 9.12-0kTajekaaneH KbIIIKbLIbI,
reKcaZekaH KBIIIKBUIBI )KOHE OJapIbIH TYBIHIBUIAPHI CHAKTHI Mail KbIIIKbIIAAPbIHBIH
KOHIEHTPALUSCHI KOFapbl 0oJnbl. AnbiHFaH HoTIKenep C. intybus L.-HBIH KOFapsbl
eMJIIK KacHeTiH pacTaifpl JKoHE OHBIH (hapMaleBTHKAIbIK, HYTPALEBTUKAIBIK >KOHE
(yHKIMOHANABI TaMmaK OHIMACPIH JaMBITYJaFrbl TEPCHeKTHBAIbl KOJAaHBLTYBIH
KepceTei.

Tyiiin ce3nep: Cichorium intybus L., GuTOXUMUSIBIK Kypamaac Oeitikrep, Onoax-
THUBTI KOCBUTBICTAp, CAaHJIBIK )KOHE CarajblK Tajaay, Makpo-Mukpoainementrep, [ X-MC.
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Anunorauus. Cichorium intybus L. (WHKOPHI{) — OJJHO U3 JICKAPCTBEHHBIX PACTCHUIA,
HIMPOKO IPUMEHSIEMBIX B (hJapMaleBTUKE ¥ HAPOTHON MequnrHe Onarofapsi BICOKOMY
COZIEpP’KaHHI0 OMOJIOTMYECKH AKTHBHBIX COCAMHEHHMH. Ero OCHOBHBIM KOMITOHEHTOM
SIBIISICTCS] MHYJIUH - TPEOMOTUYECKHU MOJTUCaXaph/l, TPUCYTCTBYIOMINHI B 3HAYUTEIBHBIX
KOJJMYECTBaX M OKAa3bIBAIOIIUI OJaroTBOPHOE BIUSHHE HA MUKPOOHOTY KHIICYHHUKA.
JanHoe uccrnenoBaHue ObUIO COCPENOTOYEHO HA KOJIMYECTBEHHOM M Kau€CTBEHHOM
aHaJin3e OWOJIOTMYECKH AaKTUBHBIX COEIMHEHUH W MUHEPaJbHBIX HIEMEHTOB B
noa3emMHoi yactu pacrenust C. intybus L. Jlns onpeneneHus XMMUYECKOTo Mpoduiis
pPacTUTENBHOTO MaTepuaia OINpeNessuld COAep)KaHHWEe BIIAKHOCTH, 30JbHOCTH U
OKCTPAKTHBHBIX BemecTB. (OCHOBHBIC BBISBJICHHBIE OHOAKTUBHBIC COCAMHEHHS
BKIIIOUAIOT OpPraHWUYeCKUe KHCIOTHI, ()IaBOHOW[IBI, TONUCAXapHUIIbI, KyMapUHBI,
nyousbHble BemecTBa W BUTaMuH C. OOlnee KoIM4ecTBO OMONOTHYECKH aKTUBHBIX
BEIIECTB B BHICOKUX KOHIIEHTPAIUSAX COCTaBMIIO: KyMapuHbI — 1.77 %, monucaxapuab
— 1.72 %, nyOunbuble BemiectBa — 1.79 %. MuHepanbHbBII COCTaB KOPHS pacTeHHUs
AHAJIM3UPOBAJIH CIIEKTPOPOTOMETPHUECKUMH METOAAMHU. JTO MOATBEP)KIACT HATHYHNE
BR)XHBIX JJIEMEHTOB, TaKMX Kak Kajblui (4.47788 wmr/r), marauii (1.17590 mr/r),
xene3o (0.16184 wmr/r) m kammii (13.56730 Mr/r), KoTopble OOYCIIABIMBAIOT €T0
MUIIEBYIO IEHHOCTh U TOJIe3HbIe CBOMCTBA. COMIacHO MOTYYEHHBIM JaHHBIM, METOZOM
ra3oBoii xpomarorpaduu-macc-criekrpomerpun (I'’X-MC) Bo dpaxumu nerponeitHoro
a¢upa Obut0 uaeHTHGUIMPOBaHO 49 coeaunenuii. Ananu3 ['X-MC BbISIBUII BBICOKHE
KOHIICHTPAIIMM JKUPHBIX KHUCJIOT, TakuX Kak 9,12-okTajmexagueHoBas KHUCIIOTA,
reKcaJlekaHOBass KUCJIOTa M MX IPOU3BOJAHBIE, KOTOPble M3BECTHHI CBOMMH aHTHOK-
CH/IaHTHBIMH, TPOTHUBOBOCHAINTEIBHBIMI M TeMaTONpPOTEeKTOPHBIMU CBOMCTBAMHU.
ITony4yeHHsle pe3ysbTaThl MOATBEPKIAIOT BBICOKUHM TEPANIEBTUYECKHNM IIOTEHLIHAT
C. intybus L. u yKa3pIBalOT Ha MEPCIEKTHBHOCTh €r0 MPUMEHEHHs MpH pa3padoTke
(apmaleBTHYECKUX, HyTPUIIEBTHUECKUX U (PYHKIIMOHAIBHBIX MUMIEBBIX MPOAYKTOB.

KmwoueBbie caoBa: Cichorium intybus L., (UTOXMMHUYECKHUE KOMIIOHEHTHI,
OMOJIOTMYECKU aKTUBHBIE COCIMHEHHsS, KOJIMYECTBEHHbIM M KaueCTBEHHBIH aHAIN3,
Makpo-MuKpoaneMmenTsl, ' X-MC.

Introduction.

In modern pharmaceutical science, creating medicinal products from medicinal plant
materials is considered one of the promising trends. Such medicinal products are known
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for their safety and pharmacological effectiveness, comparable to synthetic drugs. One
widely used medicinal form today is extracts from medicinal plant materials. They are
widely used in both the pharmaceutical industry and cosmetic activities. According to
the literature, one such plant is Cichorium intybus L. The relevance and role of extracts
from these plants are evidenced by the list of 40 registered extracts from plant materials
in the State Register of the Republic of Kazakhstan (Tynybekov, 2011).

Cichorium intybus L. is a plant widely distributed throughout the world. From
ancient times to the present, chicory has been considered a valuable medicinal plant. Its
raw materials are used to produce various medicines. The roots of Cichorium intybus
L. are used in medicine, less often the aboveground part and inflorescences of the plant.

In domestic medicine, antioxidant, anti-inflammatory, neuroprotective, and antitumor
properties of chicory have been identified. Cichorium intybus L. is recommended for
the treatment and prevention of atherosclerosis, disorders of mineral metabolism,
osteochondrosis, gout, pancreatic diseases, joint diseases, and the cardiovascular
system. Also, the raw material Cichorium intybus L. shows a pronounced therapeutic
effect in the prevention of diabetes mellitus and its treatment: it reduces blood glucose
levels and normalizes the metabolic process in the body. The properties of chicory raw
materials to help with the above diseases are due to the biologically active substances
(BAS) of the plant (Singh et al, 2019; Balzarini et al, 2018).

Cichorium intybus L. is often a perennial or biennial plant, less commonly an annual
herb, with short-stalked, toothed, entire or arcuate-pinnately-lobed leaves that are
usually basal and form a rosette. The aboveground and underground parts of this plant
are often used in both folk and scientific medicine as a means with hepatoprotective,
antioxidant, and hypoglycemic functions (Ahmed et al, 2011; Mehmood et al, 2012).

Chicory is a plant of the Asteraceae family. It has a woody character, reaching a
height of 20 to 1.5 meters, with about 1 meter attributed to its branched herbaceous part.
The root system consists of a taproot that deeply penetrates the soil. The stem is erect,
with few branches and a thickened apex. The leaves gradually change their structure
as they approach the root: the upper leaves are small and entire, while the lower leaves
resemble basal leaves. The leaf shape varies from lanceolate to lanceolate-ovate. The
plant is covered in glandular hairs.

. ¢
X/ D 7 o

Figure 1 — Cichorium intybus L. underground and aboveground parts
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Figure 1 represents the plant’s flowers, which are bright blue and occasionally
white and measure 15 to 25 mm in length. They are bisexual, toothed, and have short
stalks. The flower heads are grouped together or occur singly on lateral branches or the
apex. Sometimes they can also be found in the axils of upper and middle stem leaves.
Inflorescences formed in the axils of upper leaves, numbering from 1 to 2, are located
on short peduncles and have a diameter of 2.5-4.5 cm. The fruit of the plant is a small
seed with a slightly ribbed, inversely ovate structure. The seeds are yellowish-brown
and measure 2-3 mm in length, with a truncate upper part and a tuft of hairs measuring
0.2-0.3 mm.

The main habitat conditions for chicory are river floodplains, meadows, forest
clearings, as well as rocky and grassy slopes up to 2000 meters in altitude. It can also be
found as a weed in gardens, cultivated fields, and meadows. The plant usually blooms
from June to October, and fruiting occurs from July to October (Street et al, 2013; Aisa
et al, 2020; Saybel et al, 2020; Janda et al, 2021).

Relevance of the research topic. Currently, one of the urgent tasks of pharmaceutical
science in the Republic of Kazakhstan is the creation and introduction of import-
substituting medicines, including medicines from plant raw materials. Creation and
introduction of competitive import-substituting medicines, on the one hand, will
contribute to the successful implementation of the State Program on Forced Industrial
and Innovative Development of the Republic of Kazakhstan from 25.12.2014 Ne 984
(with amendments and additions), and on the other hand, will ensure the security of the
country. Moreover, in the first quarter of 2024, 74% of sold packages and 87% of the
value of pharmacy sales were imported drugs. Accordingly, the share of domestic drugs
was 26% in physical terms and only 13% in monetary terms. It is important to note that
this ratio has not changed significantly in recent years. The relevance of such research
is also due to the fact that according to the WHO forecast, in 15-20 years the share
of phytopreparations in the total assortment of medicines may increase to 60%. This
forecast is explained by the WHO strategy in the field of traditional medicine.

