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REGULATION OF THE COMPOSITION AND PROPERTIES OF HUMIC
SUBSTANCES DURING ACID TREATMENT

U.Zh. Dzhusipbekov, G.O. Nurgalieva®, Z.K. Bayakhmetova, D. Duisenbai, U.B. Aksakalova
«A.B. Bekturov Institute of Chemical Sciences» JSC, Almaty, Kazakhstan
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Abstract. Introduction. Humic substances (HS) are promising natural sorbents that contain
carboxyl, phenolic, hydroxyl and other functional groups, which ensures their high reactivity and
tendency to complex with heavy and transition metals, influencing their migration, bioavailability and
toxicity.The aim of the work is to investigate the influence of various factors on the production of humic
acids from the domestic natural raw materials. Methods: standardized methods, elemental and functional
analysis, IR spectroscopy, and thermogravimetry. Results and discussion. Research has been conducted on
the production of humic acids (HA) by reacting sodium humate with hydrochloric acid. It has been shown
that the regulation of the HCI concentration, liquid phase ratio, reaction time and temperature allows one
to control the yield of HA%' (up to 78.31%), the content of COOH and OHpnen. groups (up to 1.20 and 1.62
mmol/g), the total pore volume (up to 0.58 cm®g) and static exchange capacity (up to 21.10 mg-eq/g).
The determined optimal synthesis parameters (sodium humate concentration of 3.0%, liquid phase ratio
1:1, treatment for 15 min at 20°C) ensure reproducible properties of the HA and their high efficiency in
the sorption of metal ions. The elemental analysis and the calculation of the H/C and O/C atomic ratios
have shown that the structure of the synthesized the HA is heterogeneous, including aromatic and
aliphatic fragments. It has been found that an increase in the HCI concentration initiates an oxidative-
hydrolytic destruction of the peripheral structures with a simultaneous increase in the oxygen-containing
functional groups, which determine the sorption activity of the HAs. The data of the thermal analysis and
IR spectroscopy confirm the preservation of the functional groups up to 350°C and are consistent with the
degradation processes at higher temperatures. Conclusion. A process flow diagram for producing humic
acids under the “mild” conditions has been developed. It is characterized by flexibility, low waste
generation, and the ability to produce humic sorbents with a specified composition. The synthesized HA
have sorption, ion exchange and other properties and are promising for practical application.
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1. Introduction

Contamination of the liquid media with heavy metal ions (HMI) poses a
serious threat to human health and the biosphere due to their high toxicity,
stability, and tendency to bioaccumulate [1-3]. Various methods have been
developed for the removal of the HMI from the aquatic systems [2-5], among
which sorption is considered one of the most effective and versatile approaches
[6-8]. Among synthetic and natural sorbents, HS, natural organic compounds with
the oxygen-containing functional groups that provide high complexation and
sorption capacity, are of particular interest for the HMI removal. The role of the
HS as selective sorbents for Pb?* in the multi-element systems with pH regulation
and the introduction of activating groups into the sorbent structure has been
demonstrated in [9]. It has been established that a combination of alkaline
extraction of brown coal with membrane ultrafiltration makes it possible to obtain
the HS with a low impurity content [10]. Biosolubilization of a lignite, using a
cell-free fungal enzyme filtrate has demonstrated significantly higher humic acid
yields [11]. The authors [12] have found that the alkaline extraction of a lignite,
combined with the fermentation and subsequent organic decomposition, have
improved the functional properties of humic acids.

Despite these results, the impact of the humic acid production methods on
their properties, reproducibility, and industrial applicability remains poorly
understood, which justifies the objective of this study - to investigate the
influence of various factors on the process of obtaining humic acids from the
domestic natural raw materials.

2. Experimental part

Humic acids were synthesized using sodium humate, extracted from brown
coal from the Oikaragai deposit (the Almaty region). The yield of free humic
acids (HA%" was 47.0%, with the ash content (A% of 24.80% and the moisture
content (W?) of 12.80%.

Humic acids were synthesized, using 1.0-5.0% HCI at 20°C for 5-35 min
with a liquid phase ratio (sodium humate:hydrochloric acid) of 1:0.4+2 and a
drying temperature of 20-150°C. The elemental composition of the HA (C, H, N,
0) was analyzed on a FlashSmart elemental analyzer (Thermo Fisher Scientific
Inc., USA), the yield of HA%", the content of COOH and OHjpnen -groups, the static
exchange capacity (SEC), and the total pore volume were determined according
to standard methods [13-16]. The IR spectra were recorded on a Nicolet 5700
Fourier-transform IR spectrometer (Thermo Electron, USA) in the range of 4000-
400 cm™! in the KBr tablets; the absorption bands were interpreted according to
the literature [14, 17]. A thermogravimetric analysis was performed on an
SKZ1053 device (SKZ Industrial Co., Limited, China) in the air atmosphere up to
600°C at a heating rate of 1-80°C/min [18, 19].



ISSN 1813-1107, elSSN 2710-1185 MNe 1, 2026

3. Results and discussion

It follows from the results shown in Figure 1 that an increase in the HCI
concentration is accompanied by a change in HA%', the content of the COOH-
and OHpren-groups, the total pore volume and the SEC of the obtained HA
samples, reaching 79.10%, 1.23 and 1.63 mmol/g, 0.59 cm®/g and 21.23 mg-eq/g,
respectively, at L:L=1:1, the reaction time of 35 min and the temperature of 20°C.
An acid treatment of sodium humate probably initiates the oxidative-hydrolytic
destruction of the organic macromolecule, accompanied by a structural
rearrangement of the HA and the formation of the additional functionally active
centers. An increase in the content of the COOH- and OHgnen-groups,
characteristic of the HS [9, 10, 14], causes an increase in the number of active
sites and, as a consequence, an increase in the sorption properties of the
synthesized HA.
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Figure 1 — An isotherm of the dependence of the HA% (a), acidic groups (b), total pore volume (c) and
SEC (d) on the concentration of hydrochloric acid.

An analysis of the data presented in Figures 2 and 3 indicates that an increase
in the L:L ratio from 1:0.4 up to 1:2, as well as an increase in time from 5 to 35
min, leads to an increase in HA®" from 70.50 up to 78.75%, the content of the
COOH groups from 1.09 up to 1.21 mmol/g and the OHphen groups from 1.44 up
to 1.61 mmol/g, the total pore volume from 0.46 up to 0.57 cm®g and SEC from
19.50 up to 21.14 mg-eqg/g, which is due to the dilution of the reaction suspension
and intensification of the mass transfer, contributing to a more complete transition
of the HA into the solution, acceleration of the decomposition of organic
fragments of the humic sorbent and deepening of the oxidation of aliphatic
structures, resulting in the formation of a more developed and porous structure of
the material.

The obtained experimental data (Figure 4) indicate the presence of a
pronounced temperature pattern in the formation of the structural and functional
characteristics of the HA: an increase in the drying temperature from 20 up to
80°C promotes the removal of the physically bound moisture and stabilization of
the porous structure, which leads to an increase in the yield of HA%" up to
78.27%, the content of the COOH and OHpnen-groups — up to 1.19 and 1.59
mmol/g, respectively, the total pore volume — up to 0.55 cm®g and SEC — up to
21.0 mg-eqg/g. At the same time, a further increase in the drying temperature up to
150°C changes the direction of the process and causes a decrease in the above

7
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indicators, due to the intensification of the decarboxylation processes, partial
oxidation and destruction of the aliphatic fragments of the HA macromolecules,
leading to a decrease in the number of the oxygen-containing functional groups
and degradation of the porous structure of the material. An elemental analysis of
the HA characterizes their composition, transformation, aromaticity, and
functional activity [14, 20]. The elemental analysis (Table 1) and calculated H/C
and O/C atomic ratios demonstrate structural changes in the synthesized HA,
affecting the ratio of the central and peripheral fragments of the molecules. A

decrease in the content of C, H, N, and O with an increase in the concentration of

HCI indicates the oxidative-hydrolytic destruction of the peripheral organic part.
The H/C (0.92-1.08) and O/C (0.39-0.46) ranges reflect the presence of the
aromatic and aliphatic fragments and enrichment of the HA with the oxygen-

containing functional groups.
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Figure 2 — Changes in the HA% (a), acidic groups (b), total pore volume (c)
and SEC (d) depending on the L:L ratios.
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An analysis of the IR spectra of the synthesized HA (Figure 5) has revealed
the characteristic absorption bands of v-vibrations of the unbound OH groups at
3695-3690 and 3620-3615 cm™, as well as the hydrogen-bonded OH groups in
the region of 3415-3410 and 3235-3230 cm™ [14, 17]. The shoulder in the range
of 3065-3000 cm™ is due to the vibrations of the aromatic =C—H bonds. The
bands at 2965-2960, 2930-2925, and 2855-2850 cm™ correspond to the vs-
vibrations of the aliphatic -CH, and -CH3 groups, and at 1710-1700 cm™ to the v-
vibrations of the carbonyl groups of carboxylic acids and their derivatives, while
the absorption in the region of 1580-1555 cm™ indicates the presence of
secondary amides. The bands at 1390-1385 cm™ are associated with v- and &-
vibrations of the C-O and O-H groups of carboxylic acids, esters, and phenols,
and the range of 1095-1010 cm™ is associated with the v-vibrations of the C-O
bonds in alcohols and esters. The bands in the region of 915-425 cm™ are due to
the out-of-plane &-vibrations of the aromatic rings. An increasing in the HCI
concentration is accompanied by an increase in the intensity of the carboxyl group
bands in the region of 1710-1700 cm™.

Table 1 — An elemental analysis of the humic acid samples

The By weight % Atomic % Atomic
concentrati relations
on of
hydrochlor
ic acid, % C H N (e} C H N (0} H/C o/C
1 60.15 | 4.63 221 31.53 | 42.60 | 39.37 | 1.27 | 16.75 0.92 | 0.39
2 59.91 | 4.35 2.13 30.11 | 35.75 | 43.81 | 151 | 18.93 122 | 0.53
3 58.53 | 4.16 2.09 27.82 | 4459 | 38.09 | 1.37 | 15.93 0.85 | 0.36
5 58.10 | 4.01 1.96 27.71 38.68 41.81 | 1.46 18.04 1.08 0.46
i
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Figure 5 — The IR spectra of the HA samples.
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The thermal analysis data (Figure 6) are in good agreement with the IR
spectroscopy results: the thermal stability of humic acids up to 350°C correlates
with the presence of the intense bands of the carboxyl, hydroxyl, and aromatic
groups in the IR spectra. The onset of degradation at 350-360°C corresponds to
the degradation of the aliphatic fragments and carboxyl groups, indicated by the
bands at 1710-1700 and 2960-2850 cm™, while the exothermic effect at 510-
550°C is consistent with the destruction of the aromatic ring, confirmed by the
bands in the range of 1600-1500 and 915-425 cm™.
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Figure 6 — The thermograms of the synthesized samples of humic sorbents.

Based on the experimental data, a process flow diagram for producing humic
acids (Figure 7), implemented under the “mild” conditions, has been proposed.
The process does not require high temperatures or pressures or the use of
expensive or hazardous reagents, and the low reaction temperature (20°C)
eliminates the need for additional energy. The technology is highly flexible due to
the ability to vary parameters and use various mineral acids, enabling the
production of humic sorbents with a specified composition and controlled
physicochemical properties. An additional advantage is the low level of waste
generation due to the ability to reuse the liquid phase in the process cycle.

Optimization of the humic acid synthesis parameters has been conducted
under the laboratory conditions, resulting in the establishment of the optimal
process conditions: the sodium humate concentration of 3.0%, phase ratio of 1:1,
duration of 15 min, temperature of 20°C, and drying temperature of 80°C. A
chemical analysis of the obtained test samples has been used to determine the
contents of HA®™ COOH and OHpnen group, the total pore volume, and COE
(Table 2). The results confirm the high efficiency of this technology, which
ensures the production of humic sorbents with the reproducible physicochemical
characteristics, suitable for the sorption of metal ions.

10
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Figure 7 — The basic technological scheme for obtaining humic acids.

Table 2 — The characteristics of the prepared humic acid samples.

HA%" mass.% The content of the acidic groups, The total pore COE,
mmol/g volume, cm®/g mg-equ./g
COOH Othen.
78.31 1.20 1.62 0.58 21.10

4. Conclusion

The experimental results have demonstrated the feasibility of producing
humic acids by reacting sodium humate with a low-concentration HCI solution.
The composition and properties of the synthesized humic acids have been
determined to depend on hydrochloric acid concentrations, drying time,
temperature, and the ratios of the starting components. The elemental and
functional analysis, IR spectroscopy, and differential thermal analysis (DTA) data
indicate that the humic acids are characterized by the thermal stability, a high
yield of the active ingredient, and a high content of the carboxyl groups and
phenolic hydroxyls. They can participate in ion exchange and complexation
reactions. The proposed humic acid production technology utilizes various types
of acid reagents, variable process parameters, and the composition and properties
of the humic acids, making it more flexible and enhancing their sorption capacity.
The resulting humic acids can be used as effective natural sorbents for purifying
the liquid and solid media from various contaminants.
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KbIINKBIJIMEH OHJAEY KE3IHJEI'I T'YMHH/I 3ATTAP/IbIH KYPAMBI
MEH KACUETTEPIH PETTEY

OK. Kycinoekos, I'.O. Hypzaﬂueﬁa*, 3.K. baaxmemoesa, /]. /[yiicenéaii, ¥.b. Akcarkanosa
«9.b. Bexmypoe amvinoazel xumusi evlabimoapsl uncmumymoly AK, Aimamor, Kazaxcman

Tyitingeme. Kipicne. T'ymunni 3atrap (I'3) — kapOGokcmi, (eHONIBI, THIAPOKCHI XOHE 0acka maa
(YHKIMOHAIBIK TONTap/bl KAMTUTHIH NEPCIEKTHBANbl TaOHFH COpPOCHTTEp, Oy OJapAbIH >KOFapbl
PeaKUMsUIBIK JKOHE ayblp JKOHE OTIIENi METaJIapMeH KEIIeH Ty3yre OeHIMIUIriH KaMTaMachl3 eTeqi,
OJIApIbIH MUTPALUSCHIHA, OMOXKETIMALIITIHE JKOHE YBITTBUIBIFBIHA dcep eTeli. JKymbicmuly makcamol —
OTaH/IBIK Ta0WFM IIHMKI3aTTaH TYMHH KBIIIKBUIJAPBIH ally yJAepiciHe opTypii (akTopiapislH ocepiH
3eprrey. Odicmep: CTaHTAPTTAIFaH oOJicTep, OJJIEMEHTTIK JKOHE (YHKIMOHAMIBIK Tangay, MWK-
CIHEKTPOCKOIHSI JKOHE TepMorpaBuMeTpus. Homuowcenep oicone mankwinay. Hatpuil rymatbiH Ty3
KBIIIKBUTBIMEH OPEKETTECY apKbUIbl ryMuH Keimkeuinapsi (I'K) amy GolibiHIna 3epTTeysep Kyprizimii.
HCl koHIeHTpalHsChIH, CYHBIK (ha3a KaThIHACHIH, PEaKIMs YaKbITHIH JKOHE TEMIIEPATypachlH peTTey
HA%" nmpreiven (78.31%-ra neitin), COOH sxone OHgen. TonTapbinbi Meuiepin (1.20 xone 1.62
MMonb/T fieitin), sxanmnsl keyek kesemin (0.58 cM/r sieifin) *oHe CTATHKAJIBIK anMacy ChIHBIMIBLIBIFBIH
(21.10 mr-skB/r peiiin) GakpilayFa MYMKIiHIIK OepeTiHi KepceTinmi. AHBIKTajdfaH OHTAWIbI CHHTE3
napaMerpiepi (HaTpuii ryMaThiHbIH KoHIeHTpanuscol 3.0%, cyiibik (asa kareiHacel 1:1, 20°C, 15 muH)
I'K-HbIH KaiTalaHATBIH KACHETTEPiH JKOHE METalUl MOHJAPBIH COPOLMsIAyAarbl JKOFapbl THUIMILUTITH
KamMTaMachl3 ereai. OieMeHTTIK Tanmpay skoHe H/C xome O/C aToMABIK KATBIHACTAPBIH ECEITEY
cunreszenred ['K KypbUIbIMBIHBIH T€TEPOTreH i €KeHIH KOPCETTI, OHBIH iLIIH/E apOMATThI )KOHE anu(paTThl
¢parmentrep 6ap. HCl KOHIEHTpAUMACHIHBIH JKOFApbLIaybl MEpU(PEPUSIIBIK KYPUIBIMIAPBIH TOTBIFY-
THIPOJIUTUKAJIBIK bIabIpaybiHa, I'K copOuusuIbIK OeCeHIUTIrH aHBIKTAaiThIH OTTeri 6ap (yHKIIMOHAIBIK
TONTApABIH apTybIHA OKEJICTIHIIr aHbIKTANAbL. TepMusIIbIK Tanaay sxone VK-cnexkTpockonus nepexrepi
¢yHkmoHanaplK TonTapaslH, 350°C meiiH cakKTaldyblH pacTaiipl JKOHE JXOFapbl TEMIIEpaTypaaarbl
blAbIpAy  yaepicrepiHe coiikec kenemi. Kopwimwuinowi. «Kymcak» oxarmainmapna 'K amynsin
TEXHOJIOTHSUIBIK CHI30achl 93ipieHnl, Oy MKeMANriMeH, KalJbIKTapIblH a3 Ty3UIyiMeH JKOHE KypaMbl
OenriJieHreH TyMHH COpOEHTTEpiH any MyMKiHairiMen cumartanaasl. Cunresnenren 'K copOnusuibik,
HOH anMacy jkoHe 0acKa Jia KaCHeTTepre ue jKoHe MpaKTHKa/[a KOJIJaHy YIIiH IepCreKTHBAIbI.