In this research, medicinal herb Cichorium intybys L. was determined authencity
of plant by moisture, total ash and extractive content. Futhermore, it was studied for
its quantative composition of biologically active constituents, specially organic acids,
flavonoids, ploysaccharides, coumarins, tannins and vitamin C. During this work, the
content of macro-microelements in total plant was used spectrophotometer technique.

Materials and methods.

Plant material. Chicory (Cichorium intybus) roots were purchased from Jiangsu
Yabang Chinese Medicine Co., Ltd., Jiangsu, China. The voucher specimen of the plant
material (RINPT - 202403) was deposited at the Research Institute for Natural Products
& Technology, Almaty, Kazakhstan.

The quantitative and qualitative analysis. The quantitative and qualitative analysis
of' main bioactive compounds of underground part of Cichorium intybus L. was accorded
to methods reported in the monograph (Muzychkina R.A., 2004). The extractive content
of root of C. intybus L. was identified by using 96% ethanol solution in accordance with
methods reported in the State Pharmacopeia [State Pharmacopoeia of the RK, 2014].
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Mineral composition analysis. The mineral composition was determined using
a Shimadzu 6200 series spectrophotometer. First, 3 g of raw material was precisely
weighed and placed in a pre-calcined ceramic crucible. The material was gently heated,
allowing it to burn at the lowest possible temperature before gradually increasing the
flame. A temperature of 500°C was used to achieve a consistent mass during calcination.
The crucible was cooled in a desiccator and the resulting ash was further burned at
600°C until it turned a gray color. The plant ash was then dissolved in 10.0 mL of 40%
nitric acid by heating and the solution was boiled to get wet salts. Then, it was dissolved
in 15.0 mL of 1 N nitric acid and moved into a 25.0 mL analytical volumetric flask.

Gas Chromatography-Mass Spectrometry (GC-MS) determination. To the crude
ethanol extract was added water and dissolved at room temperature. The solution then
was transferred to a separation funnel, where petroleum ether was added in a 1:1 ration
three times. After mechanically shaking the mixture and allowing it to stand a certain
amount of time, the petroleum ether part was separated from the aqueous layer and dried
using an EYELA N-1300 rotary evaporator at 35 °C to obtain the desired concentrate.
Then, same method was repeated with dichloromethane.

The samples were analyzed using gass chromatography-mass spectrometry
(7890A/5975C). The gas chromatography system was controlled and the data was
recorded and processed using Agilent MSD ChemStation software (version 1701EA).
The data processing involved determining retention times, peak areas and analyzing
the spectral information from the spectrometric detector. The Wiley 7th edition and
NIST 02 libraries, containing over 550000 spectra, were used to interpret the obtained
mass spectra.

Results and discussion. The data in the table 1 and 2 present a detailed quantitative
and qualitative analysis of the biologically active constituents and mineral composition
of Cichorium intybus L.

Table 1 —Quantitative and qualitative analysis of main biologically active constituents of C.intybus L. (%)

. Extr- | Orga- L
Plant Mois- Ash | actives | nic Flavo- | Polysac- | Couma- | Tan- | Vitamin

ture (50%) | acids noids | charides rins nins C
0

Cichorium intybus L. 7.10 | 7.50 | 48.20 | 0.07 | 0.01 1.72 1.77 1.79 | 0.57

The moisture content of the plant is 7.10%, while the ash content is 7.50%. A
significant amount of extractive substances, measured at 48.20, was obtained using a
50% ethanol mixture, indicating a high solubility of plant compounds in these conditions.

Organic acids were present at 0.007%, while flavonoids, a class of compounds
known for their antioxidant properties, were found in small amounts — 0.01% (Cook et
al, 1996). Polysaccharides, known for their roles in energy storage and cell structure,
contributed 1.72% to the total plant composition. The vitamin C content is 0.57%.

Other notable bioactive compounds include coumarins (1.77%) and tannins (1.79%),
both recognized for their therapeutic applications. Coumarins are a significant class
of low-molecular-weight phenolic compounds. These natural substances are found in
various plant sources and have been widely applied in the prevention and treatment
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of numerous diseases. They exhibit a range of biological activities, including anti-
inflammatory, antioxidant, anticancer, antiviral and anticoagulant properties, making
them highly promising in pharmaceutical applications (Kostova et al, 2011; Matos et
al, 2015; Khai, 2024). While, tannins are a group of naturally occurring polyphenolic
compounds found in a variety of plants. They are known for their ability to bind and
precipitate proteins, which contributes to the astringent taste of foods and drinks
such as wine, tea, and some fruits. They also exhibit a variety of biological activities,
including antibacterial property and have been studied for their potential health benefits,
particularly in the prevention of cardiovascular disease and cancer (Farha et al, 2020;
Das et al, 2020).

Table 2 — Composition of macro-microelements in the plant (mg/g)

Elements Concentration in plant, mg/g
Cd 0.00052
Ni 0.00343
Pb 0.00204
Cu 0.00477
Mn 0.02669
Zn 0.01453
Fe 0.16184
Ca 4.47788
Mg 1.17590
Na 0,40810
K 13.56730

Table 2 outlines the concentrations of macro-microelements found in chicory.
Among the trace elements, cadmium (Cd), nickel (Ni) and lead (Pb) were found in
very low quantities, at concentrations of 0.00052 mg/g, 0.00343 mg/g and 0.00204
mg/g, respectively. Copper (Cu), manganese (Mn) and zinc (Zn), which are important
micronutrients for plant health, were present at concentrations of 0.00477 mg/g, 0.02669
mg/g and 0.01453 mg/g.

Iron (Fe), a crucial element for photosynthesis and respiration, was present at 0.16184
mg/g. Among the macronutrients, calcium (Ca) and magnesium (Mg) were found in
significant amounts with concentrations of 4.47788 mg/g and 1.17590 mg/g in the plant.
Sodium (Na) was measured at 0.40810 mg/g and potassium (K), a vital element for
plant cellular processes, was the most abundant with a concentration of 13.56730 mg/g.

The mineral composition analysis provided further insight into the plant’s
therapeutic potential. The presence of essential macronutrients such as calcium (4.47
mg/g), magnesium (1.17 mg/g), and potassium (13.56 mg/g) highlights C. intybus L.’s
contribution to bone health, metabolic functions, and cellular processes. The presence
of micronutrients such as iron (0.16 mg/g), zinc (0.014 mg/g), and copper (0.004 mg/g)
underscores the plant’s potential role in supporting immune function, promoting healthy
skin, and contributing to enzymatic processes within the body.
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Table 3 — The most concentrated compounds of C. intybus L.’s petroleum ether part

Ne | Retention time, min Compounds Content, %
1 24,74 1,3-Benzodioxole, 4-methoxy-6-(2-propenyl)- 1,02
2 25,83 Hexadecanoic acid, ethyl ester 7,76
3 29,29 Ethyl Oleate 4,56
4 30,13 9,12-Octadecadienoic acid, ethyl ester 10,48
5 30,91 9,12,15-Octadecatrienoic acid, ethyl ester 2,70
6 31,99 Dibutyl phthalate 1,71
7 32,54 cis-11-Eicosenoic acid, methyl ester 1,77
8 35,43 Hexadecanoic acid 15,42
9 35,64 Docosanoic acid, ethyl ester 2,65
10 39,24 9,12-Octadecadienoic acid 17,97
11 39,56 Gamolenic Acid 2,03
12 39,92 9,12,15-Octadecatrienoic acid 8,26
13 40,74 Eicosanoic acid 1,41
14 41,77 Arborescin 2,77
15 43,26 Docosanoic acid 2,59
16 43,52 Erucic acid 1,37
17 45,09 Hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl)ethyl 433

ester

18 47,92 y-Sitosterol 1,65
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Figure 2 — Chromatogram of petroleum ether part of C. intybus L
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Additionally, during the study, petroleum ether (PE) fraction of underground part
of this medicinal plant were extracted using ultrasonic extraction and subsequently
analyzed via gas chromatography with mass scpectrometry. The chromatogram for PE
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part is presented in Figure 2. The main compounds were identified and categorized
among all the detected liposoluble components as shown in Table 3.

Generally, according to the data, there are 49 compounds in PE part. According to the
information in Table 3, there are three components with higher concentration, which are
9,12-Octadecadienoic acid, ethyl ester, hexadecanoic acid and 9,12-Octadecadienoic
acid and they all categorized as fatty acids.

/\/\/\/\/\/\/\/\/U\O/\

9,12-Octadecadienoic acid, ethyl ester

O

/\/\/\/\/\/\/\)LOH

Hexadecanoic acid

0]

/\/\/\/\/\/\/\/\)J\()H

9,12-Octadecadienoic acid

Figure 3 — Chemical structure of three fatty acids in PE part of Cichorium intybus L.

9,12-Octadecadienoic acid, ethyl ester is polyenoic fatty acid and noted for its
cholesterol-lowering properties. Furthermore, it has protective effect against liver
damage (Garuba et al, 2020).

Hexadecanoic acid, also known as Palmitic acid, is the common saturated fatty acid
in human body. This compound attracts with antimicrobial, antioxidant and 5-alpha-
reductase inhibitory properties (Olivia et al, 2021).

9,12-Octadecadienoic acid or Linoleic acid — is the most popular polysaturated
fatty acid, which is necessary for human organism and shows several activities. For
example, the latest studies outlined their anti-inflammatory and neuroprotective actives
in Parkinson’s disease models (Castaneda-Corral et al, 2024)

Conclusion

The present study thoroughly investigated Cichorium intybus L., focusing on its
bioactive constituents and elemental composition to evaluate its medicinal potential.
Chicory has been recognized since ancient times for its therapeutic uses, and its wide
distribution makes it a valuable resource in both traditional and modern medicine. The
results obtained from the quantitative and qualitative analysis confirm that Cichorium
intybus L. contains numerous biologically active compounds, including organic acids,
flavonoids, polysaccharides, coumarins, tannins, and vitamin C, which significantly
contribute to its medicinal value. The moisture content of the plant was found to
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be relatively low, indicating good storage stability, while the ash content suggests a
substantial presence of mineral constituents. The most notable among the bioactive
compounds were coumarins and tannins, present in concentrations of 1.77% and
1.79%, respectively. The mineral composition analysis provided further insight into the
plant’s therapeutic potential. The Gas Chromatography-Mass Spectrometry (GC-MS)
analysis of C. intybus L.’s petroleum ether extract further enhanced the understanding
of its medicinal potential. Among the identified compounds, 9,12-Octadecadienoic
acid, Hexadecanoic acid, and their derivatives were the most concentrated. Therefore,
Cichorium intybus L. has the potential to serve as a natural ingredient for the creation of
multifunctional pharmaceuticals and bioactive supplements.
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Abstract. This study presents the results of optimizing a methodology for the
extraction of the flavonoid complex from the aerial parts (stems and leaves) of Ferula
songarica Pall. ex Spreng., collected in the East of Kazakhstan during the flowering
stage.

The quality indicators (moisture — 8.15%, total ash — 7.39%, ash insoluble in HCI
— 0.29%) of plant materials were established according to the methods of the State
Pharmacopoeia of the Republic of Kazakhstan. It was revealed that the extracts contain
flavonoids by thin-layer chromatography in appropriate solvent systems using specific
reagents. The optimal conditions for extracting the total flavonoid content from this raw
material were determined: extractant — 50-70% ethyl alcohol; raw material-extractant
ratio — 1:15; extraction time — 24 hours at room temperature using the maceration. The
flavonoid yield under these conditions was 11.2—12.1%.

The antioxidant activity of water-ethyl extracts obtained from the aerial part of
Ferula songarica Pall. ex Spreng. in the following concentrations of 0.25, 0.5, 0.75,
and 1 mg/ml, respectively, was studied in vitro using the Ferric Reducing/Antioxidant
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Power assay (FRAP). The concentration dependences of the optical density values for
plant extracts were obtained in comparison with the standard — ascorbic acid (AA). The
sequence of increasing antioxidant properties was revealed in the series: 50% ethyl
extract > AA > 70% ethyl extract > 90% ethyl extract, while the activity of 50% water-
ethyl extract exceeded the standard.

This is the first study on developing an antioxidant flavonoid complex from Ferula
songarica Pall. ex Spreng.

Keywords: Ferula songarica Pall. ex Spreng., aerial part (stems and leaves),
maceration, flavonoids, spectrophotometry, antioxidant activity (in vitro).
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Annoramus. Makanana Ferula songarica Pall. ex Spreng. ecimuiriniz xep ycTi
OeuirineH (cabakTapbl MEH >KalblpakTapbl) (pIaBOHOUATHI KEIICH I alyIblH OHTAHIIbI
ozicTeMeciH a3ipiey HoTmwkenepi kentipinres. Lukizar Leirsic Kazakctan o0nbichiHA
rynzey ¢aszachliHIa KHUHAIBL.

Kazakcran PecnyOnukacel MeMiekeTTiKk — (apMakoIesiChIHBIH — dicTeMenepi
OOMBIHINIA OCIMIK INUKI3aThIHBIH KATEePCI3IriHIH KepceTKimTepi (KenTipy Ke3iHge
MaccaHbIH JKOFanmybl — 8.15%, xanmmel kynmimiri — 7.39%, HCl-ge epimeiitiH Kyn
— 0.29%) Oenrinenai. ApHaiibl peareHTTEpAl KOJNJaHa OTBHIPBIN, THICTI EpiTKilI
KyHenepinae Kyka KabaTTel xpoMarorpadus 9aiCiIMEeH ChIFbIHIBUIApAA (IaBOHOUATAD
Oap exeHir1 aHbIKTaIIBL. JKiHINIKe Ka0aTThl XpoMaTorpadust 9JiCIMEH COMKeC epiTKiIT
XKYHenepinae )koHe apHaiibl peareHTTep/l Malaanana OTIPBII )KYPri3iireH 3epTTeynep
HOTHXXECIHJC SKCTPaKTTapAblH KypaMblHAa (IaBoHOMATAp Oap €KeHi aHBIKTaJIbI.
3epTTenreH OCIMAIK IIWKi3aTbIHAH (IABOHOMATAP MOJIIIEPIH Malepanus oAiCiMeH
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OKCTpaKUMsIAYIbIH OHTAWIbl IIApTTapbl aHBIKTAJABL: 3KcTpareHT — 50-70% osTun
CIHMPTI; MIMKI3aT MEH SKCTPAareHTTiH KaTbiHAchl — 1:15; aKcTpakums yakbIThl — Oeiame
temneparypacbiiga 24 carar. Ocel maprrapaa (IaBOHOWATAPIABIH IIBIFBIMBI 11,2-
12,1% kypansl.

Ferric Reducing/Antioxidant Power assay (FRAP) in vitro Temipai KanmbiHa KenTipy
MOTEHIUANBIH aHBIKTay daiciMeH Ferula songarica Pall ex Spreng. ©cimairinin xep ycTi
OeJliriHeH albIHFaH Cy-CIHUPT 3KCTPAKLUUSUIAPBIHBIH aHTHOKCHUIAHTTHIK OeNCeHaimir
keneci koHueHtpammsuiapaa 0.25, 0.5, 0.75 sxone 1 mr/mu.3eprrenmi. CraHIapTThl
yIri — ackopOuH KbIUKbUTbIMEH (AK) canbicThiprania ©CiMAIK CHIFBIHIABUIAPHI YLIIH
ONTHKANBIK TBHIFBI3ABIK MOHJICPIHIH KOHUEHTPAUMSUIBIK TOYEIIUTIKTEpl ajIbIHJIBL.
KarapnaFbl aHTHOKCHIAHTTBHIK KAaCHETTEpAIH ©Cy PeTTUIri anpikTanael: 50% osTun
ceIFBIHABICHL >AK > 70% 3Tt chIFbIHABICH > 90% 3TU CHIFBIHABICHL, all 50%-IbIK Cy-
9TaHOJI CHIFBIHBICHIHBIH OSNICEH NI CTaHIaPTTaH achll TYCTI.

Ocpl 3epTTey anFaml peT aHTHOKCHIAHTTHIK Oelicenainikke ue Ferula songarica Pall.
ex Spreng. skep ycTi MaccachiHaH (pJIaBOHOUATHIK KELICH Ay 9/IiCiH 93ipieyre apHasibl.

Tyiiin ce3nep: Ferula songarica Pall. ex Spreng., xep ycTi Maccachl (cabakrap MeH
KarplpakTap), Manepauus, (IaBOHOMATAP, CIEKTPOPOTOMETPHSI, aHTHOKCHIAHTTHIK
oenceHaiik (in vitro).
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I[lo wmertomukam locymapctBennoii @apmakonen PecnyOmuku — Kazaxcran
YCTaHOBJICHBI [TOKa3aTeNu 100pOKayeCTBEHHOCTH (IIOTepsi B Macce NPy BBICYLIMBAHUH
— 8.15%, obmas 30ma — 7.39%, 30ma HepactBopumas B HCI — 0.29%) pacturensHoro
CBIpbA. METOIOM TOHKOCIOWHOW Xpomartorpaguu B COOTBETCTBYIOIIMX CHCTEMax
pacTBopuTeield, C HCIOIb30BaHUEM CHENU(UUYECKUX pPEarcHTOB BBISBICHO, YTO
9KCTPAKTHI copepkar (aaBoHouabl. OnpeaenacHbl ONTHMAIbHBIC YCIOBUS SKCTPAKIUH
METOJIOM Malepaliu CyMMbl (JIaBOHOUIOB U3 MCCIEAYEMOTO0 PaCTUTEIBHOTO CBHIPHS:
akcTpareHT — 50-70%-Hblii STHIIOBBIN CIIMPT; COOTHOILIEHUE ChIpbe-dKcTpareHT — 1:15;
BpeMs DKCTpaKIMU — 24 yaca Mpu KOMHATHOM Temmeparype. Brixon ¢aaBoHONI0B npu
JAHHBIX ycIoBUsAX coctaBui 11,2-12,1%.

Metonom  omperneneHus  KeJIe30-BOCCTaHABIMBAIOIIEro MoTeHnuana Ferric
Reducing/Antioxidant Power assay (FRAP) in vitro uccnenoBana aHTHOKCHIAaHTHAs
AKTHBHOCTbH BOJHO-CITUPTOBBIX M3BJICYCHUH, TOTYUCHHBIX U3 HaJl3eMHOH yacTtu Ferula
songarica Pall. ex Spreng. B cnenyronux konnentpanusax 0.25, 0.5, 0.75 u 1 mr/mn
COOTBETCTBEHHO. [loyueHbl KOHIIEHTPAIIMOHHBIE 3aBUCHMOCTH 3HAYEHUI ONTHYECKOH
IUIOTHOCTU JJISl PACTHTENILHBIX SKCTPAKTOB B CPAaBHEHHWH CO CTaHIAPTHBIM 00pa3LoM
— ackopOunHoBoii kucinoroir (AK). BpiBiena mnociaeqoBaTenbHOCTh BO3pacTaHUs
AHTHOKHCIIMTEIBHBIX CBOMCTB B psiny: 50%-HbIi aTHII0BBIN SKCTpakT >AK> 70%-Hb1i
STHIJIOBBIN AKCTPAKT > 90%-HbI 3TUIOBBIM SKCTPAKT, IPHU 3TOM akTUBHOCTH 50%-HOro
BOJIHO-3TaHOJIBHOT'O SKCTPAKTA MPEBBIIIAET CTaHIAPT.