Tyidingi ce3mep: T'yMHH KbIIKBUIIAPBI, TY3 KBIIKBUIBI, OTTeri 0ap (YHKIMOHAIIBIK TOMTAap, aybIp
METaJT HOHJAPhl, COPOCHT, TEXHOIOTHSLIBIK ChI30a

Kycinoexoe Omipsak, Kymacinyns Texnuxa blibiMOapbiHbly 00KMOpbl, pogeccop
Hypzanuesa I'ynzuna Opvinmaiiki3ol Xumus 261161MOaPLIHBIY OOKMOPbL
baaxmemoea 3amupa Kenecoekkvizo Xumust 611bIMOAPLIHBIY KAHOUOANb
Ayiicenban Jynam Kiwi evinvivu goizmemkep

Akcaxanosa ¥ncan Bazycankvizol Hnocenep

PEI'YJIMPOBAHUE COCTABA Y CBOMCTB 'YMHUHOBBIX BEIECTB IIPU
KHUCJOTHOM OBPABOTKE

V.JK. /Tucycunéexos, I.O. Hypzanuesa', 3.K. Baaxmemosa, JI. /lyiicenéaii, ¥.b. Axcaxanoea
AO «Hncmumym xumuyeckux nayk umenu A.b. bexmyposa», Armamei, Kazaxcman

Pe3tome. Bseoenue. I'ymunoBbie BemiecTBa (I'B) — nmepcriekTHBHBIE IPUPOTHBIE COPOCHTHI, 00JIaIaronye
KapOOKCHIIBHBIMH, (DEHOJBHBIMU, THUIPOKCHJIBHBIMA W JPYTUMH (YHKIHOHAIBHBIMH TPYIIIaMH, YTO
obecrieyrnBaeT MX BBICOKYIO PEAKIHOHHYIO CIIOCOOHOCTh M CKJIOHHOCTh K KOMILIEKCOOOPa30BaHHIO C
TSDKEJIBIMU U TIEPEXOAHBIMU METAIUIAMHU, BIHSS HAa UX MUTPALMIO, OMOZOCTYIHOCTh U TOKCHYHOCTD. [[enb
pabombl — MCCIEIOBAHUE 3aKOHOMEPHOCTEH BIMSHHS PA3IMYHBIX (DAKTOPOB HA IPOLECC MOIYYECHHS
TYMHHOBBIX KHCIJIOT W3 OTE€YECTBEHHOTO IPHPOIHOTO CHIPbS. Memoowl: CTaHAApPTU30BAaHHBIE METOJBI,
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JJIeMEHTHBIH M (yHKIMOHANbHBIH aHann3, MK-cnekrpockonus M TepMorpaBuMeTpus. Pesyibmamol u
obcyncoenue. llpoBemeHsl wuccnemoBaHus 10 moiydeHuto rymuHoBeiX kuciaor (I'K) myrem
B3aMMOJCHUCTBUS T'yMaTa HaTpUs C COJIIHOM KucioTod. [lokazaHo, 4TO peryaupoBaHHE KOHLIEHTPALMH
HCI, cooTHOmEHNs >XUAKON (a3bl, BpEMEHH PEaKLMy W TEMIEPaTyphl IO3BOJACT YIPABISTH BEIXOJIOM
HA%" (10 78.31%), conepxanuem COOH- u OHgew-rpynn (1o 1.20 u 1.62 MMONB/T), CyMMapHBIM
o6Bemom mop (10 0.58 cM®/T) u cTaTHyeckoit 06MeHHOH eMKocThio (10 21.10 Mr-3kB/T). OnpeneTeHHbIe
ONTHMaJbHbIE ITApaMETpPhl CUHTE3a (KOHIeHTpauus rymara Hatpust 3.0%, cooTHomeHue )unkux ¢asz 1:1,
obpaborka 15 mumH mpu 20°C) obecmeunBaroT BocHpou3BoauMmble cBolictBa 'K M HX BEICOKYIO
3¢ GEeKTUBHOCTD B COPOLIMHI HOHOB METAJUIOB. DJIIEMEHTHBIN aHAIN3 U PACUeT aTOMHBIX cooTHomenuit H/C
u O/C mokazamy, 4TO CTPYKTypa CHHTe3UpoBaHHbIX ['K sBIsieTcs TeTepOreHHOH, BKIOYAIOLICH
apomaTnyeckue M anudarudeckue (parMeHTHL. YCTaHOBJIEHO, 4YTO IoBbILeHHE KoHueHTparmy HCI
HMHULUHAPYET OKUCIUTEIBHO-TUIPOIUTHYECKOE Pa3pyIICHIE NepU(EPHIHBIX CTPYKTYP C OJHOBPEMEHHBIM
POCTOM KHCIOPOACOACPKAIMX (DYHKIMOHAJBHBIX TPYII, ONpPEASISIOMNX COPOIMOHHYI0 aKTHBHOCTh
I'K. [Hannpie Ttepmuueckoro anamuza u  HWK-cmekTpockomuu MHOATBEP)KIAIOT  COXPAHHOCTH
¢yHkumoHaneHbIX Trpynn g0 350°C M cornacyrorcst ¢ JierpaJallMOHHBIMU HpolieccaMu Ipu Oosee
BBICOKHX TeMIeparypax. 3axmoyenue. Pa3paborana TexHonormdeckas cxema noiydeHus I'K B «MArkux»
YCJIOBHSIX, XapaKTepHU3yoIascs T'MOKOCTbIO, HU3KMM YPOBHEM OTXOJ000pa30BaHMSI M BO3MOXKHOCTBIO
MOJyYeHUs: TYMHMHOBBIX COpPOGHTOB C 3ajaHHbIM coctaBoM. CunresupoBannsle 'K oOnaparor
COPOIMOHHBIMY, HOHOOOMEHHBIMH H JIp. CBOMCTBAMU U IIEPCIICKTHBHBI JUIS IPAKTUYECKOTO IPHMECHEHHS.

KiioueBble c10Ba: TyMHUHOBBIC KHCIOTBI, COSIHAs KHUCIOTA, KUCIOPOJCOACpKaIie (HYHKIMOHAIBHBIC
IPYIIIIbI, HOHBI TSDKEJIBIX METAJIOB, COPOEHT, TEXHOIOTHYECKask CXeMa

Jocycunbexos Ymupzak Kymacunosuu Joxmop mexnuueckux nayk, npogeccop
Hypeanuesa I'yazuna Opvinmaesna Jlokmop xumuueckux Hayk
baaxmemosa 3amupa Kenecoexosna Kanouoam xumuueckux nayx
[yiicenoan /Iynam Mnaowuii nayuHwitl compyoHUuK
Axcaxanoea Ynocan bazycanosena Huorcenep
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LEAD-LIKE PROPERTIES OF A NOVEL PYRIDINE
AMINOPHOSPHONATE: SYNTHESIS, PREDICTIVE EVALUATION
AND BIOLOGICAL TESTING

AYu. Ten'", D.T. Serdaly*?, T.M. Seilkhanov?, V. K. Yu!
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Abstract. Introduction. Aminophosphonate derivatives attract considerable interest as a class of
low-molecular-weight compounds capable of exerting regulatory effects in biological systems of different
origin. Early-stage characterization of biological potential can be achieved by combining predictive
approaches with experimental investigation. The aim of this study is to synthesize a new
aminophosphonate, obtain its water-soluble form and evaluate its biological activity in a “prediction-
experiment”  format. Dimethyl((3-phenoxyphenyl)((pyridin-2-ylmethyl)amino)methyl)phosphonate
(PMAAPNh) has been synthesized by the Kabachnik-Fields reaction, and then its succinate salt (PMAAPh-
Suc) has been obtained to improve the solubility in water. The structure of the compound has been
confirmed by the methods of a physicochemical analysis (NMR and IR spectroscopy). The predicted
biological activity, pharmacokinetic properties, and toxicity have been assessed, using in silico tools.
Experimental studies have been performed, using plant models in vitro, and a model of experimental
pancytopenia in vivo. The computer screening has shown that aminophosphonate PMAAPh meets the
main criteria for pharmacological similarity and belongs to toxicity class IIl. The experiment has
demonstrated that PMAAPhA-Suc stimulates the germination and vigor of wheat seeds, and also stimulates
hematopoiesis. Taken together, these findings provide a basis for the further investigation of the biological
activity of this aminophosphonate.
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1. Introduction

In recent years, a clear trend has emerged towards the use of integrated
approaches that combine the computational prediction methods with the
experimental studies [1,2]. The application of in silico tools makes it possible to
assess drug-likeness, potential biological activity, and toxicological risks of new
molecules at the early stages of the research, whereas subsequent in vitro and in
vivo investigations allow for the characterization of their effects on the growth-
related and regenerative processes in biological systems of different origins.

Such an integrative strategy is regarded as an effective means of identifying
promising low-molecular-weight compounds with a regulatory activity and a
balanced safety profile, thereby underscoring the relevance of the further research
in this field.

2. Experimental part

The IR spectra were recorded on a Nicolet 5700 FT-IR spectrometer, using
thin-films. The *H and **C NMR spectra were obtained on a JEOL JNM-ECA 400
spectrometer in CDCls.

Dimethyl ((3-phenoxyphenyl)((pyridin-2-
ylmethyl)amino)methyl)phosphonate (PMAAPH). A round-bottom flask equipped
with a mechanical stirrer, a Dean—Stark apparatus, and a reflux condenser was
charged with pyridin-2-ylmethanamine (0.02 mol), 3-phenoxybenzaldehyde (0.02
mol), and dimethyl phosphite (0.03 mol) in 150 mL of absolute benzene. The
reaction mixture was refluxed for 48 h. After the completion of the reaction, the
solvent was removed under reduced pressure, and the crude product was purified
by column chromatography on Al.Os using chloroform/acetone (20:1, v/v) as the
eluent. The second fraction was collected to afford PMAAPh as a yellow oil.
R=0.43 (chloroform/acetone (20:1, v/v))

Molecular formula: CxH2sNO4P. Yield: 6.23 g (80%). np*=1,382. IR
(film), v, cm™: 3459 (N-H); 1252 (P=0); 1056 (P-O-C); 1040 (C-O-C); 3020,
1585, 1491,756, 683 (Ph). *H NMR (400 MHz, CDCl;) &: 8.48 (d, J = 5.3 Hz, 1H,
pyridine-H), 7.55 (m, J = 7.0 Hz, 1H, pyridine-H), 7.27 (q, J = 7.3 Hz, 3H, Ar-
H), 7.16 (d, J = 7.0 Hz, 2H, Ar—H), 7.09 (d, J = 5.4 Hz, 2H, Ar—H), 7.04 (q, J =
6.8 Hz, 1H, pyridine—H), 6.93 (dt, J = 24.3, 6.8 Hz, 3H, Ar—H, pyridine-H), 3.85
(dd, J = 14.3, 5.6 Hz, 1H, CH-P), 3.73-3.62 (m, 4H, CHs, N-H), 3.58 (dd, J =
10.6, 5.7 Hz, 3H, CHs), 3.14 (s, 2H, CH,). *C NMR (101 MHz, CDCls) §: 158.83
(Cq, pyridine), 157.54 (Cq, Ar-0), 157.11(Cq, Ar-0), 149.39 (CH-N, pyridine),
137.48 (CH, pyridine),136.54 (Cq, Ar), 129.97 (CH, pyridine), 129.83 (2CH, Ar),
123.62 (CH, Ar), 123.56 (CH, Ar), 123.42 (CH, Ar), 123.21 (CH, Ar), 122.44
(CH, Ar), 119.09 (2CH, Ar), 118.52 (CH, Ar), 60.57 (CH-P), 53.70 (CHa),
53.62 (CHs), 52.72 (CHy).

PMAAPh Succinate (PMAAPhA-Suc). PMAAPhH (0.01 mol) and succinic acid
(0.01 mol) were thoroughly ground in a mortar with a small amount of ethanol
until a homogeneous mixture was obtained. The ethanol was evaporated at 50—

16



ISSN 1813-1107, elSSN 2710-1185 MNe 1, 2026

55°C in a drying oven. PMAAPh-Suc was obtained as a yellow powder.
M.p.=176-177°C.

Biological Assays. The procedures for determining the seed germination
energy, laboratory germination, and germination intensity of wheat seeds, as well
as the methodology for evaluating myelostimulating activity, were carried out
according to the previously described protocols [3].

In silico tools [4-6].

3. Results and Discussion

At the initial stage of the study, the target aminophosphonate derivative
dimethyl ((3-phenoxypheny)((pyridin-2-ylmethyl)amino)methyl)phosphonate
(PMAAPH) has been synthesized, using the three-component Kabachnik—Fields
reaction, which is one of the most common and efficient approaches for the
preparation of a-aminophosphonates. The obtained compound has been isolated
in an individual form. To improve the aqueous solubility of PMAAPHh, its
succinate salt (PMAAPhA-Suc) has been subsequently prepared by treating the free
base with a succinic acid.

HO

N 0 z-—\_(o
| 0ol | || 0
/ N / \ ~~ succinic
1—1 H I O Benzene O acid | ||
—
T i O~ \o/
O\ PMAAPh O\
PMAAPhA-Suc

The IR spectrum of PMAAPh exhibits an absorption band corresponding to
the N—H stretching vibrations at 3459 cm™, as well as the characteristic bands of
the dimethoxyphosphoryl fragment, namely the P=O and P—O-CHs stretching
vibrations at 1252 and 1056 cm™, respectively. The presence of the
phenoxyphenyl substituent is confirmed by the aromatic ring bands at 3020, 1585,
1491, and 756 cm™, along with the C—O—C stretching band of the ether linkage at
1040 cm™.

A key diagnostic feature of PMAAPhH formation in the NMR spectra is the
signal of the methine group at the phosphorus-containing center (CH-P). In the
3C NMR spectrum, this signal is observed at & 60.57, while in the *H NMR
spectrum the corresponding CH-P proton resonates at & 3.85. Its chemical shift
and splitting pattern (dd, J = 14.3, 5.6 Hz, 1H) reflect the influence of the adjacent
heteroatoms (P and N), which is typical for a-aminophosphonates. The N-H
proton falls within the signal region of the OCHs groups of the phosphonate
moiety (6 3.73-3.62, m, 4H), so it is not considered as a separate resonance.

The in silico methods are an effective modern tool for the early-stage
biologically active substance evaluation. They enable simultaneous assessment of
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the drug-like properties, predicted biological activity, pharmacokinetic profile,
and potential toxicity of the new compounds, enabling a rational selection of the
most promising structures even before the experimental work.

In our initial study, an in silico analysis has been used for a comprehensive
evaluation of the aminophosphonate (PMAAPh). The first step has been to
evaluate the biological potential (predict the spectrum of the biological activity)
of PMAAPh, using the PASS program (Table 1). The analysis indicates a notable
cardiometabolic and regulatory potential of the compound. The types of activity
with the highest probability of manifestation (Pa>0.5) are: cholesterol antagonism
(Pa=0.605), treatment of restenosis (Pa=0.539), antianginal activity (Pa=0.504),
and potential effectiveness in the treatment of Alzheimer's disease (Pa=0.505).
The predicted inhibitory activity against glutamate-5-semialdehyde
dehydrogenase also reaches high values (Pa=0.531), which demonstrates the
possible effect of the compound on amino acid metabolism and energy
metabolism. The moderate Pa values for the regulation of calcium metabolism
(Pa=0.479), hypolipidemic effect (Pa=0.356) and treatment of atherosclerosis
(Pa=0.410) also demonstrate the potential of the studied aminophosphonate in
terms of cardiovascular and metabolic disorders.

Table 1 — PASS-predictive analysis of the biological activity of PMAAPh

Pa Pi Activity Pa Pi Activity
0.605 |0.019 |Cholesterol antagonist 0.410 |0.035 Atherosclerosis treatment
0.539 |0.005 |Restenosis treatment 0.351 |0.030 Stroke treatment

0.505 |0.012 |Alzheimer's disease treatment 0.346 |0.025 HIV attachment inhibitor
Glutamate-5-semialdehyde Neurodegenerative diseases

0.531 |0.054 0.340 |0.106

dehydrogenase inhibitor treatment
0.473 |0.004 |Antischistosomal 0.332 |0.015 Bone formation stimulant
0.504 |0.041 |Antianginal 0.299 |0.003 Factor Vlla inhibitor
0.479 |0.018 |Calcium regulator 0.356 |0.071 Hypolipemic

The activities predicted at lower Pa values, such as inhibition of HIV
attachment, stimulation of bone formation, and inhibition of factor Vlla (Table 1),
have not been a priority in this study. These areas require the further experimental
verification. Based on the PASS profile, PMAAPh can be classified as a
promising structure, primarily in the context of cardiometabolic regulation and
enzyme inhibition. This justifies the further in vitro and in vivo studies.

Since the PASS algorithms are primarily focused on predicting the biological
activity without considering the pharmacokinetic characteristics of the compound,
an additional computational evaluation has been performed in the next step, using
the SwissADME platform (Table 2). The data in Table 2 indicate that PMAAPhH
has a balanced physicochemical profile that meets the generally accepted
requirements for orally active compounds. The compound is characterized by
moderate lipophilicity (Consensus LogP = 3.03) and a high predicted
gastrointestinal absorption rate. Furthermore, the bioavailability index has an
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acceptable value (0.55). The topological polar surface area (TPSA = 79.49 A?)
indicates a predominantly peripheral pharmacological action. This is consistent
with the lack of penetration across the blood-brain barrier predicted by the
BOILED-EGG model (Figure 1a). Within this model, the white-colored region
corresponds to a high probability of an intestinal absorption. The yellow zone
indicates a potential permeability across the blood-brain barrier. Thus, the
localization of PMAAPhHh within the white region and outside the yellow zone
indicates a favorable absorption profile. This also indicates a predominantly
peripheral pharmacological action.

Table 2 — The key calculated ADME and drug-likeness parameters of PMAAPhH

Parameter Value Extended comment

Molecular 398.39 | MW complies with Lipinski’s rule (below 500 g/mol). MW places the
weight (MW) g/mol | compound within the classical lead-like range (300-450 g/mol).
This value falls within the range of moderate lipophilicity, indicating a
good balance between membrane permeability and water compatibility.
3.03 This means absorption in the gastrointestinal tract without an excessive
hydrophobicity, which could lead to nonspecific binding or increased
toxicity.
The TPSA assay shows that the standard threshold for blood-brain barrier
penetration is exceeded. This indicates a primarily peripheral
pharmacological profile and also explains the lack of a predictable CNS
penetration.
A relatively high number of rotatable bonds reflects an increased
conformational flexibility, which may reduce an oral exposure
consistency and contributes to the lead-likeness violations, but can
enhance an adaptability to diverse biological targets.
The differences between the ESOL/Ali and SILICOS-IT models indicate

Low— |the marginal solubility of PMAAPh in water, which significantly limits
moderate |the ADME profile. Therefore, the formation of PMAAPh-Suc is
necessary.
Despite the limited intrinsic solubility, a high predicted gastrointestinal
Gl absorption High absorption suggests that PMAAPhHh retains sufficient permeability,
consistent with its moderate lipophilicity and BOILED-Egg analysis.
The lack of the BBB permeation reduces the risk of the side effects upon
No the central nervous system, and supports the development of PMAAPh
for peripheral therapeutic applications.
The predicted interaction with P-glycoprotein suggests that efflux
P-gp substrate Yes mechanisms may partially limit a systemic exposure, potentially
contributing to the interindividual variability in pharmacokinetics.
The compliance with multiple drug-likeness filters confirms a generally
Passed |well-balanced physicochemical profile suitable for the further

Consensus
LogP (Po/w)

TPSA 79.49 A2

Rotatable bonds 9

Water solubility

BBB
permeation

Lipinski / Egan

/ Muegge pharmacological development.
. - A moderate bioavailability score indicates a reasonable oral exposure
Bioavailability - . . - A
score 0.55 potential, while leaving room for the improvement through the chemical

or formulation optimization.

The radar diagram (Figure 1b) shows how the compound meets the key drug-
likeness criteria, such as lipophilicity (LIPO), molecular size (SIZE), polarity
(POLAR), solubility (INSOLU), saturation (INSATU), and molecular flexibility
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(FLEX). As the diagram shows, most parameters are within the optimal ranges,
with only flexibility and solubility showing slight deviations. Based thereupon, it
seems justified to obtain succinate salt (PMAAPh-Suc) to improve solubility.

a. WLOGP b.
LiPO

o PMAAPh FLEX SIZE

INSATU POLAR

INSOLU

L]
W o= N s N W s O N

o 20 40 60 80 100 120 140 160 TPSA

Figure 1 — An illustration of the predicted ADME properties and pharmacokinetic profile of PMAAPH
(a— BOILED-EGG diagram, b — radar plot).

To obtain a more comprehensive safety profile, the ADMET analysis has
been supplemented with the computational toxicity prediction, using the ProTox-
3.0 platform (Table 3). Overall, the compound exhibits a generally favorable
predicted toxicology profile.

Specifically, hepatotoxic effects are not predicted (DILI: inactive, probability
0.74), and cardiotoxicity is also not expected (inactive, 0.71). The model also
does not predict neurotoxicity or nephrotoxicity, with the corresponding inactive
probabilities of 0.53 and 0.59. These results support the rationale for considering
this compound early in the evaluation of the drug candidates. ProTox-3.0 does not
predict the carcinogenic, mutagenic, immunotoxic, or general cytotoxic effects
(inactive, probability range 0.57-0.86). Taken together, these results suggest the
absence of the structural features typically associated with a significant toxicity.

However, there are several predicted endpoints: potential respiratory toxicity
(activity, 0.69), ecotoxicity (activity, 0.66), food-related toxicity (activity, 0.60),
and blood-brain barrier-related toxicity (activity, 0.70).

According to ProTox-3.0, the predicted LDso value for PMAAPhH is 200
mg/kg. This places the compound in toxicity class Il (out of six), corresponding
to a moderate acute toxicity.