JanHoe uccnenoBaHue mo pa3padboTke (IaBOHOMIHOTO KOMIUIEKCA M3 HAA3EMHOM
Maccel Ferula songarica Pall. ex Spreng., oOmagaromero aHTHOKCHUIAHTHOM
AKTUBHOCTBIO NTPOBEJIEHO BIIEPBEIE.

KiroueBsble caoBa: Ferula songarica Pall. ex Spreng., Han3eMHas yacth (cmebnu
u Jaucmovs), Mauepanus, (QIaBOHOWABI, CIEKTPO(POTOMETPHs, AHTHOKCHAAHTHAS
AKTUBHOCTS (in vitro).

Introduction. Currently, one of the key directions in the development of the
pharmaceutical industry in the Republic of Kazakhstan is the production of drugs
derived from local raw materials through the study of natural resources with renewable
industrial reserves. The flora of Kazakhstan comprises approximately 6,000 species of
vascular plants, yet only 273 are officially recognized as medicinal and are used in both
traditional and official medicine. One promising species is Ferula songarica Pall. ex
Spreng., which belongs to the genus Ferula L. (family Apiaceae Lindl.). This plant is
widely distributed across Kazakhstan, Western Siberia, Mongolia, and China. In local
folk medicine, it has been traditionally used to treat aches, colds, and stomach disorders
(Pavlov, 1963).

The chemical composition of Ferula songarica remains insufficiently studied.
Previous research has identified essential oils, mono- and sesquiterpenoids, as well as
esters of phenols and terpenoids, in its roots and aerial parts (Nazhimitdinova, et al.,
1993; Turdieva, et al., 2022; Khosnutdinova, et al., 2023). The study of this species
as a herbal medicinal raw material for its further use in pharmacy and medicine is
highly relevant. The purpose of this study is to develop an optimal method for obtaining
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flavonoids from the aerial part of Ferula songarica Pall. ex Spreng., and to study their
antioxidant activity.

Materials and methods

The object of this study is the aerial parts (stems and leaves) of Ferula songarica
Pall. ex Spreng., collected during the flowering phase in the East Kazakhstan region,
Kazakhstan (2023). Raw materials were naturally dried under a canopy, protected
from direct sunlight, until air-dry. The raw materials were ground to a particle size of
2 mm. Only carefully sorted, dried, ground, and sifted raw materials were used in all
experiments.

The quality indicators of plant raw materials (moisture, total ash content, and ash
insoluble in 10% HCI) were determined according to the methods described in the State
Pharmacopoeia of the Republic of Kazakhstan (SF RK) (Tulegenova, 2008).

The qualitative composition of the extracts for flavonoids was determined using
standard methods with the following reagents: NHs vapor, a 3% ethanol solution
of AICl;, a 2% ethanol solution of FeCls, and a 2% solution of Pb(CHs:COO).
(Grinkevich, 1983). Thin-layer chromatography (TLC) was performed on Sorbfil
plates (Russia) measuring 7 X 10 cm, and paper chromatography was carried out in
organic solvent systems: (I) n-butanol — concentrated acetic acid — water, (II) butanol
— concentrated acetic acid — water, (III) 6% acetic acid. After drying, the plates were
treated with UV light, NHs vapor, and a 3% ethanol solution of AlCls.

Solvent mixtures of ethanol and distilled water (50%, 70%, and 90%) were used for
extraction, with a raw material-extractant ratio of 1:10, 1:15, and 1:20. Extraction was
carried out for 6 to 48 hours at room temperature.

The quantitative determination of flavonoids in the extracts was performed using a
method described in the State Pharmacopoeia of the USSR (XI) (Ananyev, 1987). The
spectral characteristics of the water-ethanol extracts were evaluated using a Cary 60 UV-
Vis spectrophotometer (Agilent Technologies). The test solution was prepared as follows:
approximately 2 grams (accurately weighed) of the crushed raw material was placed in a
150 ml flask with a ground joint, and 30 ml of 90% ethanol containing 1% concentrated
hydrochloric acid was added. The flask was connected to a reflux condenser, heated in a
boiling water bath for 1 hour, then cooled to room temperature and filtered through a paper
filter into a 100 ml volumetric flask. The extraction was repeated twice using the same
procedure. The combined filtrates were washed with 90% ethanol, and the final volume
was adjusted to the mark with the same solvent (solution A).

A 2 ml aliquot of solution A was placed in a 25 ml volumetric flask, followed by the
addition of 1 ml of a 1% aluminum chloride solution in 95% ethanol. The volume was
then adjusted to the mark with the same solvent. After 20 minutes, the optical density
of the solution was measured using a spectrophotometer at a wavelength of 430 nm in a
cuvette with a 10 mm path length.

As a reference solution, a mixture containing 2 ml of solution A, diluted to the mark
with 95% ethanol in a 25 ml volumetric flask was used.

The total flavonoid content, expressed as quercetin and in terms of absolutely dry
raw material (X, %), was calculated using the following formula:
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D * 100 * 100 * 25 * 100
 764.6 xm *2(100 — W)

where D is the optical density of the test solution;

764.6 - specific absorption coefficient of the quercetin-aluminum chloride complex
at 430 nm;

W - loss on drying of raw materials;

M - weight of the raw material (g).

X

The antioxidant activity of water-ethanol extracts was studied by determining the
iron-reducing potential of FRAP (Ferric Reducing/Antioxidant Power assay) in vitro.
Ascorbic acid was used as the standard of comparison.

2.5 ml of phosphate buffer (0.2 M, pH 6.6) and 2.5 ml of a 1% solution of potassium
hexacyanoferrate (III) were added to 1 ml of the studied extract in the concentration
range of 0.1 mg/ml. The reaction mixture was incubated for 25 minutes at a temperature
of 50°C, and then the reaction was stopped by adding 2.5 ml of a 10% solution of
trichloroacetic acid. The mixture was centrifuged for 3 minutes (1500 rpm). An aliquot
of 2.5 ml from the upper layer was mixed with 2.5 ml of distilled water and 0.5 ml of
0.1% FeCl,. Optical density was measured using a Cary 60 UV-Vis spectrophotometer
(Agilent Technologies, USA) at a wavelength of 700 nm (Benzie, et al., 1996).

Statistical processing of the obtained data was carried out using the Statistica 10
software package (StatSoft, USA). The results are presented in the form X+m, where
X is the average value, m is the standard error of the average. Repetition n=5.

Results and Discussion

The indicators of the quality of aerial raw materials of Ferula songarica Pall. ex
Spreng. are within the permissible limits according to the SF RK and are as follows: loss
on drying — 8.15%, total ash — 7.39%, insoluble ash in HCI — 0.29%.

Qualitative analysis of the flavonoid content of water-ethyl extracts (50, 70 and
90%) were carried out by chromatography in a thin layer (TLC) in a solvent system:
n-butanol - concentrated acetic acid — water (5:1:1) and by two—dimensional paper
chromatography in systems: butanol — concentrated acetic acid — water (40:12.5:29)
and 6% acetic acid using specific reagents.

The values of retention factor (Rf) were calculated for each sample, after the detection
of characteristic staining by exposure to NH, vapors (yellow), 3% alcohol solution
AlICI, (yellow), and UV light (dark glow). This indicated the presence of flavonoids.
Chromatography revealed 2 characteristic stains. The results are presented in Table 1.

Table 1. Results of chromatography of water-ethyl extracts of the aerial part of Ferula songarica Pall.
ex Spreng.

Substance Reagent Stains Rf
No. I 11 11
50% water-ethyl extract
1 3% alcohol solution AICI, Yellow 0.30 0.60 0.33
NH, vapors Yellow 0.30 0.60 0.33
2 3% alcohol solution AICL, Yellow 0.48 0.43 0.64
NH, vapors Yellow 0.48 0.43 0.64
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70% water-ethyl extract
1 3% alcohol solution AICI Yellow 0.30 0.59 0.31
NH, vapors Yellow 0.30 0.59 0.31
2 3% alcohol solution AICI, Yellow 0.48 0.51 0.67
NH, vapors Yellow 0.48 0.51 0.67

90% water-ethyl extract
1 3% alcohol solution AICI Yellow 0.30 0.59 0.30
NH, vapors Yellow 0.30 0.59 0.30
2 3% alcohol solution AICL, Yellow 0.48 0.40 0.62
NH, vapors Yellow 0.48 0.40 0.62

It was found that 50, 70, and 90% water-ethyl extracts of the aerial part of Ferula
songarica Pall. ex Spreng. contain flavonoids. Moreover, the extracts contain both
aglycones and glycosidized forms of flavonoids.

For the subsequent extraction of flavonoids, the following factors determining the
yield of extractive substances were studied: extractant concentration, extraction time,
and raw material-extractant ratio. Ethyl alcohol of various concentrations was used as
an extractant. The choice of other optimal extraction parameters was controlled by the
content of the sum of flavonoids (quantification in terms of quercetin).

It follows from the data that the largest amount of flavonoids is extracted in 70%
compared to 50% and 90% water-ethyl extracts. The flavonoid content is maintained
during extraction for 24 hours at room temperature and then their concentration
decreases.

The raw material-extractant ratio varied from 1:10 to 1:20. It was revealed that the
largest extraction of extractive substances from the studied raw materials was at a ratio
of 1:15.

As aresult, the optimal conditions for the extraction of flavonoids are: 50-70% water-
ethyl extractants, the ratio of raw materials to extractants is 1:15, and the extraction time
is 24 hours at room temperature. The yield of extractive substances of flavonoids was
about 11.2-12.1%. The results of the selection of conditions for the extraction of the
sum of flavonoids from the aerial part of Ferula songarica Pall. ex Spreng., are shown
in Table 2.

Table 2. Selection of methods for the extraction of flavonoids from the aerial part of Ferula songarica
Pall. ex Spreng.