Overall, the obtained data allow the compound to be considered an
acceptable lead-like candidate in terms of its toxicological profile, with certain
parameters requiring the further experimental validation and optimization. Thus,
the results of the in silico evaluation provided a well-founded basis for the
transition from the computational prediction to the experimental verification of
the biological activity of the compound in vitro and in vivo.
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Table 3 — Toxicological profile of PMAAPh according to ProTox-3.0

LDso (mg/kg) Toxicity class Toxicity endpoints
Endpoint Prediction | Probability
200 "

Carcinogenicity Inactive 0.57
Organ toxicity Immunotoxicity Inactive 0.86
Endpoint Prediction | Probability Mutagenicity Inactive 0.66
Hepatotoxicity Inactive 0.74 Cytotoxicity Inactive 0.70
Neurotoxicity Inactive 0.53 BBB-related toxicity Active 0.70
Nephrotoxicity Inactive 0.59 Ecotoxicity Active 0.66
Cardiotoxicity Inactive 0.71 Clinical toxicity Inactive 0.52
Respiratory toxicity Active 0.69 Nutritional toxicity Active 0.60

Although PASS primarily predicted cardiometabolic and enzymatic activity,
the study sought to expand the scope of the study and evaluate the compound's
effects on plant growth and hematopoiesis as a manifestation of the broader
metabolic potential of aminophosphonates. It should be noted that PASS
algorithms are primarily focused on pharmacological and biomedical effects and
are not intended to predict phytostimulating activity.

Given the previously reported ability of aminophosphonates to influence the
growth-related processes in the biological systems of various origins [7], the next
stage of this study has focused on investigating the plant growth—stimulating
activity of PMAAPhH-Suc. Under the laboratory conditions, the effect of the novel
aminophosphonate, tested at a standard screening concentration of 10° M, on the
germination energy, laboratory germination, and germination intensity of wheat
seeds (cultivar Kazakhstan 10) has been evaluated (Figure 2).

The seed treatment with PMAAPh-Suc has resulted in an increase in
germination up to 100% and an enhancement of the germination energy up to
95.0% compared with the control group. At the same time, the average height of
seedlings has slightly decreased, which may indicate a redistribution of the
growth processes at the early stages of ontogenesis.

Previously, aminophosphonates of this structural series have been shown to
exhibit myelostimulating activity, providing the rationale for further investigation
of the obtained compound [8]. PMAAPHh-Suc has been evaluated for the
myelostimulatory activity (a stimulatory effect influencing the proliferative
activity of erythro-, thrombocyto-, and leukopoiesis) (Table 4).
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Figure 2 — The diagram illustrating the effect of PMAAPhH-Suc on the germination, growth,
and development of wheat seedlings under the laboratory conditions.

Table 4 — The key hematological parameters

Blood parameters | PMAAPh-Suc Control group Placebo group Intact group
WBC, -10%L 7.58+3 .47 6.25+0.85 3.65+0.7 7.74£1.11
RBC, 10%%/L 7.85+1.07 7.42+1.12 5.23%+1.75 7.14+2.17

HGB, g/L 145+16.7 126.5+£2.06 101+10.9 124.5+1.31
PLT, -10%/L 797429 698+17.2 617+14.6 745.0+£15.71
NEU, -10%/L 4.12+1.82 3.18+0.44 1.86+3.26 3.16+0.44

Against the background of pancytopenia induced by the cytostatic agent
cyclophosphamide, an administration of the studied PMAAPh-Suc has been
accompanied by the pronounced leukopoiesis-stimulating activity, exceeding the
effect of the reference drug methyluracil (control group (CG)). The compound
moderately and in a balanced manner has stimulated proliferation in the
erythrocytic, leukocytic, and thrombocytic lineages of hematopoiesis. The
erythrocyte count (RBC) has recovered to (7.85£1.07)-10'%/L, exceeding the
placebo group (PG) and corresponding to the control group (CG). Hemoglobin
concentration (HGB) has been (145+16.7)-g/L, exceeding the CG level
(126.5£2.06)-10°/L. The total leukocyte count (WBC) has reached
(7.58+3.47)-10°/L, which is slightly higher than in the CG (6.25+0.85)-10°/L and
2.07 times higher than in the PG (3.65+0.7)-10°/L. The Garkavi index has
indicated a rapid recovery of hematopoiesis without disturbance of the
lymphocyte-to-granulocyte ratio. The platelet count (PLT) has increased to
(797429)-10°/L, exceeding the PG (617+14.6)-10°/L and CG (698+17.2)-10°/L.
Effective restoration of the granulocyte—agranulocyte balance has been observed:
the absolute neutrophil count (NEU) has been (4.12+1.82)-10°/L, which is 1.29
times higher than in the CG, while the absolute lymphocyte count has reached
(2.98+1.40)-10°/L, exceeding the PG. Thus, PMAAPh-Suc has exhibited
moderate leukopoiesis-, erythropoiesis-, and thrombocytopoiesis-stimulating
activity, reaching the levels comparable to those of the intact animals. The
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observed stimulation of hematopoiesis, a peripheral biological process, is also
consistent with the proposed lack of BBB permeability (SwissADME). Further
research is needed to clarify the underlying mechanisms.

4. Conclusion

A new aminophosphonate, dimethyl ((3-phenoxyphenyl)((pyridin-2-
ylmethyl)amino)methyl)phosphonate (PMAAPh), has been synthesized via the
Kabachnik—Fields reaction, and its structure has been characterized by the IR and
NMR spectroscopy. To improve an aqueous solubility, the succinate form of the
compound (PMAAPh-Suc), has been obtained.

Based on the in silico analysis (PASS, SwissADME, ProTox-3.0), PMAAPhH
has been shown to possess a balanced physicochemical profile, meet the main
criteria of drug-likeness, and exhibit the moderate predicted bioavailability with a
predominantly peripheral activity. The toxicity prediction has indicated a
moderate acute toxicity (LDso = 200 mg/kg, toxicity class 1) in the absence of
the pronounced organ-specific or genotoxic risks. The obtained in silico
predictions, indicating the potential cardiometabolic activity of the compound,
create a reasonable basis for further targeted research in this direction.

The results of the in vitro studies have demonstrated that PMAAPh-Suc
affects the early plant growth processes, manifested by changes in the seed
germination energy and laboratory germination of wheat seeds, indicating its
potential as a regulator of growth processes.

Under the in vivo conditions in an experimental pancytopenia model,
PMAAPhA-Suc has exhibited a moderate and balanced effect on the main
hematopoietic lineages, promoting restoration of the erythro-, leuko-, and
thrombocytopoiesis parameters without a significant disturbance of their ratios.

Overall, the obtained data allow PMAAPh and its succinate form to be
considered as promising lead-like compounds of interest for the further in-depth
studies in the biomedical and agrobiological fields.
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LEAD-LIKE CBOMCTBA HOBOI'O ITUPUJIUHAMUAHOD®OCPOHATA: CHHTE3,
NPEAUKTUBHASI OHEHKA U BUOJIOT'HYECKHUE UCCJIIEJOBAHUSA

AJO.Ten*", /1.T.Cepoanvi®, T.M.Ceiinxanos®, B.K. F0*

Y40 «HMncmumym xumuyeckux nayx um. A.b. Bexmypoeay, Anmamol, Kazaxcman
2Kazaxcmancko-Bpumanckuii mexuuueckuil ynugepcumem, Anmamui, Kazaxcman

3Koxwemayckuii ynueepcumem umenu L1l Yanuxanoea, Koxwemay, Kazaxcman

Pestome. Bseoenue. AmuHO(pOC(OHATHBIE IPOU3BOJHBIE TNPEACTABIAIOT HMHTEPEC KaK  KIAacc

HU3KOMOJICKYJISIPHBIX COGHHHGHHﬁ, CITOCOOHBIX OKa3bIBATH peryiaupyromiee JIEHCTBUE B OMOJIOTMYECKUX
CUCTEMax pammtmoﬁ TIPUPOMBI. Coueranue NPEAUKTUBHBIX U OKCIICPUMCHTAJIBHBIX ITOAXO0A0B MO3BOJIACT
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MOJIy4YUTh KOMIUIGKCHYIO XapaKTepPUCTHKY HX OHOJIOTMYECKOro MOTEHIMada Ha PpaHHUX O3Tamax
uccnenosanus. Llenblo HacTosme paboThl SABISIICS CHHTE3 HOBOIO aMHHO(MOC(HOHATHOTO MPOU3BOAHOIO,
IOJly4eHHE €ro  BOAOpacTBOPUMOH  (opMBI U  IpOBEIEHHE  KOMIUIGKCHOH  IPEIUKTUBHO-
IKCIEPUMEHTAIBHOMN OIICHKH OHOIOTHYECKOiT aKTUBHOCTH. Cuntes dimethyl ((3-
phenoxyphenyl)((pyridin-2-ylmethyl)amino)methyl)phosphonate (PMAAPh) ocymiecTsisiin 1o peakiuu
Kabaynuka—®unzca; 171 HOBBIICHHUS PACTBOPUMOCTHU IOJTy4eHa ero cykuuHatHas ¢opma (PMAAPhH-
Suc). Ctpykrypy coenuneHHl noarsepsknann Meronamu SIMP- u MK-cnekrpockonuu. In silico-ananms
BKJIIOYA] OIEHKY OHOJIOTMYECKOH aKTHBHOCTH, (papMAaKOKHHETHYCCKHX M TOKCHKOJIOIMYECKHX
[apaMeTpoB. DKCHePUMEHMANbHble UCCIe008aH s TIPOBOAMIM HA PACTUTENIBHBIX MOJEAX U B YCIOBUAX
9KCHEPUMEHTANIBHOM MaHIMTONCHUK iN Vivo. YcraHosieHo, yTo PMAAPHh cooTBeTCTBYyeT KpHUTEpHsIM
nekapcTBeHHOMonoOuss u  otHocutess kLI kmaccy Ttokcmunoctn. PMAAPh-Suc  mposiBisier
peryaupyoniee BIMSHAE HAa POCT DAcTeHUWH M TIOKa3aTend KpoBeTBopeHHs. IlomydeHHBIE naHHBIE
MO3BOJISIOT PAcCMATPUBATh COCIMHEHHE KAaK IEPCIEKTUBHbIA OOBEKT ISl AaJbHEHIIMX HCCIeN0BaHUN
OUOIOrMYeCKH aKTUBHBIX COCAUHEHUI.

KiaroueBbie cioBa: 2-(aMHHOMETHIT ) TUPHIHH, amuHO(pochoHar, in silico aHaNu3,
MHEJIOCTUMYJIMPYIONIas aKTHBHOCTh, CTAMYJIMPYIOIIAst POCT PACTEHUI aKTHBHOCTS.

Ten Acens IOpvesna Kanouoam xumuueckux nayx, accoyuuposannulii npogeccop

Cepoanvt /lana Mazucmp xumuu

Ceiinxanos Tynezen Mypamosuu  Kanouoam xumuueckux nayx, npogeccop

1O Banenmuna Jlokmop xumuueckux Hayk, npogeccop
Koncmanmunosna

KAHA MUPUTUHAMUHO®OCPOHATTDIH LEAD-LIKE KACUETTEPI: CUHTE3,
HNPEJUKTUBTIK BAFAJIAY )KOHE BUOJIOT'UAJIBIK 3EPTTEYJIEP

AJO.Ten*", /1.T.Cepoanvi’, T.M.Ceiinxanos®, B.K. FO*

L «B.B. Bexmypos amvindagst Xumus euinsimoapul uncmumymoly AK, Anmamol, Kazaxcman
2Kasax-bpuman mexuuxanvix ynusepcumemi, Anmamol, Kazaxcman
311 Yonuxanos amvinoaser Koxwemay ynusepcumemi, Koxwemay, Kasaxcman

Tyiiinaeme. Kipicne. AMUHODOCHOHAT TYBIHABLIAPHI OPTYPIl TaOUFATTaFrbl OMOJOTHSUIBIK JKYienepe
perreymi ocep KepceTyre KaOUIeTTI TOMEH MOJISKYJalbl KOCBUIBICTAp KJIAchl PETiHAE YJIKEH
KbBI3BIFYIIBUIBIK TYABIPaAbl. [IpeIUKTHBTIK KOHE SKCIEPHUMEHTTIK TOCUIAEP/l YIITACTBIpA KOJIAHY
3epTTeyAiH OacTankbl Ke3eHICpiHIC OJapiblH OMONOTHSIIBIK JJIEyeTiHe KEIIeH[I cumarrama Oepyre
MYMKiHIIK Oepemi. Ocbl ocymbicmbly makcamol xaHa aMUHO(POCHOHAT TYBIHIBICHIH CHHTE3JIEY, OHBIH
cyla JKaKChl EpUTIH TYpIH Iy >KoHE OWONOTHSUIBIK OCJICEHAUNIH KeMeHII IPeIUKTUBTIK-
IKCIIEPUMEHTTIK Oaranay GOJIIBL. Dimethyl ((3-phenoxyphenyl)((pyridin-2-
ylmethyl)amino)methyl)phosphonate (PMAAPh) Ka6aunnk—®uiac peakiuschl OOMBIHIIA CHHTE3IENI;
epirilTiriH apTTHIPY MakcaThIHAA OHBIH CyKUMHATTHIK Typi (PMAAPH-Suc) ansiaael. KochuibicTapabiH
kypsutbiMel SIMP xoHe MK-cniekrpockornust omicrepiMen morengenni. In silico Tamnay GHOIOTHSIIBIK
OenceHaTiKTI, (apMaKOKMHETHKAIBIK JKOHE TOKCHKOJIOTHSUIBIK TapaMeTpliepdi Oaranayibl KaMThIIbI.
Dkcnepumenmmik 3epmmeyiep OCIMIIK MOJIEJbAEPIHAE oHE IN VIVO sKaFmalblHIa SKCIEPHUMEHTTIK
MAHUUTOIGHUST  MojenmiHAe okyprisinmi. 3eprrey Hotwkecinme PMAAPh  mopire  ykcacThik
KpHUTepHiliepiHe cafikec KeneTiHi xoHe ysITThUIBIKTHIH |11 KiachiHa sxaraTeiasl ausikrangsl. PMAAPH-
SuC eciMIIKTEpaiH ecy MpOIECTEepiHe KOHE KaH TY3y KOpCETKIIITepiHe peTTeyili acep KepCeTeTiHi
Oalikanapl. AJIBIHFAH JIEpeKTep OYJI KOCBUIBICTHI OMOJIOTHSIIBIK OCJICEHII 3aTTapibl opi Kapail 3eprrey
YILIiH IepCIeKTHBAIIBI HBICAH PETiH/AE KapacThIpyFa MyMKIHIIK Oepei.

Tyiiin cesmep: 2-(amuHOMeTHN)MPUANH, amuHOBOChOHAT, IN SiliCO aHamM3i, MUETOBIHTATIAHIBIPFBIIL
OesceHIiTiK, OCIMIIKTEP/IiH OCYIH BIHTATaHABIPYIIEl OEJICEHILTIK
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Ten Acenv FOpvesna Xumus 2o1161MOapbIHbIY KAHOUOAYL,
KayblMOAcmulpblizan npogheccop
Cepoanwt /lana Xumus 2bLibimMOapbiHblly Mazucmpi
Ceiinxanoe Tonezen Mypamynoi Xumus 2bLibimoapsinbly KaHoudamst, npogeccop
1O Banenmuna Koncmanmunoena Jlokmop xumuueckux Hayk, npogeccop
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HYDROMETALLURGICAL PROCESSING OF BRONZE PRODUCTION
WASTE WITH SELECTIVE EXTRACTION OF COPPER AND ZINC
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Abstract: This article presents a study on the selective extraction of copper and zinc compounds
from metallurgical bronze production slags using a hydrometallurgical approach. The relevance of the
work is associated with the depletion of mineral resources and the increasing environmental burden of
bronze production slags. The aim of the study was to evaluate efficient and environmentally friendly
methods for recovering copper and zinc from these slags. Leaching experiments were conducted using
nitric acid, ammonia solutions, and sulfuric acid, and their efficiencies were compared. The chemical and
phase compositions of the slags were determined using inductively coupled plasma optical emission
spectrometry, infrared spectroscopy, and X-ray phase analysis. The “hot leaching” method with 25%
sulfuric acid at 80°C was applied for the selective separation of copper and zinc. The results demonstrated
that sulfuric acid provides the most economical and environmentally effective separation. The process
yielded tin precipitate, high-purity metallic copper via chemical and electrochemical methods, and zinc-
rich solid residues. The proposed technological scheme reduces metal consumption, enhances the
recyclability of bronze slags, and offers a practical, resource-saving approach to processing metallurgical
waste.

Key words: bronze production slag, hydrometallurgical processing, sulfuric acid leaching,
electrodeposition of metals, resource-saving technology.
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1. Introduction

The rapid development of technology has significantly expanded the
applications of non-ferrous, rare, and precious metals, as well as their alloys.
However, the extraction of these metals from ore raw materials presents several
complex challenges. In particular, ore reserves of many metals are limited and
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irreplaceable, the metal content in mineral raw materials is decreasing, large
capital investments are required for developing new deposits, and bronze
production slag from industrial operations poses a negative environmental impact.
These factors collectively hinder the expansion of metal production [1].

Non-ferrous and ferrous metals are present in large quantities in industrial
bronze slag from the mining and metallurgical industries. Due to the lack of
economical and environmentally friendly technologies for processing and
recycling, these secondary raw materials are often stored and accumulated [2].
Comprehensive processing of bronze slag, aiming for maximal extraction of
valuable components, is particularly important when it contains non-ferrous and
rare metals, given the diverse composition of secondary raw materials [3,4]. A
clear classification of secondary bronze slag is necessary to ensure efficient
processing and utilization of metal-containing materials [5].

Bronze slag containing precious metals can be classified according to its
origin: either as slag from the production of a specific product or as slag formed
during a particular process. Non-ferrous metals in the original raw materials may
be present in metallic form, as simple or complex oxides, or in various salts,
among which sulfates, chlorides, chalcogenides, and arsenides are most common,
with sulfides being particularly representative [6-9]. Typical raw materials with
metals in elemental form include ores containing native metals (gold, silver,
platinum group metals, and less commonly copper), secondary raw materials, and
semi-finished products such as cementation precipitates and cinders after reducing
roasting [10-13].

The chemical properties of electronegative metals (e.g., zinc, cadmium,
aluminum) determine their high solubility in acidic and alkaline solutions:

Me + nH'—Me™ + “H,
Me + 2nOH™ — MeOy, + %Hz

Aeration is used to prevent the accumulation of explosive hydrogen
concentrations. Electropositive metals dissolve only in the presence of both a
solvent and an oxidizing agent. When the solvent has complexing or acidic
properties and exhibits oxidizing activity (or when a mixture is used), the leaching
process is significantly accelerated:

Cu + 2H" + 0.50, — Cu*" + H;,0
Ni + nNH;z + 0.50; + H,0 — [Ni(NH3),]*" + nOH™

Certain metals (e.g., nickel, cobalt) are prone to passivation in air due to the
formation of oxide films; therefore, leaching efficiency is higher for freshly
reduced cinders [14,15]. The dissolution rates of alloys decrease in the presence
of components that form insoluble films. The most rational method to prepare
metallized raw materials for leaching is melting and spraying the melt, which
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removes non-metallic inclusions and ensures homogeneity in chemical and phase
composition, as well as a developed surface area [16].

In this study, the object of investigation was bronze slag obtained after
smelting operations at a machine-building enterprise. The material represents a
heterogeneous metallurgical residue consisting of oxidized phases and residual
metallic inclusions. Throughout the manuscript, the term “slag” refers exclusively
to this material.

Bronze slag was obtained from [Company/Plant]. Chemical reagents
included sulfuric acid (H.SO4, 98%), hydrogen peroxide (H:0:, 30%), and
deionized water. Copper cathodes (99.9%) and lead or chrome-plated steel anodes
were used for electrolysis.

2. Experimental part

The main alloying element in bronze is tin, while in brass it is zinc; however,
both alloys are copper-based. Depending on their composition, bronzes may be
tin-containing or tin-free, whereas brasses may be binary or multicomponent
alloys. Copper-tin bronzes can be produced by various methods, including
smelting, co-smelting, and cementation.

Due to the depletion of high-grade mineral resources, complex and low-
grade ores, as well as their processing products (slags, cakes, dusts, and
sublimates), are increasingly involved in metallurgical production. In the present
study, slag obtained from bronze smelting at a machine-building enterprise was
used as the raw material.

To determine the chemical composition, the initial samples were crushed and
divided into two fractions: crushed material (sample 1a) and uncrushed metallic
phase (sample 1b). Photographs of the samples are shown in Figure 1.

Figure 1 — Bronze slag samples: 1a — abraded and 1b — non-abraded (metal phase).

The compositional differences between the crushed (1a) and uncrushed (1b)
fractions confirm the heterogeneous distribution of metallic phases in the slag.
Therefore, preliminary particle-size classification and controlled grinding are
important steps in the processing scheme. Finer fractions enriched in copper are
more suitable for oxidative sulfuric acid leaching, while coarser fractions
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containing zinc-rich phases may require additional grinding or thermal treatment
to improve metal accessibility.

The chemical and phase compositions of the slag were determined using
inductively coupled plasma optical emission spectrometry (ICP-OES), infrared
spectroscopy, and X-ray phase analysis (XRD).

Based on the analytical results, a technological scheme for the extraction of
copper and zinc was developed (Figure 2).
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Figure 2 — Hot leaching flow chart for bronze bronze production slag: 1 — classifier,
2 — calcination furnace, 3 — leaching reactor, 4 —filter, 5 — electrolyte collector, 6 — cake collector,
7 — leaching reactor, 8 — filter, 9 — rinse tank, 10 — dryer, 11 — circulation pump.

The process for extracting copper and zinc from bronze slag included the
following stages:

Classification of slag to a particle size not exceeding 0.315 mm.

Calcination at 600°C for 8 hours to remove organic impurities.

Leaching in a reactor with 18-25% sulfuric acid at 80°C for 1 hour under
constant stirring (400 rpm). After 20 minutes, 9-15% hydrogen peroxide was
added as an oxidizing agent. Hydrogen peroxide oxidizes Fe** to Fe**:

2Fe*™ + H.0: + 2H" — 2Fe*" + 2H.0

Under strongly acidic conditions (25% H.SO.), Fe** remains soluble;
therefore, hydrogen peroxide primarily promotes oxidative dissolution of copper
rather than iron precipitation.

After leaching, the suspension was allowed to settle for 20-30 minutes at
80°C. Metallic copper formed via cementation was separated by hot filtration.

The primary filter cake was retained, while the filtrate was allowed to cool
for 30—40 minutes, resulting in tin precipitation. The tin precipitate was filtered,
washed with water, and dried at 80°C.
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The primary cake was returned to the reactor for secondary leaching with
fresh 18-25% sulfuric acid. The deep blue coloration of the solution indicated
further copper dissolution. After refiltration, the secondary filtrate was collected
for electrolyte preparation.

The concentrations of free acid, copper sulfate, and zinc sulfate were
monitored and adjusted prior to electrolysis. Wash waters were recycled back to
the leaching stage.

The electrolyte was prepared from the filtrate containing copper and zinc
sulfates in 18-25% H»SO. and adjusted to 80 g/L Cu?* and 20 g/L Zn*".

Electrolysis was performed at a current density of 5 A/dm? using a copper
cathode and a lead or chrome-plated steel anode for 1 hour at room temperature.

Selective copper deposition occurred due to the difference in standard
reduction potentials:

E° (Cu**/Cu) = +0.34 V
E° (Zn*/Zn) = —0.76 V

Under these conditions, copper was deposited on the cathode, while zinc
remained in solution. The cathode deposit contained 98.5% Cu with minor Zn and
Sn impurities (<1%), confirming high copper purity. If higher copper purity is
required, additional purification steps may be applied. These include electrolyte
purification using solvent extraction or ion-exchange methods to remove trace
metal ions, as well as secondary electrorefining under optimized electrochemical
conditions. Such approaches are widely used in hydrometallurgical processing
and can increase the purity of cathode copper to industrial standards.

The zinc-rich solution may be further processed for zinc recovery.

All leaching experiments were performed in triplicate. Extraction efficiencies
are presented as mean values + standard deviation. The analytical error of the
ICP-OES method was +0.5%, confirming reproducibility and reliability of the
results.

3. Results and discussion

The chemical composition of the combined bronze slag sample showed the
following contents (wt.%): TiO2 — 0.07; MnO - 0.46; Na.O — 0.53; K.O - 0.14;
SiO: — 2.66; MgO — 0.93; CaO — 4.40; Fe.0s — 1.94; Al.Os — 2.82; P.Os — <0.1;
Zn —28.49; Ni — 0.38; Cu — 55.69; Cr —0.087; W — 0.006.

The results indicate the predominance of copper and zinc as the principal
metallic components, while other oxides and alloying elements are present in
minor quantities.

Solutions obtained after microwave digestion of crushed (1a) and uncrushed
(1b) samples in a mixture of hydrochloric and nitric acids were analyzed by ICP-
OES. Chemical analysis showed that in sample 1a, zinc (Zn) was 17.08%, nickel
(Ni) 0.37%, copper (Cu) 72.97%, chromium (Cr) 0.036%, and tungsten (W)
0.007%. In sample 1b, zinc was 25.63%, nickel 0.26%, copper 41.57%,
chromium 0.027%, and tungsten 0.005%. These results indicate that sample 1b
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contains a higher zinc content and a lower copper content, reflecting the
heterogeneity of the slag and uneven distribution of its phases.

Sample 1b contains significantly more zinc and less copper than sample 1a,
indicating heterogeneity of the slag and uneven phase distribution.

X-ray diffraction suggested the possible presence of minor phases containing
Ge, Se, and Co. However, chemical analysis showed that these elements were
either below the detection limit or present only in trace amounts.

Therefore, identification of phases such as CusGe and Co- or Se-containing
compounds should be considered tentative. Their appearance in the diffractogram
may be explained by:

e trace micro-impurities,

o overlapping diffraction peaks,

e limitations of automatic database matching (PDF/ICDD).

Phase identification was refined by prioritizing phases consistent with the
bulk Cu—Zn-Sn composition. Minor phases were interpreted cautiously.

Component composition of bronze samples:

¢ Without calcination: Cu 54%, Zn 34%, Sn 5%, Pb 6%;

e Calcined 1 h: Cu 31%, Zn 56%, Sn 1.5%, Pb 4%;

e Calcined 8 h: Cu 26%, Zn 62%, Sn 1.3%, Pb 4%.

Prolonged calcination leads to redistribution of metallic components and
relative zinc enrichment.

Sulfuric acid was selected as the leaching agent because it forms soluble
sulfates of copper and zinc, while avoiding formation of poorly soluble by-
products.

Since bronze is an alloy, dissolution must be considered as independent
reactions of its components.

Zinc dissolves readily:

Zn + H.SOs — ZnS0. + HzT

Tin may react as:
Sn + H.SO4 — SnSOs + Ha?t

Copper does not dissolve in non-oxidizing sulfuric acid. In the presence of
hydrogen peroxide:
Cu + H20:2 + H.SO4 — CuSOs4 + 2H-0

Thus, zinc dissolves through a direct acid attack, reacting readily with
sulfuric acid to form soluble zinc sulfate and release hydrogen gas. In contrast,
copper dissolves via an oxidative mechanism, requiring the presence of an
oxidizing agent such as hydrogen peroxide, which enables the formation of
soluble copper sulfate.

If Cu?* forms, cementation may occur:

Cu** +Zn — Cu| + Zn**
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Therefore, metallic copper powder observed during leaching is attributed to
cementation rather than direct acid dissolution.

Leaching was performed at 80°C in 25% H.SO. under constant stirring.

Figure 3 shows the solid products obtained.

Figure 3 — Precipitates formed during leaching of bronze slag with sulfuric acid:
1 —tin powder formed after leaching bronze with sulfuric acid and hydrogen peroxide;
2 —metallic copper obtained after leaching bronze slag with sulfuric acid without hydrogen peroxide.

Metallic copper formed as a brown powder with minor zinc inclusions, as
confirmed by XRD.

The study demonstrates that copper and zinc are the dominant components of
bronze slag, while the particle size and thermal treatment of the material
significantly influence the distribution of its phases. Oxidative leaching with
sulfuric acid allows for the selective dissolution of copper, and the formation of
metallic copper can be explained by the cementation process. Overall, the hot
leaching method provides an effective and practical approach for obtaining high-
purity copper, tin precipitates, and zinc-rich residues.

These findings establish a direct relationship between compositional analysis
and the development of a resource-saving hydrometallurgical process for bronze
slag recycling.

4. Conclusion

The results of this study showed that bronze slag primarily consists of copper
(Cu) and zinc (Zn), with other impurities present in minor amounts. The
multicomponent structure of the slag significantly influences the leaching rate, as
different metals respond differently to chemical treatment. When ammonium
hydroxide and nitric acid were tested as leaching agents, several limitations were
observed. In ammoniacal systems, copper dissolution occurs through the
formation of ammine complexes, which requires strict control of pH and
ammonia concentration. In addition, ammonia volatilization may lead to
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atmospheric emissions and requires additional gas-capture systems. Nitric acid,
although effective as an oxidizing agent, produces nitrogen oxide gases (NOX)
during the leaching process, which require catalytic gas-treatment systems and
increase operational costs. In contrast, sulfuric acid proved to be a much more
efficient reagent, enabling selective extraction of copper and zinc while
minimizing the formation of by-products.

To evaluate the efficiency of metal recovery, a material balance was
established for copper, zinc, and tin. The results indicated that 81% of the total
copper in the slag was recovered as a chemical precipitate, 70% of zinc remained
in the solid residue after leaching, 59% of tin was obtained as a precipitate, and
electrochemically deposited copper reached a purity of 98.5%. A total material
balance accounting for all phases, including losses, chemical precipitates,
electrochemical products, and residues, confirmed the transparency and
effectiveness of the selective separation process. Furthermore, the washing
solution from filtration can be reused to prepare fresh sulfuric acid, enhancing the
sustainability of the process. Overall, these findings demonstrate that the
proposed hot leaching method allows for the effective, resource-saving, and
environmentally safe recovery of copper and zinc from metallurgical bronze
production slag.
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KOJIA OHAIPICIHIH KAJIABIKTAPBIHAH MbIPBIII KOCBIJIBICTAPBIH
BOJIII AJIY bl 3BEPTTEY

C.T. Epmyxanosa®’, /.C. Hazapoea', @.JK. Axmemosa', M.JK. Amanzenouee?, Ill. E. Amyosa*

L )Kaneip xan amvinoaser Bamvic Kazaxcman azpapnoix-mexuuxansix yuusepcumemi, Opan, Kazaxcmar
2 «Bamvic Kazakcman mawuna scacay komnanuscoly AK, Opan, Kazaxcman

Tyiiingeme. by Makana Koila MeH xke3Jii eHAIpy Ke3iHae maifga 00nFaH MEeTaJLTyprUsIIbIK KalJbIKTapIaH
MBIPBIII TI€H MBIC KOCBUIBICTAPBIH THAPOMETAILTYPTHSIIBIK OMICTICH CEJIEKTUBTI 06Ty TEeXHOJOTHSCHIH
3epTTeyre apHajFaH. 3epTTey/IiH ©3CKTiLIIr MUHEPAJIbl IUKI3aTThIH a3al0bIMEH KOHE METAJUTYPTHSIBIK
KaJIABIKTAp/IBIH KOpLIAFaH OpTara THII3eTIH OJKOJOTHSIIBIK JKYKTEMECIHIH apTybIMEeH OaifaHBICTBI.
JKYMBICTBIH MakcaThl - KOJIa MEH )Ke3 NUIAKTapblH ©HIEY Ke3iHIe MBIC HMEeH MBIPBINTH THIMII JXKOHE
9KOJIOTHSUIBIK Ta3a KOJIMEH aly MYMKIHIITIH aHbIKTay. 3epTTey OapbIChIHIA a30T KBIIIKBUIBI, aMMHAK
epiTiHAIep] KOHE KYKIPT KbIIIKbUIbI KOJIAHBUIIbL, OJIAP/IbIH MaiiMaray THIMIUTIr cabICThIpMaIbl Typae
Oaramanppl. IlInakTapABIH XUMHSUIBIK KoHE (pa3aiblk KypaMbl MHIYKTHBTI OalJIaHBICKAH ILIa3MajbIK
ONTHKAJIBIK SMHCCHSUIBIK CIHEKTPOMETpHS, HH(PAKBI3bUI CIHEKTPOCKOMHS JKOHE PEHTTeHMIK (a3aibik
Tanaay apKepUlbl aHbIKTanabl. JKaHa omictemenik Tocin peringe 80 °C rtemmeparypama 25% KykipT
KbIIIKbUIBIH KOJIAHATBIH «BICTBIK IHalMayiay» oMiCi KOJIAHBUIBL 3epTTey HOTHXKENepi KyKipT
KBIIIKBUIBIHBIH MBIC IIEH MBIPBITE 0OIyae 3KOHOMHKAIBIK XKOHE SKOJIOTHMSUIBIK TYPFBINAH TUIMAIPEK
eKeHIH KepceTTi. byn mporecc Kamaibl TYHOACBIHBIH, XUMHSJIBIK JKOHE OSJIEKTPOXHMHSIBIK JKOJIMEH
QJIBIHFAaH JKOFAapbl Ta3a METAI MBICHIHBIH JKOHE MBIPBIIIKA 0ail KaTThl KaJJbIKTApAbIH Haiiia 0oybIHA
oKenzi. ¥CHIHBUIFAH TEXHOJOTWSUIBIK CXEMa METAJl LIBIFBIHBIH a3alTajbl, KaJIbIKTapAbl KaifTa eHaey
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MYMKIHZITIH ~ apTThIpajabl JKOHE a3 KaJIBIKThl, pecypcTapibl YHEMJICHTIH MeTaulyprHsuIbIK
TEXHOJIOTHSIIAP/IbI 3ipJiey YIIIiH MPaKTHKAIBIK MaHbI3Fa He.

Tyiiinai ce3aep: MeTaUTyprUsUIbIK KAIABIKTAP, THAPOMETAILTYPTHSUIBIK OMIiC, KYKIPT KBIIKBUIBIMEH
miaiimanay, MeTanaap/bl JJIEKTPOATAY, PECypC YHEMJIEYII TEXHOJIOTHsI.

Epmyxanosa Ceemnana Tac6onamosna aga OKbIMyulbl
Hasapoga /laypus Cazeinobikosna aga OKbIMyulbl
Axmemosa Qupysa JKanmackpizol PhD
Amanzenoues Meiipamoex Kymamypamynot UHOICEHED
Amyoea Illyzvina Enemeckvizol MaA2UCmpanm

HCCJIEJOBAHUE BBIIEJEHUSI COEAMHEHMI IUHKA U3 OTXO0B
MPOU3BO/CTBA BPOH3bI

C.T. Epmyxanosa®’, /I.C. Hazaposa', @.JK. Axmemosa', M.JK. Amanzenouee?, Ill. E. Amyosa*

! 3anaono-Kazaxcmanckuii azpapno-mexuudeckuii yuusepcumem umenu JXanaup xaua,
Vpanvck, Kazaxcman
2 A0 «3anaomo-Kasaxcmanckas MauuHoCmpoumensuas komnanusy, Ypanock, Kazaxcman

Pe3tome. JlanHas cTaThsl MOCBSIIEHA M3YyYEHUIO TEXHOJOIMH CEJIEKTUBHOIO DPA3AENCHUS COSJUMHEHUH
IMHKa U MEAW M3 METAUTypPrHYECKUX OTXOJIOB, 00pa3yIOIIMXCs MPU MPOU3BOJCTBE OPOH3BI U JIATyHU
THJPOMETAJUTyPTHYECKUM ~ METOAOM. AKTyaJbHOCTh  HCCIEJOBAaHMSA CBs3aHA C  HMCTOLICHHEM
MUHEPAIBHOTO CHIPhSI M BO3PACTAIONIEH 3KOJOIMYECKON HArpy3KoW MeTauTyprHuecKux oTxojoB. llems
paboThl — OMpPEAEUTh BO3MOXKHOCTh 3(PPEKTUBHOTO M IKOJOTMYECKH OE30IMacHOr0 MOJYYCHUS MEIH U
LIMHKa NpU TepepadoTKe OpOH30BBIX M JIATYHHBIX MIIaKOB. B Xojie ucciemoBaHUs HMCIONB30BAJIHCh
a30THasi KUCIIOTa, PACTBOPbI aMMHaKa U CepHasi KUCJIOTa, a TAKXKE MPOBOAUIACH CPABHUTEIIbHAS OLICHKA
ux 3((GEKTUBHOCTH BbIIIEIAUMBaHUS. XUMHYECKHI U (Pa30BBI COCTaB IIIAKOB ONPEAENSIICS METOAAMU
ONTHUYECKOH OMHCCHOHHOM CIIEKTPOMETPHM C WHIYKTHBHO CBS3aHHOH IUIa3Moi, WH(QpakpacHOH
CHEKTPOCKOIIMM W PEHTreHO(a30BOro aHanu3a. B  kadecTBe HOBOrO METOAMYECKOTO IOIX0Aa
HCTIOB30BANICSl METOJl «TOPSYETO BBIIICIIAUYMBAHUSI» C HpPUMEHEHHEM 25% CepHOW KHCIOTHI IpU
temneparype 80 °C. PesynbraThl HCClieOBaHHs IIOKa3alM, YTO CepHas KUCIIOTa SBIseTCs Oolee
9KOHOMHUYECKH M KOJIOTMYecKH d(PPEKTUBHOI MpHU pa3/esiecHMH MEAU M IIMHKa. B pesynbraTe mporecca
oOpaszoBajicss OCaJIOK OJIOBA, XHMHUYECKH W 3JCKTPOXUMHYECKH W3BJICUCHHAss BBICOKOYMCTAsS
MeTaJUTHYecKasl Mellb, a Takke TBEepIble OTXOABI, OoraTble HUHKOM. [Ipe/ioxkeHHas TEXHOIOTHYecKas
CXeMa CHIDKAeT pacxo] MeTa/ula, YBEJIMYHMBA€T BO3MOXKHOCTH NEpepabOTKH OTXOHZOB M HMeEET
MPAKTUYECKOE 3HA4YCHHE JUIS Pa3BUTHS MaJOOTXOIHBIX, PECypCOCOEpEerarInx MEeTaLTypPruYecKuxX
TEXHOJIOTHH.

KiroueBbie cioBa: METAJTYPrudeCKrue OTXO0blI, FPIJIpOMeTaJ'[J'[prHLIeCKI/Iﬁ MCTO/, BBIIICIAYNBAHUC
cepHoﬁ KHCHOTOﬁ, DJIEKTPOOCAXKACHNUE METAJIJIOB, pecypcoc6epera}omaﬂ TCXHOJIOTHUA.