Extraction The content of the sum of flavonoids in terms of quercetin and absolutely dry raw
time, hours materials, %
The raw material-extractant ratio is 1:10
50% water-ethyl extract 70% water-ethyl extract 90% water-ethyl extract

6 5.682+0.056 8.119+0.042 8.358+0.036

12 4.201+0.054 5.821+0.021 4.471+0.040

24 9.127+0.060 6.935+0.066 5.391+0.022

48 7.877+0.049 5.753+0.040 5.055+0.056

The raw material-extractant ratio is 1:15
6 7.644+0.025 ‘ 9.597+0.052 8.173+0.036
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12 6.223+0.027 8.028+0.019 6.157+0.033
24 11.161+0.045 12.089+0.017 9.956+:0.041
48 6.251+0.010 6.539+0.035 6.860+0.041
The raw material-extractant ratio is 1:20

6 9.754+0.027 10.116+0.031 8.159+0.020
12 6.362+0.025 8.014+0.035 6.154+0.045
24 9.478+0.046 11.050+0.040 8.971+0.030
48 5.798+0.052 7.248+0.050 6.120+0.042

Figure 1 shows the data on the amount of flavonoids depending on the time of water-
ethyl extraction and the ratio of raw materials to extractants.

—=— 50% EtOH —=— 509
10 —e— 70% EtOH 147 —e—70°
—~—90% EtOH 134 —~— 909
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Figure 1. The content of flavonoids in water-ethyl extracts of the aerial part of Ferula songarica Pall.
ex Spreng. depending on the extraction time (1 — 6 h; 2 — 12 h; 3 — 24 h; 4 — 48 h;) and the ratio of raw
material-extractant A — 1:10; B—1:15 and C — 1:20

The antioxidant activity of the water-ethyl extracts was studied by determining the
iron-reducing potential Ferric Reducing/Antioxidant Power assay (FRAP) in vitro. The
concentration dependences of the optical density values for the extracts were obtained in
comparison with the standard substance ascorbic acid (AA). The antioxidant properties
increased in the sequence: 50% ethyl extract >AA> 70% ethyl extract > 90% ethyl

extract. An increase in the optical density indicates an increase in the reduction potential
(Table 3, Fig.2).
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Table 3. Change in optical density depends on the concentration of extracts from the aerial part of
Ferula songarica Pall. ex Spreng.

Extract concentration, mg/ml

No. Extracts 0.25 0.5 0.75 1.0

Optical density

1 50% water-ethyl extract |2.383 £0.14 |2.0836 +0.04 |2.021 +£0.01 |2.470 +0.07
2 | 70% water-ethyl extract |0.0644 +0.01 |0.1673 +0.15 |0.4932 £ 0.09 |1.0381 +0.08
3 |90% water-ethyl extract |0.0720+0.01 | 0.3713 £ 0.01 |[0.4499 +0.03 | 0.7063 + 0.35
4 | Ascorbic acid 1.569£0.01 [1.589+0.04 |1.748+0.02 |1.879+0.04

All the studied concentrations of 50% water-ethyl extract showed higher activity
compared to the standard.

50% EtOH
70% EtOH
2,6 90% EtOH
244 — AA

0,4 -]
0,2
0,0

T T
0,25 0,5 0,75 1
Extract concentrations, mg/ml

Figure 2. Comparative assessment of the antioxidant activity of water-ethyl extracts of the aerial part of
Ferula songarica Pall. ex Spreng.: 50% EtOH — 50% water-ethyl extract, 70% EtOH — 70% water-ethyl
extract, 90% EtOH — 90% water-ethyl extract, AA — ascorbic acid

According to the literature data, the standardization of Ferula varia herb based on
flavonoid content was previously conducted, using the glycosylated flavonoid cynaroside
as a standard. The authors studied the following parameters: the degree of raw material
grinding (ranging from 2 mm to an unground state), ethanol concentration (60-95%),
extraction time (15-90 minutes), and a temperature of 60°C. Under these conditions, the
yield of cynaroside from the raw material was approximately 1% (Kotenko, et al., 2009).
A distinctive feature of our study is the use of raw material with a fixed particle size, the
inclusion of an additional parameter — the raw material-extractant ratio, the aqueous-
ethanol extractants with concentrations ranging from 50% to 90%, an extraction time of
6 to 48 hours, and extraction at room temperature. As a result, the optimized conditions
developed in our study yielded flavonoid content (quercetin) of 11.2-12.1%.

According to literary data, antioxidant activity was previously found for the
species Ferula caratavica, Ferula kuchistanica, Ferula pseudoreoselinum, Ferula
samarcandica, Ferula tenuisecta and Ferula varia (Youssef, et al., 2020).
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Ithas beenreported that extracts containing phenolic compounds, including flavonoids
obtained from Ferula persica and Ferula szovitsiana showed high antioxidant activity
(Taghinia, et al., 2019; Dehghan, et al., 2007). The ethyl acetate extract of Ferula
caspica M. Bieb., extracts of the aerial part of Ferula communis, and other species
showed antioxidant activity (Kahraman, et al., 2019; Rahali, et al., 2019).

Numerous studies carried out mainly in vifro show that flavonoids can be classified
as non-enzymatic antioxidants that can directly or indirectly weaken or prevent cellular
damage caused by free radicals (Prochazkova, et al. 2011). The antioxidant activity of
water-ethyl extracts obtained from the aerial part of Ferula songarica Pall. ex Spreng.
was studied for the first time.

Thus, the optimal conditions for obtaining an extract containing flavonoids and
exhibiting high antioxidant activity are: extractant — 50% ethyl alcohol, raw material-
extractant ratio — 1:15, extraction time — 24 hours at room temperature.

Conclusion

The quality indicators for the aerial part of Ferula songarica Pall. ex Spreng. have
been determined, which correspond to the limits of permissible standards according to
the State Pharmacopoeia of the Republic of Kazakhstan: moisture — 8.15%, total ash —
7.39%, ash insoluble in HCI — 0.29%.

An optimal method for obtaining the sum of flavonoids from the aerial part of Ferula
songarica Pall. ex Spreng. has been developed: extractant — 50-70% ethyl alcohol, raw
material-extractant ratio — 1:15; extraction time — 24 hours at room temperature.

The antioxidant effect of 50, 70, and 90% water-ethyl extracts has been established by
the method of determining the iron-reducing potential of Ferric Reducing/Antioxidant
Power assay (FRAP) in vitro. Moreover, the 50% water-ethyl extract showed higher
activity than the standard.
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Abstract. CO, is one of the main greenhouse gases, the utilization of which in terms
of capture, use and storage has become an important topic of public discussion and has
been reflected in research and development in both academia and industry over the past
two decades. From an industrial point of view, CO, is considered not only as a waste
that has a harmful effect on the environment, but also as an interesting affordable source
of valuable products. Although CO, has a negative impact on the environment, today it
is an interesting and affordable source of valuable products from an industrial point of
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view. Thus, its research for physico-chemical processes can open up new horizons for
the industry when it is introduced as a raw material into production chains. The process
of dry reforming is often considered for the disposal of carbon dioxide. Dry reforming is
a very useful process, since it helps not only to recycle the amount of CO, and CH,, but
also to obtain synthesis gas for subsequent use. To date, the application of this process
to produce synthesis gas with a high CO and H, content in large-scale industries is in
the development stage and has not been implemented to this day. The catalysts were
prepared by burning the solution. The phase composition and crystal structure of fresh
and spent catalysts were analyzed using X-ray phase analysis. The results obtained in
the study of dry reforming using catalysts obtained by solution combustion synthesis
(SCS) are another step towards progress.
Keywords: catalyst; dry reforming of methane; SCS method; catalysis; cobalt
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AHHOTANMA. CO2 HETI3Tl MApHUKTIK Ta3gapAasiH Oipi Oombm TaObutamel. OHBI

naiiaiany ’koHe cakTay TYPFbICBIHAH K9JIeTe )KapaTy KOFaM/IbIK TAJIKbLIAYIbIH MAHbI3/IbI
TaKBIPHIOBIHA afHATIBI )KOHE COHFBI €Ki OHKBUIIBIKTA FRUTEIMHU OPTaja /1a, OHEPKICITITE
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Jie 3epTTeyiep MEH o3ipieMenepae KOpiHic TanTbl. OHEPKICINTIK TYPFhIIAH ajFaH/a,
CO, xopmaran opTara 3WSHIBI 9CEP €TETIH KalJbIK PETiHAE FaHa €MeC, COHBIMEH
KaTap KYHIbI OHIMICPAIH KBI3BIKTHI KOJDKETIMII K31 peTiHAe A€ KapacThIPbUIAMIbL.
CO, Kopmiaran oprara Tepic 9Cep eTKeHIMeH, OYIiHIl KYHi O]l ©HEPKICII TYPFBIChIHAH
KYH/IBI OHIMJIEP/IIH KBI3BIKTBI JKOHE KOJDKETIMII Ke31 Oonbin Tabbutansl. Ockuiaiiiia,
OHBIH (PU3UKAIBIK-XUMUSUIBIK TIPOLECTEpre apHalIFaH 3eprreyiepi eHaipic Tiz0erine
LIMKI3aT PETiHAE EeHTi3UIreH Ke3[Ae OHEepPKICiN YIIH >KaHa KOKKHEKTEp allybl
MYMKiH. KOMIpKBIIIKBUT Ta3blH K9AEre jKapaTy YIIIH Kyprak puGOpMHHT Mpoleci
Kui KapacTeipbuiaasl. Kyprak pudopmunr ete naiinansl npouecc, cededi on CO, -Hbl
xone CH, xomere »aparyra MyMKiHIIK Oepin KaHa KOMMai/bl, COHBIMEH Karap OlaH
opi maiiganany YUIiH CHHTE3 ra3blH IIbIFapanbl. byriHri Tanga Oyi1 mpouecTi ayKbIMIbl
enpipicre »orapbl CO oHe H, KypaMbIHIarbl CUHTE3 TasblH ajly YIIIH KOJJaHy
o3ipJey caThIChIHJA JKOHE Tl iCKe achIpbUIFaH oK. Karamuzaropnap epiTiHIiHi Kary
apKbUIbl AalblHAanAbl. JKaHa >koHe MaijanaHbUIFaH KaTalu3aTopiapAblH (azaibIk
KYpaMbl MEH KPUCTAIIBIK KYPBUIBIMBI PEHTTCHIIK (pa3aliblK Tajaay apKbUIbl TalAaHabl.
O3zirineH TapajaTblH KoFapbl Temneparypanblk cuHTe3 (JKTC) omiciMen anblHFaH
KaTaau3aTropiapAbl MaliAaiaHbll Kyprak pugOpMHUHITI 3epTTey/e ajJblHFaH HOTHKEIEp
UIrepisiey iy TaFbl Oip KagamMbl OOJIBIN TaObLIA b,