Epmyxanoea Céemnana Tacéonamosna cmapwiuil npenodasamels
Hasapoga /laypus Cazeinovikosna cmapuiuii npenooasamens
Axmemosa Qupysa Kanmacoena PhD

Amanzenoues Meiipamoex Kymamypamoeuu uHdHCEHED

Amyoea Illyzvina Enemecoena Mazucmpanm
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Abstract. Introduction. Given their broad range of biological activities and potential for further
structural modification, piperidine derivatives, particularly N-benzylpiperidones, have attracted
considerable attention. Because of their easily accessible starting materials and relatively simple synthesis,
these compounds are particularly attractive because they facilitate the effective design and development of
novel molecules with specific physicochemical and biological characteristics. The objective of this study is
to synthesize a new series of benzylpiperidone derivatives, generate more complex nitrogen-containing
heterocycles through structural modification, and evaluate their plant growth-stimulating activity. Results
and discussion. N-benzylpiperidin-4-one was reacted with 1-(3-methoxypropyl)amine and
paraformaldehyde to vyield 3-benzyl-7-(3-methoxypropyl)-3,7-diazabicyclo[3.3.1]Jnonan-9-one. The
resulting ketone was converted to the corresponding oxime with a 76% yield under oximation conditions.
Subsequent acylation of the oxime with benzoyl chloride produced O-benzoyloxime in 65% vyield. At a
concentration of 0.001%, the complex (KhZR-107) was evaluated for its impact on the germination,
growth, and development of soybean (variety Zhansaya) and wheat (variety Kazakhstan-10) seedlings.
Conclusion. Treatment with KhZR-107 improved wheat performance, raising germination from 90% to
100%, increasing germination energy from 82.5% to 95%, and promoting taller seedlings, all without
compromising seed sanitary quality. In soybean, germination rates remained unchanged, but the seedlings
appeared slightly more uniform, suggesting subtle benefits in early development.
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1. Introduction

Heterocyclic compounds, particularly nitrogen-containing systems, are
widely distributed in natural products and pharmaceutical agents [1]. Owing to
their pronounced physiological properties and key roles in biological processes,
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nitrogen heterocycles occupy a central position in medicinal and agrochemical
research [2]. Among them, piperidine-containing compounds represent one of the
most important structural motifs in modern drug design. The high prevalence of
the piperidine ring in approved drugs is attributed to its synthetic accessibility,
conformational adaptability, and favorable pharmacokinetic characteristics [3,4].

Sustained interest in piperidine derivatives is largely associated with the
availability of diverse starting materials and well-developed synthetic
methodologies, which enable systematic structural modification. In particular, the
introduction of benzyl substituents allows fine tuning of lipophilicity, steric
environment, and intermolecular interactions, parameters that directly influence
biological activity and target affinity [5,6].

At the same time, analysis of the available literature indicates that most
investigations of N-benzylpiperidone derivatives have been primarily focused on
medicinal applications or on the development of synthetic approaches. Reports
addressing their potential agrobiological activity remain limited and fragmented.
In particular, systematic studies correlating structural modifications of the
benzylpiperidone scaffold with growth-regulating effects in plants are scarce.
Furthermore, the transformation of N-benzylpiperidones into more structurally
complex nitrogen-containing heterocycles and the evaluation of their growth-
stimulating properties have not been comprehensively explored [7-9].

Plant growth regulators are an essential component of modern crop
production technologies [10]. Even when applied in small doses, they influence
plant metabolism, significantly affecting growth, development, and yield, and are
regarded as environmentally friendly and cost-effective tools for enhancing crop
productivity and realizing the biological potential of plants. Therefore, studying
the effects of next-generation growth regulators on the yield and grain quality of
spring wheat under specific soil and climatic conditions remains highly relevant
[11-13]. However, despite the established pharmacological relevance of this class
of compounds, significant gaps persist in understanding their structure—activity
relationships in the context of plant growth regulation.

Although N-(4-substituted benzyl, phenyl, and imidazolyl)piperidones have
shown moderate plant growth-stimulating activity [14,15], the combination of a
3-methoxypropyl group with N-(4-substituted benzyl)piperidone has not been
investigated. Here, we report a series of novel 3-benzyl-7-(3-methoxypropyl)-3,7-
diazabicyclo[3.3.1]nonan-9-one derivatives, whose structures were confirmed by
NMR, IR spectroscopy, and elemental analysis. Preliminary biological evaluation
demonstrates that the O-benzoyloxime derivative significantly improves wheat
performance, increasing germination from 90% to 100%, raising germination
energy from 82.5% to 95%, and promoting taller seedlings.

2. Experimental part

Chemical Part

Reaction progress was monitored by thin-layer chromatography employing
aluminum oxide with second-degree activity. Infrared spectra were recorded on a
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Nicolet 5700 FT-IR spectrometer. *H and *C NMR spectra were recorded on a
JEOL JNM-ECA 400 spectrometer at frequencies of 399.78 and 100.53 MHz,
respectively, using CDCls as the solvent. Syntheses sensitive to oxygen or
moisture were conducted under an inert gas atmosphere with dry solvents.

The synthesis of 3-benzyl-7-(3-methoxypropyl)-3,7-
diazabicyclo[3.3.1]Jnonan-9-one and its derivatives followed procedures
previously described [16].

3-Benzyl-7-(3-methoxypropyl)-3,7-diazabicyclo[3.3.1]nonan-9-one (2).
Yellow oil; 82%. Anal. calcd. for C1sH26N202: C 71.49; H 8.67; N 9.26; Found: C
71.20; H 8.73. IR (KBr) (vmax/ cm™): 1735 (C=0), 1118 (C-O-C). *H NMR (400
MHz, CDCls), 6, ppm (J, Hz): 1.66, 2.33 (H-3,7); 1.65, 1.68, 1.71, 2.40 (H-
2,4,6,8); 2.44 (H-10); 2.52 (H-11); 2.74 (H-12); 2.75 (H-13); 2.78 (H-15); 3.49
(H-16); 7.20-7.30 (H-18,19,20,21,22). *C NMR (101 MHz, CDCly), §, ppm (J,
Hz): 57.23 (C-3,7); 54.34, 61.11 (C-2,4,6,8); 214.5 (C-9); 52.98 (C-11); 27.67 (C-
12); 70.9 (C-13); 58.5 (C-15); 62.09 (C-16); 137.5 (C-17); 129.59 (C-18, 22);
128.48 (C-19,21); 127.03 (C-20).

Oxime of 3-benzyl-7-(3-methoxypropyl)-3,7-diazabicyclo[3.3.1]nonan-9-one
(3). Yellow oil; 76%. Anal. calcd. for CisH27N3O2: C 68.11; H 8.57; N 13.24;
Found: C 68.06; H 8.43. IR (KBr) (vma/ cm™): 3222 (OH), 1671 (C=N). '"H NMR
(400 MHz, CDClg), 8, ppm (J, Hz): 1.71, 1.71 (H-3,7); 2.26, 2.82, 2.186 (H-
2,4,6,8); 6.93 (H-11); 2.75 (H-12); 1.73 (H-13); 3.42 (H-14); 3.32 (H-16); 7.12-
7.49 (H-19, 20, 21, 22, 23). **C NMR (101 MHz, CDCl3), 8, ppm (J, Hz): 30.23
(C-3); 36.84 (C-7); 56.67, 57.16 (C-2,8); 58.06, 58.42 (C-4,6); 161.52 (C-9),
27.18 (C-13); 54.37 (C-12); 58.74 (C-16); 71.21 (C-14); 61.69 (C-17); 138.51 (C-
18); 128.99 (C-19,23);127.09 (C-21); 128.42 (C-20,22).

O-Benzoyloxime of 3-benzyl-7-(3-methoxypropyl)-3,7-
diazabicyclo[3.3.1]nonan-9-one (4). Yellow oil; 65%. Anal. calcd. for
C2sHa1Ns0s: 71.23; H 7.41; N 9.97; Found: C 71.42; H 7.21. IR (KBr) (Vmad/ cm’
1): 1742 (C=0), 1637 (C=N).'H NMR (400 MHz, CDCl3), 8, ppm (J, Hz): 2.8 (H-
3,7); 2.3 (H-2,4,6,8); 3.5 (H-14); 7.1-7.4 (H-16, 17, 18, 19, 20); 2.5 (H-21); 1.7
(H-22); 3.4 (H-23); 3.3 (H-25); 7.6-8.0 (H-27, 28, 29, 30, 31). *C NMR (101
MHz, CDCls), 3, ppm (J, Hz): 38.09 (C-3); 41.09 (C-7); 60.57 (C-2,8); 59.43 (C-
4,6); 168.99 (C-9); 158.91 (C-12); 62.04 (C-14); 138.86 (C-15); 127.03-132.12
(C-16,20,27,28,30,31); 27.67 (C-22); 70.49 (C-23); 58.5 (C-25); 133.35 (C-26).

Inclusion complex of O-benzoyloxime with g-cyclodextrin (CD) (5). Wight
power decomposed in 200 °C. Anal. calcd. for CeoHgsN2Os7: C 51.17; H 6.49; N
2.70; Found: C 51.05; H 6.24.'H NMR (400 MHz, CDCl3), §, ppm (J, Hz): 0.98,
1.05 (H-3,7); 0.96, 1.00, 1.04, 1.83 (H-2,4,6,8); 3.26 (H-14); 3.30-3.44 (H-
16,17,18,19,20); 3.45 (H-21); 3.46 (H-22); 3.6 (H-23); 4.84 (H-25); 7.2-7.27 (H-
27,28,29,30,31); 7.29-7.89 (H-32,33,34,35,36,37,38).

Biological part

Model samples of wheat and soybean were used to evaluate the effects of
stimulants, with the commercial preparation Baikal EM-1 serving as a reference.
Water served as the medium for seed germination. For the germination test, four
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replicates of 100 seeds each were selected from the main seed lot (combined
sample). In this study, 10 seeds were sown in each of four replicates,
corresponding to 100% seeding. Germination energy was assessed on day 3, and
germination rate on day 7. For germination energy (after 3 days for wheat and
soybean), normally germinated seeds were counted and removed, as were rotten
seeds. Ungerminated and abnormally germinated seeds remained for further
observation. For germination rate (after 7 days for wheat and soybean), all seeds
were classified as normally germinated, abnormally germinated, swollen, hard
(for legumes), or rotten, and the number of seeds in each group was recorded. The
germination percentage was calculated for each sample, and the reliability of the
results was verified. Both germination percentage and germination energy were
determined. Spring wheat variety “Kazakhstan-10” and soybean variety
“Zhansaya” from the collection of the Institute of Plant Biology and
Biotechnology were treated during seed germination, seedling growth, and
development for 24 hours according to standard protocols. Laboratory
experiments were performed to assess the effects of stimulants on germination
energy, germination rate, and germination intensity of wheat and soybean seeds.

The complex was evaluated at a concentration of 0.001% for its effects on
germination, growth, and early development of wheat (variety “Kazakhstan-10")
and soybean (variety ‘“Zhansaya”) seedlings under controlled laboratory
conditions. A 0.001% solution of Baikal EM-1 served as a comparative reference.
All experiments were conducted in triplicate, with at least 100 seeds per replicate.

Methodology

Seed germination and growth measurements

Seeds were sterilized in 1% sodium hypochlorite for 5 min, rinsed three
times with distilled water, and placed on moistened filter paper in Petri dishes.
Germination was monitored daily, and germination energy (percentage of seeds
germinated within 3 days) and final germination (%) were calculated. Seedling
height was measured at 7 days post-germination using a digital calliper, recording
mean = SD for each replicate.

Microbial contamination assessment

Microflora presence was recorded qualitatively: “-” none, “+” low, “++”
moderate, “+++ high contamination.

Statistical analysis

Data are expressed as mean =+ standard deviation (SD). Differences between
control and treated groups were assessed using one-way ANOVA, followed by
Tukey’s post hoc test. Differences were considered statistically significant at p <
0.05. Graphical representation includes error bars (SD) and asterisks for
statistically significant differences.

3. Results and discussion

Cyclization of 1-benzylpiperidin-4-one (1) with 1-(3-methoxypropyl)amine
and paraformaldehyde via a Mannich condensation in an acetic acid-methanol
mixture at 65 °C for 14 h afforded the bicyclic ketone (2) in 82% yield. The new
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bicyclic ketone (2) was isolated by column chromatography (Al.Os, eluent:
benzene/ i-propanol — 1:6), and the reaction product is a viscous oil.

NHZOH -HClI, pyridine
CH3CH20H 120°C,25h

HoN o (CH,0)n CH5COCI, K,CO
\ 2 ) 6515 y A2 3
W CH;0H,

CeHg, rt, 12 h
CH3COOH, HCl, g
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The IR spectrum of 3-benzyl-7-(3-methoxypropyl)-3,7-
diazabicyclo[3.3.1]nonan-9-one (2) displayed an intense absorption band at 1735
m*, characteristic of the stretching vibrations of the ketone carbonyl group at the
C9 position. Additionally, the band at 1118 cm™ indicated the presence of a
simple ether C-O—C linkage associated with the methoxypropy! substituent.

The 'H NMR spectrum showed signals for the protons of the bicyclic
framework in the range 1.65-2.40 ppm (H3,7 and H2,4,6,8). The methoxypropyl
fragment was identified by signals at 2.52 ppm (H11), 2.74 ppm (H12), 2.75 ppm
(H13), and 2.78 ppm (H15). Aromatic protons of the benzyl substituent resonate
in the region 7.12-7.35 ppm, confirming the presence of a phenyl ring. In the *C
NMR spectrum, the most downfield signal at 214.5 ppm corresponds to the
carbonyl carbon C9. Signals for the bicyclic skeleton carbons C3 and C7 were
observed at 57.23 ppm, while resonances for C2, C4, C6, and C8 appear in the
range 54.3-61.1 ppm, which is characteristic of a 3,7-diazabicyclic system.
Signals for the N-substituents (C10-C14) and the aromatic carbons of the benzyl
fragment (127.03-137.5 ppm) were consistent with the proposed structure.

The structure of the compound (2) was additionally confirmed by two-
dimensional NMR spectroscopy using COSY (*H-'H), HMQC (*H-*C), and
HMBC (*H-13C) techniques, which enable the identification of homo- and
heteronuclear spin-spin interactions. The observed 'H-'‘H COSY and 'H-C
HMQC correlations in the molecule are shown schematically.
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In the *H-'H COSY spectra of the compound, spin-spin correlations through
three bonds were observed between protons of neighboring methylene-methylene,
methyl-methine, and methane-methine groups: H12-H11 (5 1.87, 2.61 and 2.61,
1.87), H16-H15 (8 1.31, 3.59 and 3.59, 1.32), H12-H13 (5 1.86, 3.60 and 3.60,
1.86), and H3,7-H4¢q,6¢q (6 2.95, 3.16 and 3.16, 2.95 ppm).

Heteronuclear one-bond 'H-3C correlations were established by HMQC
spectroscopy for the following proton-carbon pairs present in the compound:
H16-C16 (6 1.33, 15.53), H12-C12 (5 1.83, 27.84), H11-C11 (8 2.71, 47.05),
H2ax,8ax, 2eq,6eq-C2,8 (8 2.61, 53.81), H4u,6a-C4,6 (8 2.94, 58.54), H4eq,6e4C4,6
(6 3.18, 58.58), H15-C15 (5 3.61, 66.60), H13-C13 (5 3.60, 68.68), H17-C17 (&
3.70, 61.51), H21-C21 (5 7.43, 126.88), and H19,23,20,22-C19,23,20,22 (5 7.47,
128.60 ppm).

Long-range heteronuclear *H-*C correlations through two or more bonds
were identified by HMBC spectroscopy for the following pairs: H16-C15 (5 1.31,
66.53), H12-C2,8 (6 1.85, 53.81), H12-C13 (5 1.85, 68.70), H17-C4,6 (5 3.67,
58.49), H17-C19,23 (4 3.67, 129.04), and H17-C18 (5 3.67, 138.71 ppm).

Bicyclic ketone (2) was heated with a strong oximation agent in an alcoholic
medium at 120 °C for 25 h, affording the corresponding oxime (3) in 76% yield.
The oxime was purified by column chromatography on Al.O; (eluent:
benzene/isopropanol, 1:20), and the product was obtained as a viscous oil.

In the IR spectrum of oxime (3), the characteristic C=0 absorption band of
the bispidinone fragment disappeared. A broad band at 3222 cm™, corresponding
to the stretching vibrations of the oxime hydroxyl group (C=NOH), and an intense
band at 1671 cm™, attributed to the C=N stretching vibration, were observed.
These features confirmed the transformation of the carbonyl group of the initial
ketone into an oxime.

In the *H NMR spectrum of the compound, the methylene protons H-13,13
of the methoxypropyl fragment appeared as a two-proton multiplet at 6 1.71-1.76
ppm. The methylene protons H-12,12 of this fragment were observed as a two-
proton broadened singlet at & 1.89 ppm. The methylene protons H-13,12, H-
14,14, and H-14,14 of the methoxypropyl fragment resonated as two-proton
multiplets at & 2.40-2.50, 3.41-3.45, and 3.49-3.76 ppm, respectively. The methyl
protons H-16,16,16 of the methoxypropyl fragment appeared as a three-proton
singlet at 6 3.32 ppm.

The diazabicyclohydroxyimino protons H-2.,8. were observed as a two-
proton multiplet at 5 2.45-2.62 ppm. The diazabicyclohydroxyimino protons H-
2¢q,8eq aNd H-4ax,6ax,4¢q,6eq appeared as a six-proton multiplet at 6 2.75-2.78 ppm.
The diazabicyclohydroxyimino protons H-7 and H-3 were recorded as a one-
proton multiplet and a singlet at 5 2.66-2.71 and 3.64 ppm, respectively. The
hydroxy! proton H-11 resonated together with the aromatic protons H-19-23 as a
six-proton multiplet at 6 7.22-7.34 ppm.

In the **C NMR spectrum, signals of the carbon atoms of the methoxypropyl
fragment were observed at 6 27.18 (C-13), 54.37 (C-12), 58.74 (C-16), and 71.21
ppm (C-14). Carbon atoms of the diazabicyclohydroxyimino fragment resonated
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at 6 30.23 (C-3), 36.84 (C-7), 56.67 and 57.16 (C-2,8), 58.06 and 58.42 (C-4,6),
and 161.52 ppm (C-9). The methylene carbon atom C-17 appeared at 6 61.69
ppm. Aromatic carbon atoms were detected at 6 127.09 (C-21), 128.42 (C-20,22),
128.99 (C-19,23), and 138.51 ppm (C-18).

The structure of the compound (3) was additionally confirmed by two-
dimensional NMR spectroscopy using COSY (*H-'H), HMQC (*H-**C), and
HMBC (*H-'*C) techniques, which allow the identification of homo- and
heteronuclear spin-spin interactions. The observed 'H-'H COSY and ‘H-**C
HMQC correlations in the molecule are shown schematically.

In the *H-'H COSY spectra, three-bond spin-spin correlations were observed
between protons of neighboring methylene-methylene, methyl-methine, and
methine—methine groups: H13-H12 (5 1.73, 2.42 and 2.42, 1.73), H13-H14 (5
1.73, 3.40 and 3.40, 1.73), and H-2ax,8a-H-7 (6 2.52, 2.77 and 2.77, 2.52 ppm).

One-bond heteronuclear H-*C correlations were established by HMQC
spectroscopy for the following proton—carbon pairs: H16-C16 (5 3.30, 58.72),
H12-C12 (6 2.41, 54.29), H13-C13 (8 1.74, 27.16), H-2ax,8ax,2eq,6e4-C2,8 (3 2.77,
56.54), H-4ax,6ax,4eq,6eq-C4,6 (6 2.76, 58.50), H-7-C7 (& 2.61, 36.88), H-3-C3 (5
3.63, 30.28), H-14-C14 (5 3.40, 71.27), H-17-C17 (& 3.49, 61.69), and H-
19,23,20,22-C19,23,20,22 (5 7.27, 128.60 ppm). Long-range heteronuclear *H-C
correlations through two or more bonds were identified by HMBC spectroscopy
for the following pairs: H13-C12 (6 1.73, 54.76), H13-C14 (6 1.73, 71.12); H12-
C13 (6 2.41, 27.09), H12-C2,8 (5 2.41, 56.17), H12-C4,6 (6 2.41, 58.42), H12-
Cl14 (5 2.41, 71.27); H14-C13 (5 3.40, 27.15), H14-C12 (5 3.40, 53.92); H16-C14
(6 3.30, 71.45); H17-C2,8 (5 3.49, 56.83), H17-C4,6 (5 3.49, 58.86), H17-C20,22
(8 3.49, 129.25), and H17, C18 (5 3.49, 138.92 ppm).

Acylation of oxime (3) with benzoyl chloride in absolute benzene at room
temperature for 12 h afforded the corresponding O-benzoyloxime (4) in 65%
yield. The product was purified by column chromatography on Al,Os using
benzene/isopropanol (7:1) as the eluent. The IR spectrum of compound (4)
exhibits an intense absorption band at 1742 cm™, corresponding to the ester
carbonyl group of the benzoyl fragment, as well as a band at 1637 cm™
characteristic of the C=N bond of the oxime moiety, confirming the formation of
the O-benzoylated derivative.

A crystalline inclusion complex (5) of compound (4) with B-CD was
prepared in an equimolar ratio. The resulting complex (5), designated KhZR-107,
exhibits high thermal stability, decomposing above 240 °C.

The inclusion complex of O-benzoylated derivative with p-CD (KhZR-107)
was studied at a concentration of 0.001% for its effects on germination, growth,
and development of wheat seedlings (variety Kazakhstan-10) and soybean
seedlings (variety Zhansaya) under laboratory conditions. For comparison, a
solution of Baikal EM-1 at 0.001% was used. The results of the study are
presented in Tables 1 and 2 and Figures 1 and 2.
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Table 1 - Influence of KhZR-107 on germination and growth of wheat seeds under controlled
laboratory conditions

Treatment | Germination, % Germination energy, % Mean height, Contamination

cm with microflora
Control 90+2 825+1.5 95+04 -
KhzZR-107 100+ 0 95.0+1.2* 11.0 + 0.5* -
*Significant difference compared to control (p < 0.05)

Figure 1 - Influence of KhZR-107 on germination, growth, and development of
Kazakhstan-10 wheat seedlings under laboratory conditions.

As shown in Table 1, treatment with KhZR-107 produced a pronounced
stimulatory effect on wheat seeds. Laboratory germination increased from 90% in
the control to 100%, while germination energy rose from 82.5% to 95.0%. In
addition, treated seedlings exhibited more vigorous early growth, as indicated by
a mean shoot height increase from 9.5 cm to 11.0 cm. The absence of visible
microflora contamination in both control and treated variants indicates that the
preparation did not negatively affect seed sanitary status. The simultaneous
improvement of germination energy and seedling height suggests that the
complex not only accelerated seed awakening but also supported subsequent
metabolic activity during early ontogenesis.

Table 2 - Effect of KhZR-107 on germination and seedling development of Zhansaya soybean under
laboratory conditions

Treatment Germination rate, % Seed germination Contamination with
energy, % microflora
Control 50+3 45.0+£2.0 +++
KhZR-107 50+2 450+1.8 +++

In contrast to wheat, soybean seeds showed no quantitative changes in
germination rate or germination energy following treatment with KhZR-107
(Table 2). Both indicators remained at the control level (50% and 45.0%,
respectively). Microflora contamination (+++) was observed in both experimental
and control groups, indicating that the preparation did not exert a protective or
inhibitory effect on associated microorganisms under the tested conditions.
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Nevertheless, visual observations in the moist chamber indicated more uniform
seedling development, suggesting that the preparation may influence post-
germination physiological processes rather than the initial germination stage in
soybean.
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Figure 2 - Effect of KhZR-107 on germination and early seedling development of
Zhansaya soybean under laboratory conditions.

Possible Mechanism of Growth-Stimulating Action of KhZR-107

The growth-promoting effect of KhZR-107 in wheat may be attributed to
enhanced bioavailability of the O-benzoylated oxime derivative resulting from its
inclusion into B-cyclodextrin.

Such complexation [17,18] is known to improve solubility and facilitate
penetration of the active compound into the seed during imbibition, thereby
enabling more efficient interaction with metabolically active tissues. The
observed increase in germination energy [19] suggests stimulation of early
metabolic processes, particularly activation of enzymatic systems involved in
reserve mobilization. Enhanced amylolytic activity and accelerated nutrient
supply to the embryo may account for both faster germination and increased
seedling height.

Furthermore, oxime-containing compounds may affect redox homeostasis.
Controlled modulation of reactive oxygen species [20] during early ontogenesis
could promote synchronized germination and stimulate cell division. The absence
of significant quantitative effects in soybean indicates species-specific sensitivity,
possibly related to differences in seed composition and metabolic pathways.
Nevertheless, improved seedling uniformity suggests that KhZR-107 may
influence post-germination physiological processes.

Overall, the findings indicate that KhZR-107 functions as a mild metabolic
activator rather than a classical phytohormone analogue [21], enhancing early
growth without exhibiting phytotoxic effects.
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4. Conclusion

A new series of 3-benzyl-7-(3-methoxypropyl)-3,7-
diazabicyclo[3.3.1]Jnonan-9-one  derivatives was synthesized from 1-
benzylpiperidin-4-one and structurally confirmed by IR, 'H/*C NMR, and 2D
experiments. Incorporation of the O-benzoylated oxime into a B-CD inclusion
complex (KhZR-107) enhanced biological activity. In wheat (Kazakhstan-10),
KhZR-107 increased germination from 90% to 100%, germination energy from
82.5% to 95%, and shoot height from 9.5 to 11.0 cm, without affecting seed
sanitary quality. In soybean (Zhansaya), germination remained unchanged,
although seedling development was slightly more uniform. These results highlight
KhZR-107 as a promising cereal growth stimulator, particularly for wheat, while
further greenhouse and field studies are needed to optimize its application and
confirm microbiological stability.
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KAHA N-BEH3WJIITUIIEPUJIOH TYbBIHABLIAPBI: CUHTE3I )KOHE ©CIMJIK
OCYIH BIHTAJIAHJBIPYLIbI OCEPI

A.E. Manmarosa*?, K.B. Omezynosa®, T.M. Ceitinxanoe®

1 O.B. Bexmypos ameindasgel Xumus svinelmoapsl uncmumymot, Aimamet, Kazaxcmarn
2 Kazax-Bpuman mexnuxanvix ynueepcumemi, Anmamot, Kazaxcman
8 [1l. Yanuxanos amvinoazvl Kexuiemay ynusepcumemi, Koxuiemay, Kazaxcman

Tyiiingeme.  Kipicne.  IlunepuamH  TybIHIBUIApBL,  ocipece  N-OeH3wImUmepuaoHIap,  KeH
(hapMaKoIOrHsUIIBIK QJIEYyeTKe He JKOHE dpi Kapail XUMHUSUIBIK TYPJICHIIPY YILIIH MepCHeKTHUBAIbBI OOIbII
tTaObutagpl. Omapra JereH KbI3BIFYIIBUIBIK 0acTanKbl —peareHTTepIiH KOJDKETIMAUINIMEH JKoHE
CaJIBICTBIPMAJIbI TYp/IC KaparmailblM CHHTE3 KOJIapbIMeH OaililaHbICThI, Oy OepiireH (HH3HKa-XUMHUSIIBIK
JKoHE OHMONIOTHSUIBIK KacueTTepi 0ap jkaHa KOCBUIBICTapAbl jkoOamayra MyMKiHaik Oepexmi. Ocsbl
HCYMBICHIBIY MaKcamsl - OSH3WINMHUIEPUIOH TYBIHABIIAPBIHBIH )KaHA KaTapblH CUHTE3JIEY, KYPbUIBIMIBIK
MoaMUKalMsuIay apKbUIbl KYpJeTipeK a30TKypaM/ibl TeTePOLMKIIeP I aly KoHe oJap/blH OCIMIIK eCyiH
BIHTATAHIBIPY OenCeHUTIriH 3epTrey. Homuowcenep owcone mankpinay. 1-Bemsummunepunna-4-ou 1-(3-
METOKCHIPOITII)aMUHMEH JKOHE TapaOpMaibIeruaneH apekeTTecin, 3-6eH3ui-7-(3-MeTOKCHIIPOIIHII)-
3,7-nuazaburmkio[3.3.1]-HoHaH-9-0H Ty311. KeToH okcuManmsinay xarnaibiHaa 76% MIBIFEIMMEH COKeC
OKCHMIe aWHaIABIPBULIBL. OKCHMI OCH3OMIXJIOPHAINICH anmijiey HoTmwkeciHne 65% mbrbeiMMer O-
GerzomnokcuM anbiaabl. X3P-107 kemreni 0,001% xonmentpammsima 6unaiinsie (Kasakcran-10 coptsr)
JKoHe costHbIH (YKaHcast copThl) TYKbIMIAPBIHBIH OHYIHE, 6CYl MEH JaMybIHA 9Cepi TYPFBICHIHAH 3ePTTEIIII.
Kopeimeinow. X3P-107 npemapatsiMeH eHzaey Ounail eciMiH >kakcapTThl: ecy kepcetkimn 90%-naH
100%-ra meiiin ecti, ecy sHepruscel 82,5%-man 95%-ra meHiH apTThl, an Oyl IOHAEP OMIKTIriHiH
apTyblHa OKEJITeHMEH, OyJ YpPBIKTHIH CaHHUTApJbIK camachiHa ocep ermeai. Cosi TYKbIMBIHAA ©cCy
KepceTKiurepi e3repmei, Oipak KeueTTep con Oipkenki Goibin Kepinai, Oyl epTe JaMmy Ke3eHiHAeri OH
acepiiepai KkepceTei.

Tyiiinai ce3gep: N-OeH3WINHIIEPUIOH, NHA3a0UIMKIOHOHAHOH, [-IHUKIOJECKCTPUHHIH HHKIFO3HSIIBIK
KeIlIeHi, 0CIMIIKTepAiH 6CyiH bIHTAIAHABIPY.
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HOBBIE N-BEH3UJINTANEPUTOHOBBIE IIPOU3BOJHBIE: CHHTE3 U
POCTCTUMYJIMPYIOLLASLI AKTUBHOCTb PACTEHUUA

A.E. Manmarosa*?", K.B.Omezynosa?, T.M. Ceiinxanos®

Y Unemumym xumuueckux nayx umenu A.5. Bexmypoea, Anmamol, Kazaxcman
2 Kasaxcmancko-Bpumarnckuii mexnuueckuii ynusepcumem, Anmamot, Kasaxcmar
3 Koxwemayckuii ynusepcumem umenu I1l. Yanuxanosa, Koxwemay, Kazaxcman

Pestome. Bsedenue. Ilpou3BonHble NUNEpUIUHA, B 4YACTHOCTH N-OCH3WINMIEPUAOHBI, MPOSBISIOT
MIUPOKHIT (hapMaKOIOrHUCCKHUI OTCHIMA U SBIISIOTCS MEPCICKTUBHBIME O0BEKTaMHU UL JaiabHeHIIeH
xumudeckoit momudukanuu. VHTepec kK HUM OOYCIOBIEH JOCTYHHOCTHIO MCXOIHBIX BELICCTB U
OTHOCHTEJIBHOH NPOCTOTOM CHUHTE3a, YTO MO3BOJISIET KOHCTPYHUPOBATh HOBBIE COCAMHEHMS C 33/laHHBIMU
(U3MKO-XUMUUECKUMHU M OHOJIOTMYECKUMHU CBOMCTBaMHU. []enblo OanHoli pabomul SBISETCS. CAHTE3 HOBOM
CEepUH NPOM3BOAHBIX OCH3WINUIICPHIOHA, IONTyYeHHE 0O0JIee CIOXKHBIX a30TCOACPKAIIUX I'eTEPOLUKIIOB
MyTéM CTPYKTYPHOH MOAMGMHUKAMU M H3Yy4YEHHE MX POCTCTUMYJIMPYIOIICH aKTHMBHOCTH B OTHOILECHHU
pactenuii. Pesynomamel u  obcyscoenue. 1-Bensunnmunepuaun-4-oH B3aumopeiictBoBan ¢ 1-(3-
METOKCHUIIPOIIMII)aMUHOM M IapadopMajbAeruioM ¢ obpazoBanueM 3-0eH3ui-7-(3-MeTokcunponui)-3,7-
nmurazabunukio[3.3.1]Honan-9-ona. Keton Obul mpeBpaiiéH B COOTBETCTBYIOLIMI OKCHM € BBIXOJIOM 76%
B YCJIOBUSX OKCHUMAalUH. ALMIMPOBAHHE OKCHUMa OCH30WIXJIOPUAOM IpHBENO K momydyenuto O-
Oenszomnokcuma ¢ BeIxogoM 65%. Kommieke X3P-107 Obur uccnenoBaH Ha BIUSIHHE Ha IpopacTaHue,
pocT u pa3BuTHE NpopocTKOB mireHuIs! (copt Kazaxcran-10) u con (copr JKaHcas) npu KOHIEHTpALUH
0,001%. 3axarouenue. O6padoTka X3P-107 ymyummia nmokasateiay MIISHUIBL: BCX0KECTh MOBBICUIIACH C
90% no 100%, sHeprus npopactanus yBenuuuiach ¢ 82,5% no 95%, a pocT cesHLEB cTajl BbIlIE, IPH
9TOM CaHHMTApHOE KaueCTBO CEMSH HE MOCTpajano. Y COM IIOKA3aTeIW BCXOXKECTH OCTAIMCh 6e3
H3MCHCHUH, OJTHAKO CESHIIbI BEITIIACIH HEMHOTO 60Jice PaBHOMEPHBIMH, YTO YKa3hIBACT HA YMCPCHHBIC
MOJIOKHUTETbHBIE Y)(EKTHI B paHHEM Pa3BUTHU.

KiaoueBbie caoBa: N-OeH3WImMMIepumoH, AWa3aOWIMKIOHOHAHOH, KOMIUICKC BKJIIOYCHHS f-
LUKIOACKCTPUHA, CTUMYJIMPOBAaHHE POCTA PACTCHHUH.

Manmaxoesa Auizyn Epbocvinosna PhD, accoyuposannuiii npogpeccop
Omezynosa Kamuna babascankuizol Mazucmp xumuu
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Abstract. Introduction. The development of polymer binders for construction and composite
materials requires purposeful control over the structure of spatially cross-linked polymer networks, since
the internal structural parameters largely determine the mechanical, sorption, and performance
characteristics of materials. In this context, the quantitative evaluation of crosslink density and the number
of junctions in polymer networks as a function of system composition represents an important scientific
task. Methodology. In this study, spatially cross-linked copolymers based on polyethylene glycol maleate
modified with acrylic acid were synthesized by a “cold” radical curing method at various mass ratios of
the components. The structure of the obtained materials was confirmed by Fourier transform infrared
(FTIR) spectroscopy. Quantitative assessment of the structural parameters of the polymer network was
performed using equilibrium swelling data of the copolymers in water. The crosslink density, number of
network junctions, and average molecular weight between junctions were calculated using the Flory—
Rehner equation. Results of the study. It was established that an increase in the polyester component
content in the investigated systems leads to a decrease in the swelling degree and to the formation of a
denser spatially cross-linked structure, characterized by an increase in crosslink density and a reduction in
the molecular weight between network junctions. The obtained results demonstrate the possibility of
purposeful control over the structural parameters and properties of polyester binders by varying the
system composition, thereby opening prospects for their application in construction and composite
materials.
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1. Introduction

Currently, when creating polymer binders for construction and composite
materials, special attention is paid to the study and targeted regulation of the
structure of spatially cross-linked polymer networks, since the parameters of the
structural organisation of the network largely determine the durability and
performance characteristics of materials [1]. For thermosetting and network
polymer systems, key characteristics of the internal structure include crosslink
density and molecular weight between nodes, which affect mechanical strength,
deformation behaviour, sorption properties, and resistance to moisture and
temperature [2].

In polyester systems based on unsaturated polyesters and reactive monomers,
the curing process is accompanied by the formation of a three-dimensional
polymer network with nodes that unite macromolecular chains into a single
spatial structure. The number of such nodes is one of the main quantitative
characteristics of the degree of cross-linking and the level of structural
organisation of the material [3]. An increase in node density usually leads to an
increase in rigidity and a decrease in chain mobility, while less dense networks
are characterised by increased elasticity and swelling capacity [4].

For systems based on polyethylene glycol maleate (p-EGM) modified with
acrylic acid (AA), the formation of a polymer network occurs as a result of radical
curing involving double bonds of the polyester component and acrylic monomer.
The mass ratio of the components determines the concentration of reactive groups
and, accordingly, the number of nodes in the spatially cross-linked structure [5],
which makes the composition of the system an effective tool for controlling its
structural parameters.

Quantitative assessment of the number of nodes is an important stage of
structural analysis, allowing us to move from describing the composition and
experimentally observed properties to characterising the internal structure of the
material [6]. One of the most informative methods of such assessment is the study
of the equilibrium swelling of network polymers, in which the degree of swelling
reflects the balance between the elastic forces of the polymer network and the
thermodynamic interaction of the polymer with the solvent [7]. For spatially
cross-linked systems, an increase in the number of nodes is accompanied by a
decrease in the material's swelling capacity [1].

Based on the swelling data, the calculation of crosslink density using the
Flory—Rehner equation, which links the parameters of the polymer network with
the thermodynamic characteristics of the system, is widely used [8]. Despite its
known limitations, this approach remains one of the most common in the study of
networked polyester and acrylate materials [3]. Its application is particularly
relevant for polyester binders used in construction, where an optimal combination
of strength, water resistance and dimensional stability is required [2]. Analysis of
p-EGM-AA systems across a wide range of compositions allows establishing the
relationship between the formulation, structural parameters and operational
properties of materials [5].
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Thus, calculating the number of nodes in the p-EGM-AA polymer network
based on swelling data is a valid structural analysis tool that allows linking the
characteristics of the composition and internal structure with the functional
characteristics of materials and creates a basis for further optimisation of
polyester binders [3].

2. Experimental part

The research was conducted in four stages. At the first stage, the starting
unsaturated polyester, polyethylene glycol maleate, was synthesized, and its
average molecular weight (Mw) was determined by GPC and turbidimetry to be
~1232 Da.

In the second stage, using the ‘cold’ radical curing method of the initial p-
EGM with acrylic acid at different mass ratios of the components, the following
systems were obtained: p-EGM15 (p-EGM-AA 15:85 wt.%), p-EGM30 (p-
EGM-AA 30:70 wt.%), p-EGM45 (p-EGM-AA 45:55 wt.%) and p-EGM60 (p-
EGM-AA 60:40 wt.%). Benzoyl peroxide (BPO, initiator) and dimethylaniline
(DMA, activator) were used as the initiating system in a mass ratio of 1.0:0.5
wt.%. Curing was carried out at a temperature of 293K without additional heat
exposure [9,10]. The initial reaction mixtures were prepared by thoroughly
mixing the components until a homogeneous system was obtained, after which
the ‘cold’ curing initiation system was added and left at a set temperature until the
formation of a spatially cross-linked structure was complete.

After curing, the cured samples were purified to remove unreacted
monomers. Purification was carried out by sequential washing with dioxane and
then distilled water. The composition of the cured polymers was determined by
HPLC analysis of the resulting mother liquors in dioxane. After washing, the
samples were dried at room temperature until a constant weight was achieved,
which was monitored by repeated weighing.

The third stage of the study included determining the structure of the
obtained systems based on p-EGM of various compositions by IR spectroscopy
and determining their degree of swelling. The swelling study was carried out in
distilled water. For each composition, weights of dry copolymer with a mass of
~3.0 g were used. The weights were placed in an excess of solvent and kept at a
constant temperature until an equilibrium mass was established. The swelling
equilibrium was considered to be reached when there was no change in the mass
of the sample within the weighing error [11]. After reaching equilibrium, the
samples were removed from the water, surface moisture was removed with filter
paper, and they were weighed immediately.

The degree of swelling (S) of the copolymers was calculated using formula
(1):

S — My — mdry (1)
mdry
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where mswel IS the mass of the sample in a state of equilibrium swelling (after
blotting the surface), g;
Mary IS the mass of the dry sample, g.

Each swelling measurement was performed in at least three parallel
experiments. The deviation of mass values did not exceed +2%, indicating good
reproducibility of the results. The tables present the average values of the
measured parameters.

At the final stage, calculations were made of the number of nodes (N) in the
polymer network and the molecular mass (M) between them. For this purpose, to
calculate the structural parameters of the polymer network, the experimentally
determined value of the degree of swelling S, calculated as the relative increase in
sample mass, was converted into the mass swelling coefficient Qn according to
formula (2):

Q,=1+S (2)

The volume fraction of the polymer in the swollen state ¢, was determined
taking into account the densities of the polymer and solvent according to equation

(3):
1/ /Odry

_1/10dry +(Qm _l)/psolv

where par is the density of the dry polymer, g/cm?;
psolv IS the density of the solvent (for water, psonv = 1 g/cm?), glem?,

?, 3)

The polymer density was assumed to be a constant value in accordance with
generally accepted assumptions for calculations of spatially cross-linked polyester
systems.