Tyiiin ce3nep: karanuzarop; Kyprak metan pudopmunri; XKTC Tocini; karanus;
KOOabT
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AnHotanus. CO: gBIsSeTCS OHUM U3 OCHOBHBIX MAPHUKOBBIX Ta30B, YTHIU3AIUSA
KOTOpPOTO C TOYKH 3pEHHs YJIaBIMBAHMUS, WCIOJIb30BAHMSA M XPaHEHHS CTajla BaKHOMN
TEMOH OOIIECTBEHHOTO OOCYX/ICHHS M HAllUla OTPaKECHHE B HAYYHBIX MCCIIEIOBAHUSX
U pa3paboTKax, Kak B akaJeMUIECKOH cpefie, TaK U B IPOMBIIIUICHHOCTH, 32 MOCIIETHIE
nBa necsatunetus. C npoMeinuieHHOH Touku 3penust CO2 paccMaTpuBaeTcst He TOJIBKO
KaK OTXOJl, OKa3bIBAIOIIUII BpeIHOE BO3JICHCTBHE Ha OKPY’KAIOIIYI0 Cpeay, HO M Kak
JOCTYIHBIN WCTOYHMK IEHHBIX MpoxykToB. HecMmoTpsa Ha HeratuBHoe BiusHue CO-
Ha OKPYKAIOIIYIO CPEy, B HACTOSIIEE BPEMs OH MPEJICTABISIET COOOW MEPCIEKTUBHOE H
JIOCTYITHOE CBIPbE JJIsl IPOMBIIITIEHHOCTH. Takum 06pa3oM, U3y4eHHe ero NpuMEeHEeHus B
(U3UKO-XUMHYECKHX MPOIECCaX MOXKET OTKPBITh HOBBIE BO3MOKHOCTH ISl BHEAPEHHS
CO:2 B IpOU3BOJACTBECHHBIC 1ICTTOUKH.

OnHuM 13 HanboJee n3ydyaeMbIX METOJOB Y THIIN3AIH JJHOKCH/ I YIIIEPOIa SIBIISIECTCS
mpolecc Cyxoro pu(pOpMHUHTa. DTOT IMPOLECC WIrPaeT BAXKHYIO POJb, IMOCKOJIBKY
MIO3BOJISIET HE TOJBKO YTHUIM3UPOBaTh 3HaunTenbHble konmumuectBa CO: u CH4, HO
MW TONyd4aTh CHHTE3-ra3 Jjs JajbHEWIIero MCHojib30BaHHA. B Hacrodiiee Bpems
MIPUMEHEHHUE 3TOTO TpoLecca i MOMyYeHUs] CHHTE3-ra3a C BBICOKUM COAEpIKaHUEM
CO u H: B KpyIHBIX IPOMBIIIICHHBIX MacIITa0aX 0CTAETCs HA CTaJUU UCCIICAOBAHUI
Y TIOKa HE peajn30BaHo.

Karanmuzarops! aist mporiecca ObUTH MPUTOTOBIICHBI METOAOM CKUTaHUSI pacTBOpa.
@a30BBIl  COCTAaB W KpPHUCTAUNIMYECKass CTPYKTypa CBEXHX U OTPabOTaHHBIX
KaTaJIM3aTopOB aHAITM3UPOBAJIMCH C TOMOIIBIO peHTIeHO(a3oBoro ananu3a. [lonyueHHbIe
Pe3yNIbTaThl MCCIEA0BAaHHS CYyXOro pU(OPMUHTA C HMCIOJIb30BAHHEM KaTaln3aTOPOB,
CHUHTE3UPOBAHHBIX METOIOM CaMOPACIPOCTPAHSIOUIETOCS BBICOKOTEMIIEPATyPHOTO
cuntesa (CBC), SIBISIOTCS eI1ie OJHUM IIaroM Ha Iy TH K TEXHOJIOTHYECKOMY IIPOTPECCYy.

KuroueBbie cj10Ba: karaau3arop, cyxoi pudopmunr merana, metog CBC, karanus,
KOOAQJIBT.

Paboma evinonnena npu ¢hunancosoll nodoepicke no npozpamMme  Yenesoo
Gunancuposanus MOH PK UPH BR24992995 «Co30anue nayunvlx 0CHO8 6 001acmu
Paspabomru  HOBbIX KOMNOZUMHLIX KAMATUMUYECKUX CUCTEM C  VIVYUUEHHbIMU
CBOLICMBAMU HA OCHOBE NEPEXOOHBIX U PEOKO3EMENbHBIX MEMALL08»

Beenenune. lckomaemoe TOIIMBO, €ro A00bUa M IMepepadoTKa UrparoT BaXKHYIO
poib B MUPOBOM 3KOoHOMHKE. OJHAKO, OTPOMHOE KOJHYECTBO BBIIEISEMBIX Ta30B,
TaKMUX KaK METaH U JUOKCHJ yIIIepo/ia, OTPUIIATEIbHO BIMAET Ha KOJIOTHIO B Mupe. Ha
CETOJHSIIHUH IeHb BOTIPOC 00 yTUIIU3AIIUH 3TUX I'a30B UIIM UX YACTHYHOM COKPAIIEHUH,
a TakKe BBIOPOCOB HX B arMoc(hepy ocTaercsi OTKPBITEIM. C APYTroil TOUKH 3peHHS ITH

198



Volume 1, Number 462 (2025)

rasbl SIBJSIFOTCSL CBIPhEM JUIS Tpolecca puopMHHTa, Oaarogaps KOTOPOMY MOXKHO
HE TOJBKO YTHWJIM3MPOBATH 3HAUMTENIbHYIO YacTh METaHa U AMOKCHJAA yIIeposa, HO U
MOJYYHTh B pe3yabrare puOpMHUHTA YUCTHIH HCTOUHUK TOTIJIMBA — BOAOPOI.

C xaxasIM JHEM moTpeOlieHHe MPUPOTHOro rasza yBennuuBaeTca. Eciau pasblie
npeoOpa3oBaHusl B YHEPIreTHKE OCHOBBIBAINCH HA LIEHOBOH KOHKYPEHTOCHOCOOHOCTH,
TO TeNepb SKOJOIMYECKHE AacleKThl BbIOOpa OSHEPrOHOCHTENEH CTAaHOBATCS BCE
Oonee BakHBIMHU. [IpM KIMMaTWyeckOM KpHU3UCE pa3yMHOE YIpaBleHHE MHUPOBON
He(Tera3oBoi OTPACIbIO TOHKHO MPUBECTH HAC K HU3KOyIIIeponHoMy Oymymiemy. Bo
n30ekKaHue KIMMaTHYeCKUX MpoOieM MHUpPOBOE COOOLIECTBO CIIOHCHUPYET MPOEKTHI,
OCHOBaHHBIE Ha JIeKapOOHHU3ALNH - PECTPYKTYpPHU3aLUU SKOHOMHKH U SHEPTETHYECKUX
cUCTEeM il TI00aJbHOrO COKpAallleHHs BBIOPOCOB BpEIHBIX Ta30B, YTO CHH3HT
YpOBEHb 3arpsA3HEHUs OKpyKatomien cpeabl. OpHako, 3T0 UAed HaXOAWTCA JIMIIb Ha
CTaIUil UCCIENI0BAaHUM, MPOBOAMMBIX KKl AeHb. 1[0 3TON mpuuMHE OTKa3aTbCs
OT HCIOJIb30BAaHUS TPAJULUOHHBIX MCTOYHUKOB SHEPIHU IOJHOCTHIO HEBO3MOXKHO.
Bnaronaps ObICTpOH TEXHOJOTMYECKOH pa3BelKe MEPCHEKTHBHBIM BapHaHTOM, JTHOO
AJIBTEPHATHBOM HEPTH MOXKET CITY>KUTh IPUPOAHBIN ra3, KOTOPBIH HMEETCSI B OTPOMHBIX
3anacax. CerogHs akTUBHO pa3padaThIBAlOTCS NpoLEcchl mepepaboTKM MeTaHa B
pa3iauyuHble IPOIYKTHI, TAKME KaK CUHTE3-Ta3a, KOTOPHIH ABIAETCS BayKHBIM 3TAIIOM B
npeoOpa3oBaHUU MPUPOAHOTO T'a3a B IPOAYKTHI.

[IpuponHsbiii Ta3 MOXKHO MepepadoTaTh B MPOAYKTHI C MOBHILIEHHON 100aBICHHOM
CTOMMOCTBIO 110 TPEM TEXHOJIOTMYECKHUM HalpaBJIEHUsAM: IMPOU3BOJACTBO CHHTE3-Ta3a,
npsiMast KaTaJIUTHYeCKas KOHBEPCUsl METaHa B 3TUJIEH — OKHUCINTEIbHAS KOHACHCALUS
METaHa, MpsIMO€ KaTaJIUTUYECKOE OKHCIEHHE MeTaHa [0 KHCIOPOACOAEPKAIINX
MPOIYKTOB — CIUPTOB U (HOPMaIbIETUAOB.