The assumption of a constant density of the dry polymer for all investigated
compositions is based on the similarity of the chemical nature of the resulting
cross-linked network structures and the absence of fundamentally different phase
components in the system. Variation in the mass ratio of p-EGM and AA
primarily leads to changes in crosslink density rather than to the formation of
chemically heterogeneous materials.

The calculated density values for the different samples differ only slightly
(Table 2), which confirms the validity of using an averaged approach. The
potential error associated with this assumption does not exceed the experimental
uncertainty in the determination of the swelling degree and does not affect the
established qualitative trends in the variation of v. and M.

The number of polymer network nodes (cross-link density) was calculated
using the Flory—Rehner equation (4):
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y ——InA-0) -0, 29}
Vl((P;js _(;2)

where ve — concentration of network chains, mol/cm?;
V1— molar volume of solvent (for water V1=18 cm*/mol);
x — was selected based on literature data for polyether-acrylate
systems in an aqueous medium [8].

(4)

Next, the concentration of cross-linked chains was converted into the number
of polymer chain nodes per unit volume using the expression (5):

N=v-N, (5)

where Na — Avogadro's number.

The obtained values were used for quantitative comparison of the structural
characteristics of copolymers of different compositions and analysis of the effect
of the degree of swelling on the parameters of the spatially cross-linked network.

The following reagents (‘Sigma-Aldrich’) were used for the study: acrylic
acid, benzoyl peroxide, dimethylaniline, dioxane. All reagents were of analytical
grade and used without additional purification. The starting unsaturated polyester,
p-EGM, was previously obtained by the polycondensation reaction of ethylene
glycol with maleic anhydride using a standard method [11].

3. Results and discussion

The curing of the initial unsaturated polyester — p-EGM — was carried out
using a binary ‘cold’ curing initiation system consisting of BPO and DMA
(1.0:0.5 wt.%) at a temperature of 293K.

The actual composition of the obtained cured systems p-EGM15, p-EGM30,
p-EGM45 and p-EGM60 was determined by HPLC. The results are presented in
Table 1:

Table 1 — Dependence of the composition of copolymers and some of their parameters on the composition
of the initial mixtures of p-EGM (M1) with AA (Mz)

Composition of the initial polymer- | Composition of cured
monomer mixture, wt.% systems, wt.% Yield. % Degree of swelling, S
M1 M2 m1 m2
15.04 84.96 13.98 86.02 92.8 38.29+1.91
30.21 69.79 28.87 71.13 91.2 11.51+0.58
45.06 54.94 43.54 56.46 89.7 2.17+0.11
60.12 39.88 58.12 43.88 89.1 1.4440.07

* The reported data represent average values; the relative error in the determination of the swelling degree
does not exceed £5%.
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IR spectra of p-EGM (100 wt.%)
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Figure 1 — IR spectra of p-EGM and copolymers based on it.

53



KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHUY XYPHAJI KA3AXCTAHA

The data obtained, presented in Table 1, indicate a direct dependence of the
cured product yield on the AA content. It is also worth noting that varying the AA
content allows products with different physicochemical properties to be obtained,
which makes them promising materials in various industries, both as effective
polymer gel sorbents and as hydrophobic compounds used as polymer binders for
the manufacture of building materials.

The structure of the synthesized compounds was studied using IR
spectroscopy. The spectra of the initial p-EGM and p-EGM-AA copolymers of
various compositions are characterized by a set of absorption bands indicating the
formation of the corresponding polymer structures (Fig.1). For the initial p-EGM,
an intense band of valence vibrations of carbonyl groups of ester fragments in the
range of 1725-1730 cm™* was recorded, as well as a band related to the vibrations
of unsaturated —C=C— bonds of maleate units in the range 1575-1590 cm™.
Deformation vibrations of methylene —CH, groups appear in the range 1455-1465
cm™. High-intensity bands in the range 1140-1160 cm™ correspond to vibrations
of ether -C—O—C- bonds of the polyester chain.

When an increased content of AA (copolymer p-EGM15) is introduced, a
broad absorption band appears in the IR spectrum in the range of 3100-3600
cm™, caused by the contribution of valence vibrations of hydroxyl groups of
carboxyl fragments involved in the formation of hydrogen bonds. A characteristic
feature of the modification is an increase in the intensity of the carboxyl group —
COOH band in the range 1710-1715 cm™ compared to the initial p-EGM, which
indicates an increase in the content of acrylic acid in the copolymer structure. At
the same time, the band corresponding to the vibrations of unsaturated double
bonds in the range 1575-1585 cm™ is preserved, but its intensity is noticeably
reduced, which indicates a partial copolymerization reaction involving -C=C—
bonds [12].

Next, the structural parameters of spatially cross-linked copolymers of the p-
EGM-AA system were calculated, which made it possible to quantitatively
characterize the features of polymer network formation and establish the
relationship between the composition, internal structure, and properties of the
materials. The use of equilibrium swelling data in water in combination with the
Flory—Rehner equation made it possible to move from a qualitative description of
the behaviour of copolymers to a quantitative assessment of the density of cross-
links and the molecular organization of the polymer matrix.

It should be noted that in the calculation of the crosslink density v. and the
average molecular weight between network nodes M., the polymer—solvent
interaction parameter y was taken from literature data for polyester—acrylate
systems in an aqueous medium [8]. It is well known that the value of y can
significantly influence the quantitative values of the calculated parameters, since
it enters the Flory—Rehner equation in an exponential form.

Sensitivity analysis indicates that when y is varied within reasonable limits
(£0.02-0.03), the absolute values of v. and M¢ may change; however, the overall
trend in the variation of structural parameters with changes in system composition
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remains unchanged. Therefore, despite the possible uncertainty associated with
the choice of y, the observed relationships are robust and reliably reflect the effect
of the component mass ratio on the spatial organization of the polymer network.

It should be taken into account that the Flory—Rehner equation is based on
several simplifying assumptions, including an ideal network structure, uniform
distribution of crosslink junctions, and the absence of structural defects such as
loops, dangling chains, and local inhomogeneities in crosslink density. In real
polyester—acrylate systems, deviations from the idealized model are possible due
to microstructural heterogeneity and the statistical nature of radical
copolymerization. Therefore, the calculated values of crosslink density and
molecular weight between network junctions should be regarded as effective
(estimated) parameters reflecting the averaged characteristics of the polymer
network.

The experimental swelling values were reduced to a dimensionless quantity S
(degree of swelling), reflecting the relative increase in sample mass compared to
the dry state. Based on the value of S, the mass swelling coefficient Qm was
calculated, and taking into account the densities of dry copolymers, the volume
fraction of the polymer in the equilibrium swollen state ¢, was determined.
Subsequent calculation of the crosslink density ve and the average molecular
weight between the network nodes Mc allowed us to comprehensively
characterize the structural parameters of the forming polymer network. The
calculation results are presented in Table 2.

Table 2 — Structural parameters of the polymer network of copolymers of the p-EGM-AA system

Composition
(Wt'%A)K;EGM' Qm pary, glecm? 02 ve , molicm3 M, g/mol
p-EGM15 39.29 1.2697+0.0635 0.020 (4.90+0.25)-10°8 (2.59+0.13)-10°
p-EGM30 1251 | 1.2842+0.0642 | 0.063 | (4.40£0.22)-10° | (2.92+0.15) 10
p-EGM45 317 | 1.3041+0.0652 | 0261 | (1.18+0.06):10° | (1.11+0.06)'10°
p-EGM60 244 | 1.3195:0.0660 | 0345 | (2.58+0.13):10° | (5.11+0.26) 10

* The reported data represent average values; the relative uncertainty of the calculated structural
parameters (ve and Mc) does not exceed +5%.

** Since the numerical compositions of the cured products are quite close to those of the initial mixtures,
it is customary to designate the resulting polymers according to the values of the initial compositions for
clarity

Analysis of the data obtained shows that a change in the mass ratio of
components in p-EGM-AA systems is accompanied by pronounced changes in
the structural characteristics of the polymer network. Copolymers with a high AA
content are characterized by high Qm values and low values of the polymer
volume fraction ¢,. This indicates the formation of a sparse spatially cross-linked
structure in which macromolecular chains have high mobility and the number of
polymer network nodes is small. Such systems are characterized by a significant
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ability to sorb water, which is due to both the low density of cross-links and the
presence of hydrophilic functional groups.

With an increase in the proportion of p-EGM in the composition of cured
products, there is a regular increase in the volume fraction of the polymer in the
equilibrium swollen state and a corresponding increase in the density of cross-
links ve. For compositions with a higher polyester content, ¢, values reach 0.26—
0.35, and the crosslink density increases to about 10 mol/cm®. This indicates the
formation of a denser spatially cross-linked structure in which the mobility of
macromolecular segments is significantly limited by the elastic forces of the
polymer network. The decrease in the swelling ability of such systems is a direct
consequence of an increase in the number of nodes and an increase in the elastic
resistance of the network to solvent penetration.

Of particular interest is the analysis of the average molecular weight between
nodes in the M¢ network, which is an integral characteristic of the degree of
structural organization of spatially cross-linked polymers. Calculation of M.
showed that as the density of cross-links increases, the value of this characteristic
decreases by more than two orders of magnitude. For sparse networks with low
node density, M. values reach 10° g/mol, which corresponds to long and mobile
macromolecular segments between cross-link nodes. At the same time, for denser
networks, M. decreases to values of the order of 10-10° g/mol, which indicates a
significant shortening of the chain segments and an increase in the rigidity of the
polymer matrix.

The obtained trends are consistent with modern concepts of the behavior of
spatially cross-linked polymers: an increase in crosslink density leads to higher
network elasticity, restricted segmental mobility of macromolecules, and a
reduced swelling capacity. The calculation of the parameters v. and M. makes it
possible to quantitatively describe the internal organization of p-EGM-AA
copolymers and to provide a well-founded interpretation of the changes in their
sorption characteristics depending on composition.

Thus, the results of calculating structural parameters based on equilibrium
swelling data demonstrate that varying the mass ratio of components in the p-
EGM-AA system is an effective way to control the spatial organization of the
polymer network. The data obtained provide a reliable basis for further analysis of
the relationship between the operational characteristics of the copolymers
obtained, and can also be used to justify their potential application as polyester
binders for construction and composite materials.

In contrast to previously published studies on polyester network systems
[3,5], the present work provides a comprehensive analysis of the effect of p-
EGM-AA composition on the quantitative parameters of the network structure
over a wide range of component ratios using an energy-efficient ‘cold’ curing
method. This approach makes it possible to expand the understanding of the
mechanisms of structural organization of polyester—acrylate networks and their
regulation at the synthesis stage.
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4. Conclusions

Based on the data on equilibrium swelling in water, the structural parameters
of spatially cross-linked p-EGM-AA copolymers were calculated. It was found
that a change in the mass ratio of the components leads to variations in the
volume fraction of the polymer in the swollen state, the density of cross-links, and
the molecular weight between the network nodes. It was shown that an increase in
the proportion of the polyester component is accompanied by an increase in the
density of cross-links and a decrease in the inter-node molecular weight, which
indicates a densification of the spatially cross-linked structure. A relationship has
been identified between the structural parameters of the polymer network and the
swelling ability of copolymers, which is due to the balance of elastic and
thermodynamic factors. The calculation of the number of nodes confirmed the
informative value of the equilibrium swelling method for the quantitative analysis
of the structure of polyester network systems and substantiated the prospects for
the use of p-EGM-AA copolymers as polyester binders for construction and
composite materials.
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Tyiiinaeme. Kipicne. KypblUlblc JkoHE KOMIO3MLMSIBIK MaTepuajapra apHalraH MOJUMEpIi
OallIaHBICTBIPFBIITAPIBI 3ipiiey KEHICTIKTIK TITUIreH HOIMMEPIK TOpIapAblH KYPBUIBIMBIH MaKCaTThl
TypAe Oackapy[pl Tajam eTe[ll, OWTKEeHi 1IKi KYPBUIBIM apaMeTpiiepi MaTepraiiapIblH MEXaHUKAJbIK,
COpOLMAIBIK JKOHE TafianaHy cHIaTTaMaiapblH alKbiHAAWABL. OcbiFaH OailTaHBICTBI XKylie KypaMblHa
TOyeJi TIrUTyJep THIFBI3ABIFEI MEH MOJMMEpPIIK TOp TYHWIHIEPiHIH CaHBIH CaHABIK TYpFbIIaH Oaranay
©3eKTi FBUIBIMH MiHIET OOnbIn  TaObUIagsl. Odicmeme. JKyMBICTa aKpHI — KBIIIKBIIBIMEH
MOTU(UKAIMSIAHFaH [TOJUATHUIICHITTUKOJIBMAIICMHAT HETI3iHAerT KEHICTIKTIK TITUITeH COHOoIuMepIiep
OpPTYpJi KOMITIOHEHTTEPAIH MAacCalblK KaThIHACTApBl KE3iHAE «CYBIK» pauKalAbl KaTalTy omiciMeH
IBIHABL. AJIBIHFAaH MaTepHAJIapIblH KYPBUIBIMBI HH(PAKBI3BUI CIICKTPOCKOIHS ONIiCIMEH pacTallfbl.
IMomumepik TOpABIH KYPHUIBIMIBIK apaMeTpIIepiH CaHIbIK Oaralay YIIiH COIOIMMEpIEPIiH Cyaa Teme-
TEHJIIK ICIHY JepeKTepi maiaanaHsuiasl. Tirinylep THIFBI3IBIFEL, TOP TYHIHACPIHIH CaHBI KOHE TYHIHAED
apacelH/IaFbl opTaiia MoJekylnanslk Macca @®nopu—Penep TeHzeyi HerisiHume ecentenni. 3epmmey
Homuoiceaepi. 3epTTENeTiH Kyienepae nonudGUPIiK KOMIIOHEHTTIH YJIECIHIH apTybl iCiHY I9pekeciHiH
TOMEH/ICYiHE JKOHE TITUTyJep THIFBI3ABIFBIHBIH apTybl MEH TOp TYHIHIEpl apachblHIaFbl MOJEKYJIAIBIK
MAacCaHBIH KEMYIMEH CHIIATTaJaThIH HEFYPJIbIM THIFBI3 KEHICTIKTIK TIirlIreH KYPBUIBIMHBIH KaJBINITACYbIHA
OKEJICTiHI AaHBIKTANJBL AJIBIHFAaH HOTIDKENEp JKyWe KypaMblH ©3repTy apKbUIBl IHOMM3(HPIIK
0alTaHBICTHIPFBIITAPABIH KYPBUIBIMABIK ITapaMeTpiepi MeH KacHeTTepiH MakcaTThl TYpAE peTTeyre
OO0NaTHIHBIH KOpPCETEAl XKOHE ONapAbIH KYPHUIBIC IE€H KOMIO3MLUSIBIK MaTepuaniapia KONIaHBLIY
OoJalakTapblH alaibl.
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CTPYKTYPHBIE TIAPAMETPBI IPOCTPAHCTBEHHO-CIUUTBIX COIIOJIMMEPOB
MOJUATUJNEHTTUKOJBMAJEUHATA U AKPHJIOBOM KHCJIOTHI
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Pe3tome. Bsedenue. Pa3paboTka MOIMMEPHBIX CBS3YIOIIMX JUISI CTPOUTENBHBIX M KOMIO3HMIMOHHBIX
MaTepuanoB TpeOyeT LEJIEeHANPAaBICHHOIO YNpPABICHUS CTPYKTYpPOH IPOCTPAHCTBEHHO-CIIUTBIX
MTOJIMMEPHBIX  CETEeH, IIOCKOIBKY IIapaMeTpsl BHYTPEHHETO CTPOCHUS B 3HAYUTENBHON CTEHNECHH
OIPE/ICNISIOT MEXaHUUECKUE, COPOLIMOHHBIE U HKCILTyaTal[MOHHbIE XapaKTePUCTUKH MaTepuaioB. B atoit
CBSI3U aKTyaJbHOW 3ajaueil sIBJISIETCS] KOJIMYECTBEHHAsl OLEHKA IUIOTHOCTU CIIMBOK M KOJIMYECTBA Y3JIOB
MOJIMMEPHOI CeTM B 3aBUCUMOCTH OT COCTaBa CHUCTeMbl. Memooonoeus. B pabote uccienoBaHbl
MIPOCTPAHCTBEHHO-CILIUTHIE COTIOJIMEPHI Ha OCHOBE MTOJIMATHIICHT JIMKOJIbMAaJIeHHATa,
MOAMGHUIMPOBAHHOTO aKPHIOBOW KHCJIOTOH, MOJyYEHHbIE METOJOM «XOJIOHOTO» PaJUKalIbHOTO
OTBEP)KACHUS IIPU PA3IMYHBIX MACCOBBIX COOTHOIICHUSX KOMIOHEHTOB. CTpyKTypa IOJIy4eHHbBIX
MarepuanoB Obuta mnoarBepikaeHa MertonoM HMK-cnexkrpockonuu. [Iinst KOJMYECTBEHHOM —OLIEHKH
CTPYKTYpHBIX IIapaMETpPOB IIOJIMMEPHOM CETH KCIHOJIb30BaHbl JaHHBIC PaBHOBECHOTO HaOyXaHHUS
COTIONIIMEPOB B BoJ€. PacueT MIOTHOCTH CIIMBOK, KOJIMYECTBA Y3JI0B M CPEAHEH MOJEKYJISIPHOH MAacChl
MEXJly Y3JaMU BBINOJIHEH C NpUMEHeHHeM YypaBHeHus Dnopu—PeHepa. Pesynomamvl uccie008anus.
Y CcTaHOBIIEHO, YTO yBEIWYEHHUE JOJIN NOIUI(PHUPHOTO KOMIIOHEHTA B MCCIEAYEMbIX CHCTEMaX HPUBOANT K
CHIDKEHHIO CTENeHH HaOyxaHus W (OPMHPOBaHHIO 0ojee IUIOTHOH MPOCTPAaHCTBEHHO-CUINTON
CTPYKTYPBI, XapaKTePU3YyIOUIEHCs] POCTOM IUIOTHOCTU CIIMBOK M YMEHBIIEHHEM MOJIEKYIIPHOW Macchl
MeX1y y3inamu cetu. [lomydyeHHbIe pPe3yNbTaThl IEMOHCTPUPYIOT BO3MOXHOCTB IIE€JIE€HAIPABICHHOTO
yIpaBlICHUS CTPYKTYPHBIMH IIapaMeTpaMH M CBOWCTBAMH TOJMA(UPHBIX  CBSAYIONMX ITyTEM
BApPBUPOBAHUS COCTAaBa, 4YTO OTKPHIBAET MEPCIEKTHBBI WX TPUMEHEHHS B CTPOUTEIBHBIX U
KOMITO3HLIMOHHBIX MaTepHaiax.
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nojuMepsl; HaOyxaHue; IUIOTHOCTh CIIMBOK; ypaBHeHue ®rnopu—Penepa, MexysinoBas MOJEKyIJsipHas
Macca
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FEATURES OF THE INTERACTION OF INTERGEL SYSTEMS BASED
ON POLYACRYLIC ACID AND POLY-2-METHYL-5-VINYLPYRIDINE
WITH GOLD IONS
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Abstract. Introduction. In the interpolymer system of polyacrylic acid and poly-2-methyl-5-
vinylpyridine, the change in the mutual activation of polymer hydrogels with different degrees of
crosslinking as a result of remote interaction of the two hydrogels was determined, and their effect on the
process of gold ion sorption was studied [1,2]. The purpose aim of the work is to study the sorption
capacity of intergel systems based on poly-2-methyl-5-vinylpyridine and polyacrylic acid in relation to
gold ions [3,4]. The obtained results The maximum degree of sorption of the gPAA:gP2M5VP
interpolymer systems increased to 0.645 mol/L at a polymer molar ratio of 5:1 within 48 hours of
interaction, and then gradually decreased to 0.575 mol/L. The maximum pH values of the intergel system
gPAA:gP2M5VP are observed at a ratio of 3:3, corresponding to a pH of 2.99. The minimum pH value is
2.96 at a ratio of 2:4. The overall swelling ratio (Ksw) increases from 0.8 to 3 during the conformational
rotation of the interstitial unit. Conclusion. According to the results, the electrochemical properties of
hydrogels of polyacrylic acid and poly-2-methyl-5-vinylpyridine in the interpolymer system were studied
and the optimal molar ratios were determined. Thus, as a result of these studies: the obtained experimental
data on specific electrical conductivity of the solution, pH of the medium and swelling coefficient of
hydrogels showed that the presence of remote interaction between acrylic acid and 2-methyl-5-
vinylpyridine hydrogels has a significant effect on the initial polymer network and physicochemical
properties of the solution.