OnnuM  u3  Hamboinee BaKHBIX CHOCOOOB yTWUIM3AaLUM MeETaHa  SBISETCA
KaTaJIuTH4ecKas KOHBEpCUS METaHa B CUHTE3-Ta3, KOTOPBIN, B CBOIO OYEpE/ib, SIBISETCS
KJIFOYEBBIM TPOMEXKYTOUYHBIM IPOAYKTOM JJIsl NPOM3BOACTBA JKUAKOIO TOIIMBA WU
XUMHMUYECKHUX BEIeCTB. J[emeBbIM MCTOUHUKOM MJIS MPOM3BOJCTBA BOIOPOJA MOXKET
OBITH IPUPOIHBIN Ta3, OTPOMHBIE 3aIIachl KOTOPOTO YK€ U3BECTHBI, a TAKXKE B U30BITKE
BBIJIEJIICTCSI B aTMOC(EPy, YTO SBIACTCS OOJIBIIMM MTPEUMYLIECTBOM 110 CPABHEHUIO C
JpyTUMH BapuaHTaMHM MOJYyUYEHHsI BOIOPO/IA.

Buoraz Moxer OBITH HCMONB30BaH IJisi MOJYYEHHUS BOAOpOAA MO TEXHOJIOTHUH,
KOHKYPEHTOCIIOCOOHOM 1O  CpaBHEHHMIO C TPaAWLHOHHBIMH  TEXHOJOTHSMH,
OCHOBaHHBIMH Ha mpupoxHoM raze. Cyxoit pudopmunr merana (CPM), maposoit
PUPOPMUHT ¥ YACTUYHOE OKUCIICHHE - BCE ATO BO3MOXKHBIE O0IIINE METOABI pUPOPMUHTa
meTana. M3 Bcex Tpex crioco6oB yrunusanuu 6uorasa, conepaxarero CH, u CO,, cyxoii
pudopMuHT cuntaeTcs Hanbosee 3PpHEeKTUBHBIM.

DK30TepMUUecKre MOOOYHBIE peaklHu, npoTekatomme B mpouecce CPM mpu
temneparypax Huwxe 530°C, nepeuniciensl Huke (ypaBHeHus 1-3):

Peakuns Bynyapa: 2CO < C + CO,, AH°,,, = - 172,4 xJlx/Monb (D
I'maporenanus CO,: CO, + 2H, <> C +2H,0, AH°,, = - 90 k/bx/mMoms  (2)
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I'upporenanus CO: CO + H, & C +H,0, AH°,, =-131,3 kJI>x/MOJTB 3)

Peaxuust paznoxxenust Mmetana (ypaBHeHHE 4) 1 00paTHOTO NPEBPALICHHUS BOJBI B I'a3
(ypaBHEHHE 5) IPOTEKAIOT MPH BBHICOKOH TeMIIeparype:

CH, <> C +2H,, AH°,,, = + 74,9 xJlx/moms )
CO, +H, <> CO + 2H,0, AH®,, =+ 41 kJl/mMomb (5)

CuHTe3-Ta3 SABJIseTCS BaXKHBIM MPOIYKTOM, TTOIYYEHHE KOTOPOTO M3 MapHHKOBBIX
ra3oB - MeTaHa M JUOKCHJA YIIIepoia, MMPOUCXOAHT B MPOIECCe CYyXOro pupOpMHUHTA
MeTtaHa (Arora, et al., 2016: 108668; Zoundi, 2017: 1067; Hoehne, et al., 2017: 306; Al-
Fatesh, etal., 2019: 473; Al-Fatesh, etal., 2019: 188). Omqaum u3 hakTopoB TII06aTHLHOTO
MTOTETUICHHUS SBIISIETCS TIOBBIIICHUE YPOBHS YITICKUCIIOTO Ta3a B armocdepe. [TprmunHoit
WCCIIEZIOBaHUN B OOJIACTH IEPEOBBIX METOAOB MPOU3BOJICTBA YCTOWYMBOW DHEPTUU
CTaJI0 TaK)Ke MCTOIIEHHUE 3allacoB MCKOMaeMoro Toruma. Cpeian IPYyrHx MpOIECcCOoB
pudopmuHra CcyXxoi pu(GOPMUHT MeTaHa — 3TO METOI, SIBISIONIUICS TMOIXOISIINM
nis ucnionb3oBanuss CH, u CO, w 1y mony4eHnst NEHHOTO CHUHTE3-Tas3a, KOTOPBIH
MMeeT pa3NudHbIe obnactu nmpuMmeneHus (Song, et al., 2023: 102387; Liu, et al., 2022:
217, Zhang, 2024: €36708). Taxxe Ouoras, cocrosmuii B ochosHom u3 CO, u CH,,
BO3MOXKHO KOHBEPTHPOBATh B Oojiee 3dekrnBHOE TOTUMBO ¢ momonisio CPM (Lau,
et al., 2011:397; Kwon et al., 2018: 213). Ocoboe BrusHHE Ha KIUMaT U yCKOpEHHUE
[100aJIBHOTO TIOTETUICHUS WMEIOT MapHUKOBBIE Ta3bl, 0Opa3oBaBIIHMECS B IPOIECCce
AKCILTyaTallii UCKOTIaeMBIX BHJIOB TorwuB (Jiao, et al., 2016: 1065; Cui, et al., 2018:
94). Takue >HEPrOHOCHUTENH, KaK JUMETHIIOBBIA 3(pup u KapOOHMI, 00pa3yroTcs BO
BpeMs TiepepadoTKU ra3000pa3HOro MeTaHa, coctasistoniero 80% MpupoaHOTo Tasa.
[To sTo¥ MpuyMHE Takas mepepadoTKa HOCHT OYEeHb BAXHYIO POJIb B OymymieM s
sHeprocHabkenus. Taxxke uzsectHo, uro H, u CO, Bxonsuue B COCTaB CMHTE3-Ta3a,
SIBIISTFOTCS TIOJIE3HBIMU TPOMEKYTOYHBIME BEIIIECTBAMH JIJISl CHHTE32a PSIJIa XUMHUIECKIX
MIPOAYKTOB, K KOTOPBIM OTHOCSTCS JIETKHE ONe()MHBI, YITIEBOAOPOAbI U TOTYyYSHHOE
cunte3oM Oumepa-Tpomma xuakoe Tormmuso (Cui, et al., 2018: 94; Quellar-Franca,
et al., 2015: 82; Vieira, et al., 2017: 7141). bnarogapst SHIOTEpMUYHOCTH IIpOIIECCa,
XUMHUYECKUM XPaHWIHIIEM JIJIsi BO30OHOBISIEMON SHEPrHHM MOXKeT BhicTynmaTth CPM
(Sheu, et al., 2015: 12929).

Ocnoeras peakuus CPM ¢ nomydeHueMm cHHTE3-Ta3a Npu coOTHomeHun H./
CO, paBHOM eAWHHWIIE, TTOKa3aHA B ypaBHeHHH (0). DTO COOTHOIIEHHE ITO3BOJSET
WCTIOTIB30BaTh Ta3000pa3Hble MPOIYKTHI JIJIS TOTyYIEeHUS TUMETHIIOBOTO dupa.

CH, + CO, — 2CO + 2H, AH ?® = +248 xJlx/moib (6)
Kak u3BectHO, Takue OnmaropojHbie Merauibl, kak Rh, Pt, Pd u ap. obGmamaror

CBOMCTBaMHU BBICOKON CTOMKOCTH K OCaKIEHHUIO yriepona B peakiuu CPM. Onnako,
0 Ceil JIeHb UX 3KCIUTyaTalus B MIMPOKUX MacliTadax MpoOU3BOJICTBA HE BHEIPECHA 110
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npuyuuHe uX Beicokol neHsl (Polo-Garzon, et al., 2016: 3826; Nemeth, et al., 2015: 608;
Foppa, et al., 2016: 196). 13 HeOmaropoiHbIX METAJLIOB 3aMEHOM MM MOXKET IO CITYKUTh
Ni u Co, ux 1eHa JIeNIeBIe U OHU UMEIOT XOPOIINe XapakTepucTuku B peakiun CPM
(Vasiliades, et al., 2018: 201; Ghani, et al., 2018: 20881). Pasnuna mexmay 3TuMU
JBYMsI METaJIJIAaMH B TOM, YTO KaTaJIU3aTOPbl HA OCHOBE KOOAJbTa MEHEE CKIIOHHBI K
00pa30BaHUIO KOKCA [0 CPABHEHUIO C KaTallu3aTOpaMU Ha OCHOBE HUKes. biaromaps
CBOHMM YHUKAJIBHBIM XapaKTEPUCTHKAM, TAKHUM KaK OKUCIIUTEIIbHO-BOCCTAHOBUTEIIBHBIC
CBOICTBA, OTJAMYHASI €MKOCTh ISl XPAHEHMsI KHCIOPOAa, KaTalu3aTopbl Ha OCHOBE
ko0ajbpTa TaKKe MOT'YT OBITh HMCIOJIB30BaHKI Kak 3ameHa B peakuusx CPM (Park, et
al, 2018: 465). M3BecTHO NMpUMEHEHHUE OMMETANINYECKUX KAaTaIM3aTOPOB Ha OCHOBE
koOasbTa JUIsl yIy4IlIeHUs] KaTaTuTHIeCKuX nokaszarened B peakiuu CPM (Paksoy, et
al., 2018: 4321). XuMu4ecKkre yCIoBHsl, COCTaB MOBEPXHOCTH HOCUTENS U CTPYKTypa
CHOCOOCTBYIOT W3MEHEHHIO 3()()EKTUBHOCTH KaTaJM3aTOPOB HA OCHOBE KOOasbTa.
B3aumopelicTBue MexJy aKTUBHBIMH METaJJIaMH W HOCHUTEISIMH MOXET OBITh
JIOCTUTHYTO B NMPUCYTCTBUHM BTOPOTO METajlia B BHJE OKCHJA KOOalbTa, 10oOaBICHUE
KOTOpPOTO B COCTaB 00pa3iia CriocOOHO 3HAYUTENHHO YIIYYIIUTh €r0 KaTaIuTHUYeCKUE
cBoiicTBa (Sajjadi, et al., 2014: 111; Abasaeed, et al., 2015: 6818).

MarepuaJibl 1 OCHOBHbIE METOIBI

Karanuzaropsl ObUTM NPHUTOTOBIEHBI METOAOM CXKHMIAHUSI PACTBOPA, B KOTOPBIX
ucnonb3oBamuch  cnenyromue pearentel: Co(NO,),6H,0 (Sigma Aldrich, 97%),
AI(NO,),"9H,0 (Carlo Erba, 99%), La(NO,),"6H,O (ranbBaHuT, XUMUYECKU YUCTBIH),
Ce(NO,),"9H,0 (Alfa Aesar, 99,5%) u 10 r moueBunnl (Sigma Aldrich, 99,5%).
Pearentsl momemianuch B TEpPMOCTOMKMI CTakaH, B KOTOPOM o00IIas macca Bcex
pearentoB coctaBuia 20 r, u3 HUX 10 r MOYEBHHBI, KOTOpasi BHICTYyIala B KaueCTBE
TOIUIMBA JUIsl yIydlleHus mnpouecca ropenus. Harperas mo temmeparypsr 80°C
JneroHn3upoBanHas Bona (15 mu) moGaBisiach B XMMHUYECKHH CTakaH C HUTpaTaMH
coneli U MoueBUHBI. [lOMHOCTBIO pacTBOpEHHas CMECh B CTakaHe IMOMeIIajach B
npeasapurenbHo Harpetyio A0 500°C mydenpHyto neus Ha 5-10 munyT. B Teuenun
YKa3aHHOTO MPOMEXKYTKa BPEMEHU OCYILECTBISUIOCH TOPEHUE U TOJIyYalCsl TBEPAbIH
KaTanu3aTtop B Buje meHbl. [loimydeHHBIE B pe3yabrare OXJIaICHHbIE KaTalu3aToOpbI
Co-La-Al u Co-Ce-Al nzmensyanich 1 moMemainch B OI0KC.

B kBapueBsIii peakTop cHavajIa MOMEIAIOCh 2 MJI CTEKJIOBATHI, 3aTeM 2 MJI KBaplLa,
CTEKJIOBaTa, 2 MJI KaTaJn3aTopa, CHOBAa 2 MJ KBapla M B KOHIIE 2 MJI CTEKJIOBATHI.
Peaxmmst CPM  ocymiectBisiack mpu aTMOC(hEpHOM JAaBJICHHWH BHYTpU medyn. B
LEHTpE MeYN HaXOAUTHCS TEPMOJATYHK, KOTOPBIA ONMpEAessl TOYHYIO TEMIIEpaTypy B
coe karanuszaropa. Cmech peakunonnsix rasos - CH, u CO,, paz0apnennas Ar, npu
coornoutennu CH, : CO, : Ar=1:1: 1 ucnonp3osanach B peakKIMOHHOM IPOLIECCE,
IPU 3TOM CKOPOCTh MPOXOXKICHUS CMECH uepe3 peakrtop cocraBmia 145 mi mun’.
Ananmu3 CPM npooauncs npu temneparypax oT 600 1o 900°C kaxnapie 10 MUHYT Ha
xpomarorpage Chromos GC-1000 ¢ nporpamMmmubiM obecniedenreM Chromos.

@da3oBbIli COCTaB M KPUCTAJUIMYECKAsh CTPYKTypa CBEKHUX M OTpabOTaHHBIX
KaTaJln3aTopoB aHAJIM3UPOBAIHMCH C MOMOIIbIO peHTreHodazoBoro aHanusa (POA) Ha
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mudpaxromerpe JAPOH-4.07. IlpuGop Obu1 ocHamieH KOOANIbTOBOW PEHTTEHOBCKOM
TpyOKo#t (yCo-aK = 0,179 M), obecnieunBaromeil H3IyuyeHne ¢ XapakKTepHOH ATHHOM
BonHbl 1,78892 A. Ananus MPOBOJWIICS B JIMANa30He YIIOB qudpakmuu oT 5° 10
100°. Hdus oGneruenust maeHtudukanuu (aspl ObUIM HCIIOIB30BaHBI MPOTPAMMHOE
obecneuenue HighScore Plus u 6a3a nannsix PDF-4+ (Degen, et al., 2014: 13; Gates-
Rector et al., 2019: 352).
YpaBHEHUs [Jis pacuera napaMeTpoB MpoIlecca, B KOTOPBIX X - KOHBEPCHUSI METaHa

u CO,:

2

| FeHa,in—FEHa, uut)
Xena [%] = 22 2HE %100
cns [%0] Fehom 00% (7)
Foon.in

PesyabTathl u 00cyKaeHHE

Pesynbrarel uccnenosanust CPM noka3aHbsl Ha pUCyHKe 1, rie sICHO BHAHO, YTO
NpH yBEIMYEHUH TEMIIEPATYphl BMeCTe ¢ Hel pacteT u kouBepeust CH, u CO,. Takxke
Ppe3yNIbTaThl AKCIIEpUMEHTa IOKA3aJIl, 4To KOHBepcus Ha katanu3arope Co-La-Al Beiie,
yeM Ha Co-Ce-Al. B 000ux ciay4asx KaXIblii U3 KaTaau3aTOPOB MTOKa3aJl CBOM JTyYILINHA
pesynsrat mpu 900°C.
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Pucynok 1 - 3aBucumocts kousepcun Metana u CO, oT Temneparypsl peakiuu Ha karanuszaropax Co-La-
Al u Co-Ce-Al

C nmomomrpsio POA Obl1o ycTaHOBIEHO 00pa3oBaHUE TAKMX OKCHUAHBIX (OPM, Kak
CoALO,, CeO,, AlCeO,, a takxke meraumdeckoro Co B karamuszarope Co-Ce-Al,
pucyHok 2. Takxe ObLIO YCTaHOBIEHO MPUCYTCTBHE 3THX (POpM MoOcCie CKUTAHUS

pacTBopa HHUTpaToB ¢ MOUEBHMHOM M B Apyrux padorax (Degen, et al., 2014: 13).
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KyGuueckas u tetparonanbhas pasa ornocurcs k CeO, u CeAlO, Pasmep kpucrannuros
METaJUIMYEeCKOTO KoOanbTa MOYTH HE H3MEHSUICS Jake I0Cie KaTaluTHYEeCKOH
peaxuuy. CyImecTByeT BEPOsSTHOCT BOOCTaHOBIeHUs okenza uepust us CeO,8 CeO
YTO SBISETCS HEYAOBIETBOPUTEIBHBIM pPE3yJbTaToM, NockoibKy CeO, nHeobxomum
9TOOBI MPEJOTBPATUTH OKHUCIEHUE KOOAIbTa, a TAKXKE OH MPEMATCTBYET Je3aKTHBALH
karanuzaropa (Li, et al., 2024: 611). B orpaborannom Co-Ce-Al karanuzarope Takxe
OoOHapyXeH KOKC M TpaduT, YyTO TOBOPHUT OO0 OTCYTCTBHIO y HErO CIIOCOOHOCTH K
MPEAOTBPAILEHHIO KOKCOBAHUSI.

AHAIIOTUYHO TpeablAylieMy Katanusaropy, B cBexeM Co-La-Al mpucytctByer
MmeTtainueckuii kooansT, CoO u C0A1204, pucynok 3. Ilomumo 3TOro, B JaHHOM
KaTanu3arope HaONIofaeTcsi HaMMEHBIIWH pa3Mep KpUCTaUTOB kobambTa. llocie
KaTaJIUTUYECKOW PeaKlru CMELIaHHbIe OKCHBI pasniaraiuch 10 Metammdeckoro Co
M3-32 €r0 BOCCTAHOBIICHHS BO BPEMsl KaTaIMTHYECKOTO nporecca. OOpa3oBaBiinecs B
orpaboTaHHOM Karanusarope Meramnieckuii Co u LaAlO, umenu KpucTammyeckyo
¢azy. I'papura u apyrux ¢opMm ymiepoma He ObUIO OOHAPY)KEHO B OTPaOOTaHHOM
KaTanu3arope, Tak Kak B mporecce CPM naHTaH B cocTaBe KaTain3aTopa 3allldIlacT
MOBEPXHOCTh KaTaln3aropa oT 00pa3oBaHus Ha HEM YIIepOAa.
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3akiroueHue

OGa karanusaropa IoKasaiu BbICOKYI0 KoHBepcHs Merana u CO,, 3aBUCAILYIO OT
temrepatypbl. OHaKO pe3yibTarsl Henoib3oBanust Co-La-Al kaTanuzaropa oka3anuch
4yTh Jydme 1o cpaBHeHHIO co BTOpbIM Co-Ce-Al karammzaropom. POA Takxke
MOKa3aJl CXOXKECTh JIBYX KaTalu3aTopoB B TOM, YTO B O0OMX CIIydasix 0Opa30BBIBAJICS
METaJUTMYEeCKHI KOOAJIBT, MOCKOJIBKY €0 OKCHJIBI BOCCTAHABIMBAJIKMCH B XO/I€ PEAKIINH,
1 CoAlLO,. OTMYUTENBHBIM MOMEHTOM e cTano obpasosanus kokca B Co-Ce-Al,
u ero orcyrctBue B Co-La-Al. B urore, mo pe3ynasratamM HCCIIEIOBAaHUS BHUIHO, YTO
KaTajJu3aTrop, COIEpXKalluil JaHTaH, MMEET OIpPE/eJICHHOe IPEeUMYIIECTBO Iepes
BTOPBIM 00Pa3IIoOM.
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