Keywords: interpolymer system, ion-exchangers, hydrogels, polyacrylic acid, poly-2-methyl-5-
vinylpyridine, remote interaction, mutual activation, sorption.
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1. Introduction

In recent years, work that has attracted the attention of scientists and has
been intensively studied is primarily focused on the separation of gold ions from
solutions by creating interpolymer systems of cross-linked polymers with high
sorption properties and selectivity, as well as on the determination and analysis of
their sorption capacity [5,6]. A distinctive feature of the ionization process in
interpolymer systems is the absence of a counterion in one part of the ionized
chains. This is a consequence of interpolymer interactions, leading to mutual
activation of polymers and the formation of unbalanced charges along the
polymer chain. During the dissociation of acidic polymers, a proton is separated
from the carboxyl group, and this ion combines with a heteroatom of the base
polymer in an agueous medium, resulting in the formation of a neutralized charge.
In this case, the charge density of the base polymer is limited by the degree of
dissociation of the acidic polymer. As a result, the polyacid undergoes ionization,
followed by dissociation of the carboxyl group, and then the association of
protons with the polybase heteroatom, resulting in both polymers having equally
charged groups in the interstitial chain links without counterions. Therefore,
interpolymer systems have a higher sorption capacity compared to individual
polymers [7-9]. Based on the long-distance interaction, hydrogels of polyacrylic
acid (PAA) and poly-2-methyl-5-vinylpyridine (P2M5VP) were selected for the
formation of an intergel pair in intergel systems. Purpose of the studypoly-2-
methyl-5-vinylpyridine and polyacrylic acidStudy of the sorption capacity of
intergel systems based on gold ions.

2. Materials and Methods

The study was conducted at room temperature over various time intervals.
The interpolymer system was prepared as follows: each dry mass of hydrogel was
weighed and placed separately into specially prepared individual polypropylene
cells (filters) permeable to molecular ions and molecules, but not to hydrogel
dispersions. Electrochemical changes (specific conductivity, pH) of the aqueous
solution were measured at various time intervals. The mass of the empty cell (g)
was subtracted from the mass of the cell filled with hydrogel. gPAA:gP2M5VP.
The swelling degree of the hydrogels was calculated. We poured 200 ml of the
prepared solution into seven glasses and added seven different ratios of
gPAA:gP2M5VP We conducted a study by placing a cell containing gels in an
intergel system. A polyacrylic hydrogel was synthesized in the presence of the
cross-linking agent N,N-methylene-bis-acrylamide and the K;S;0s-Na,S,03 redox
system. Poly(2-methyl-5-vinylpyridine) hydrogel (gP2M5VP) was synthesized
from the linear polymer in a dimethylformamide medium in the presence of
epichlorohydrin at 60°C. The degree of purification was monitored using a
conductivity meter. During the study, the synthesized poly(2-methyl-5-
vinylpyridine) hydrogel was washed with distilled water for two weeks, dried for
one week, and used for experimental work. Conductometer MARK 603 for
determining the electrical conductivity of aqueous solutions.The study was
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conducted by Expert 002 (Econix-Expert, Moscow, Russian Federation).To
measure pH values, use pH Lab 827 (Metrokhm, Heritzau,Objects (Switzerland)
were used. The study of the electrochemical properties of polymers allows us to
predict the formation of highly ionized regions of polymer structures during long-
range interaction.

3. Results and discussion

Based on our systematic work, we first synthesized the required acidic
hydrogels based on polyacrylic acid (gPAA) and poly-2-methyl-5-vinylpyridine
(gP2M5VP) and analyzed their properties using various methods. Having created
an intergel system, we studied the selective adsorption of the gold ion HAUCI. in
various gPAA:gP2M5VP ratios. Previous studies have shown that hydrogels
interact with each other at a distance in various combinations, changing their
electrochemical and volumetric-hydrodynamic properties [10]. To create an
intergel system by mixing poly (2-methyl-5-vinylpyridine) gel with poly(acrylic
acid) in different ratios, we first studied the changes in electrical conductivity, pH,
and swelling coefficient of the synthesized poly (acrylic acid). Figure 1 shows the
changes in the specific electrical conductivity of the medium over certain time
intervals at different molar ratios of the gPAA:gP2M5VP intergel system. We
observe that at ratios of 6:0 and 5:1 in the intergel system, the specific electrical
conductivity of the medium reaches its maximum value, suggesting mutual
activation of the hydrogels and their transition to a highly ionized state based on
long-distance interactions. The maximum degree of sorption of the
gPAA:gP2M5VP intergel system is observed at a molar ratio of polymers of 5:1
over 48 hours of interaction. We see that the concentration of gold ions increases
to 0.645 mol/L and then gradually decreases to 0.575 mol/L. The figure also
shows high conductivity values at a hydrogel ratio of 4:2, which is 0.625
mol/L.The maximum values observed at the top point indicate an increase in the
concentration of electrical conductivity charge carriers, which is explained by the
maximum formation of ionic bonds and the corresponding increase in electrical
conductivity as a result of the optimal number of carboxyl and amino groups.High
values of specific electrical conductivity of the intergel system gPAA:gP2M5VP
in a ratio of 1:5. Indicates the presence of H* ions in an aqueous medium. The
concentration of H* ions depends on the degree of dissociation of the carboxyl
groups.The presence of a maximum on the curve indicates that the speed of ion
movement in dilute solutions of strong electrolytes does not depend strongly on
concentration.In a solution of HAuUCls-4H20. Changes in pH of the environment
are shown in Figure 2.
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Figure 1 — Dependence of parameters of intrinsic electroconductivity of
gPAA:gP2M5VP hydrogels with different ratios on molar ratios.

The results of the study show that the minimum and maximum pH values are
observed in the HAuUCIl4-4H>0 solution. The maximum pH point of the medium is
close to neutral at a ratio of 6:0, pH max = 3.03. The minimum pH values of the
gPAA:gP2M5VP intergel system medium are observed at ratios of 4:2 and 1:5,
and the maximum values are at ratios of 5:1 and 3:3, respectively, at a ratio of 3:3,
pH max = 2.99. These values indicate that a low pH value indicates an increase in
the concentration of hydrogen ions, and a high pH value indicates a low
concentration of H* ions. At a ratio of 4:2, pHmax = 2.98, and at a ratio of 2:4,
pH max = 2.96. These values indicate that the concentrations of H* and OH" ions
in the solution are close. In a HAuCls-4H,O solution, the pH of the medium
slowly increased at a ratio of 2:4, and then the hydrogen concentration remained
constant, indicating the formation of hydroxyl ions as a result of the interaction of
the base with water molecules in the solution. In the intergel system, at an
equimolar ratio of 3:3, complete neutralization of H* and OH" ions occurs. At this
ratio, the electrical conductivity of the system is minimal. At a ratio of 1.5, the pH
decreases, and the electrical conductivity reaches its maximum. As can be seen
from the figure, the low pH and high electrical conductivity are due to the
influence of H* ions. gPAA:gP2M5VP The dependence of the swelling
coefficients (Ksw) of the intergel system on different time intervals is shown in
Figure 3. The swelling ratio of the g°PAA hydrogel remains constant at a ratio of
6:0 over different time intervals. This indicates that the hydrogel has a limited
capacity to absorb water, as only one polymer, gPAA, is present in this system.
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Figure 2 - Dependence of pH of the intergel system of polyacrylic acid
and poly-2-methyl-5-vinylpyridine on the molar ratios of hydrogels.

The swelling coefficients of the hydrogels were Ksw (gPAA)=10.1 and
(gP2M5VP) = 0.46. These data indicate a high degree of ionization of both
hydrogels at this stage. The concentration of H* and OH" ions is proportional to
the concentration of the hydrogels and their degree of swelling. In the
HAuUCIs-4H,0 solution, at a certain ratio of acidic to basic hydrogels, we
observed the highest swelling coefficient (Ksw) at a ratio of 1:5 after 48 hours
compared to the initial hydrogels, indicating a high degree of ionization of the
hydrogel at this stage.
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Figure 3— Dependence of the degree of swelling of gPAA in the presence of
hydrogel P2M5VP on the molar ratio of hydrogels.

The high degree of H* ionization is explained by the excess of polyacid in
the solution and the high dissociation of COOH groups. The figure shows that the
swelling coefficient (Ksw) increases with time, and after a certain time, swelling
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ceases. The swelling coefficient (Ksw) of the polyacrylic acid hydrogel in the
intergel system in the presence of poly(2-methyl-5-vinylpyridine) demonstrates
that the volumetric and gravimetric properties of the hydrogels change during
long-distance interaction. A sharp increase in the size of the poly(2-methyl-5-
vinylpyridine) gel is observed in the ratios of 4:2 and 3:3. As a result of long-
distance interaction in the HAuCI44H,O solution, a sharp decrease in the
swelling coefficient is observed in the ratio of 3:3, which is due to an insufficient
swelling rate and low concentrations of the main groups.

gPAA:gP2M5VP Figure 4 shows the dependence of the swelling degree
(Ksw) of poly-2-methyl-5-vinylpyridine gel on time at different time intervals in
the intergel system. Unlike the cross-linked hydrogel gPAA, the hydrogel
P2M5VP exhibits a stepwise change in the swelling degree (Ksw) over time. The
maximum swelling of the gel gP2M5VP is observed at ratios of 5:1 and 4:2,
which is evident from the change in the swelling coefficient of poly-2-methyl-5-
vinylpyridine gel with a certain time interval, which increases to a minimum
value of 0.1 and a maximum value of 2.1, as evidenced by the change in the
volumetric-gravimetric properties of poly-2-methyl-5-vinylpyridine hydrogel and
polyacrylic acid hydrogel.

The maximum swelling values of the hydrogels are also maintained at a ratio
of 2:4. This is explained by the neutralization of hydroxyl ions by protons and a
very low degree of dissociation of carboxyl groups while maintaining a high
concentration of positive ions in the solution. gPAA:gP2M5VP hydrogels in the
intergel system showed a minimum value at a ratio of 4:2 in a HAuCl4-4H;0
solution, which is due to the insufficient swelling rate of the main groups and
their low concentration.
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Figure 4 — Dependence of the degree of swelling of gP2M5VP in the presence of
gPAA hydrogel on the molar ratio of hydrogels.

Thus, the poly(2-methyl-5-vinylpyridine) hydrogel changes its volumetric
and gravimetric properties compared to the polyacrylic acid hydrogel. Overall,
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(Ksw) increases from 0.8 to 3 during the conformational rotation of the internodal
unit (Ksw). That is, the swelling coefficient increases by 3.8 times. The minimal
reduction in swelling in this region is associated with the formation of an
intramolecular bond of the >NH+...N< type or the formation of an intramolecular
association. As the gPAA concentration in the aqueous medium increases, the
swelling process intensifies, and Ku increases significantly. In this case, the local
conformational change and the inverse arrangement of interstitials are explained
by an increase in chain charge density, which leads to the rupture of
intramolecular bonds.

4. Conclusion

The results of numerous studies and analyzes, depending on the amount and
volume of cross-linked polymers used in the synthesis, show that mutual
activation of interpolymer systems of polyacrylic acid and poly-2-methyl-5-
vinylpyridine leads to a significant increase in their sorption capacity.
Experimental data on the specific electrical conductivity of the solution, pH of the
medium and the swelling coefficient of the hydrogels showed that the presence of
long-range interactions between acrylic acid and 2-methyl-5-vinylpyridine
hydrogels has a significant effect on the initial polymer network and the
physicochemical properties of the solution; the presence of areas of abnormally
high electrical conductivity at the lowest gPAA:gP2M5VP ratio indicates the
presence of highly concentrated charged ions; in an equimolar gPAA:gP2M5VP
ratio, association of H* and OH ions with each other and intermolecular
duplication of hydrogels occurs; As a result of long-distance interaction,
additional activation of the hydrogels occurs, i.e., the interstitial chain acquires an
additional charge without a negative ion; long-distance interaction leads to a
conformational change in the interstitial chain in both hydrogels, which causes
their additional swelling; at a certain ratio of gPAA:gP2M5VP, a zone of
intramolecular association formation was identified in the gP2M5VP hydrogel,
which leads to rotation of the polymer network.
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Tyitingeme. Kipicne. Ilonuakpuil KbIIKBUIBI MEH IIONH-2-METHI-5-BHHIINUPUIUH HHTEPIIOIUMEPIIK
JKyHeciHae €Ki THAPOTeNIiH KAaIIBIKTBIKTaH OPEKETTeCyl HOTIKECIHIE TOpJiaHy Iopexeci op Typii
MOJIMMEPJTIK THAPOTeIIEPiH ©3apa aKTUBTCHYIHIH ©3repici aHBIKTAJbI, OJIAPIBIH AJITHIH HOHAAPBIHBIH
copbumsiiay yaepicine turizetin ocepi 3eprrenai [1,2]. JKymeicmoiy makcamvr monu-2-meTHII-5-
BUHUJIMUPHUANH JKOHE MOJUAKPUI KBIIIKBLIIBI HETi3iHIe KYPbUIFAH MHTEPIeNbi KyHenepaiH alTblH
HOHIapBIHA KATHICTBI cOpOUMsIBIK Kabimerin 3eprrey [3,4]. Anvinean nomuoicenep. TTIAK:TII2MSBIT
HMHTEPIONIMMEpIl KyHenepiHiH MakcuMaiabl copOims jgopexkeci 48 caraT opekerTecy KesiHje
nonuMepiepaiH 5:1 MOMNSpPIbIK KaThblHACTAPhIHAA ANTHIH MOHAAPBIHBIH KOHLEHTpauuscsl 0.645 Monb/n
MeJuIepiHe JeiiH xoFapiar, apsl Kapait Oiprinaen 0.575 monw/n azaiiran. [TAK:TI2MS5BII unteprensai
KyHeciHiH pH oprachiHBIH MakcuMasl MoHAEpi 3:3 KaThiHACkIHAA Oaiikana sl coiikecinme pH 2.99 teH.
An munnmyM 2:4 kateiHacbiHaa pH moHi 2.96 teH. JKanms! iciny nopexeciniy (Ki) TyiliHapanbik OybiH
KoHpopMasUIBIK  aiiHany ypaiciane  (Ki) 0.8 nmen 3-xe meitin eceni. Kopwimwinovl. Kemnreren
3epTTeyjiep MEH TaliaylapAblH HOTWKeNepl CHHTe3Aey OapbIChIHIAFbl MaiIanaHfaH ChI3BIKTBIK
MOJIMMEpJIEPMEH OHJIAFbl KOCBHIMIIIA PEareHTTEp/iH MeJIIepiHe, KOeJIeMiHe Kapai alblHFaH MOTiMETTep
MOJIMAKPHT KBIMIKBUIEI MEH IOJIH-2-METWI-5-BUHWINUPHANH HMHTEPIOIUMEpIIi KyHerepiHiy e3apa
aKTUBTEHYI OJap/IbIH COPOLMSIIBIK KAaOICTIHIH alfTapibIKTall )OFapbUIayblHa OKSIETiHIH KepceTe .

TyiiiH ce3mep: HHTEPNOTUMEPIIK IKyile, HOHHUTTEP,IOJHAKPUI  KBIIKBUIBL, MOJNU-2-METHI-5-
BUHWJIMHUPUINH, KAIIBIKTHIKTAH ©3apa dPeKeTTEeCy, THIPOTeNbIep, 63apa aKTHBTECHY, COPOLHS.

Jicymaounos Tankwioex Koscamaeguu Xumusi FolibMOapbiHbIH OOKMOpbl, npogheccop
Hrwcemoaesa I'ynonyp Tokmapzazunosna PhD doxmopanm
Mykamaesa Kazupa Cazambexosna Xumus Fo1161M0apbIHGIE, KAHOUOAMbL,
KayblM. npogeccop
Xumspcean Xyanzyn PhD, ebiibimu Kbizmemep
Epowcem bapnazyno mazucmp.
I'pasicynasuuroc KOozac Buodac IIpogpeccop

OCOBEHHOCTH B3AMMOJIEMCTBUAS WHTEPTEJEBBIX CHUCTEM HA OCHOBE
MOJUAKPAJIOBOM KUCJOTHI U MOJIA-2-METHJI-5-BUHUINIUPUIUHA C HOHAMHU
30JI0TA

T.K. [Incymaounos*?, I.T.[locembaesa™?", JK.C.Myxamaeea?, X. Xumapcon'?,
B. Epycem?, I0.B.Tpaxcynasuuioc®
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2Kasaxckuii nayuonanbublii nedazouyeckuii ynusepcumem umenu Abas, Anmamor, Kazaxcman
3Kaynaccruii mexnonoauueckuii ynusepcumem, Kaynac, Jlumea

Pe3ome. Bgeoenue. B pesynbTare [IUCTAaHIMOHHOTO B3aHMMOJCHCTBHS JBYX THIpOrelied B
HHTEPHOIMMEPHOH CHCTEME IONHAKPHIOBOH KHCIOTHI U IOJIH-2-METHI-5-BUHWINMUPHANHA OBLIO
OIPE/ICNICHO HM3MCHCHHE B3aMMHON AKTHUBALMKM IOJIMMEPHBIX THAPOTENeld ¢ pas3nyHOIl CTEeNeHbI0
CIIUBAHMS, A TAKIKE U3YUEHO UX BIMAHHUE HA MPOIIECC COpOLHMU HOHOB 30i0Ta [1,2]. [Jeavio pabomel 610
n3ydeHHe COpPOILMOHHOM CIIOCOOHOCTM HMHTEPreleBbIX CHCTEM Ha OCHOBE  I1OJH-2-METHII-5-
BHHWIITMPUMHA W IIOJMAKPHIOBOH KHCIOTHI II0 OTHOLICHHIO K HOHaMm 3oiorta [3,4]. Ionyuennvie
pesynbmamul.  MaxkcumanpHasi CTENeHb copOumu  uHTeprnoiuMmepHbix cucteM TIIAK:TII2M5BP
yBenuumiack a0 0.645 MOJB/I MPH MOJNSIPHOM COOTHOMICHHHM TONUMepoB 5:1 B Teuenue 48 dacos
B3aMMOJICHCTBUS, a 3aTeM MOCTENIeHHO cHU3MIack 10 0.575 moink/n. MakcumanbHble 3HaYeHus: PH cpensl
unreprenesoit cucremsl TITAK:TII2MS5BII nHaGmonanuch npu cooTHomeHuu 3:3, cooTBeTCTBEHHO, PH
2,99. A py MUHUMAJIBHOM COOTHOIIeHUH 2:4 3HaueHne PH cocrasser 2,96.

Ob6mas crenens Habyxanus (KH) yBennunBaetcs ¢ 0.8 10 3 B mporecce KOHGOPMAIMOHHOTO BpAILCHHUS
MEXKJI0y3JI0BOT0 3BeHa. Bbigod. I1o pe3ynbTaTaM HCClIeIOBaHUH M3ydYeHBI JIEKTPOXUMHYECKHE CBOIicTBa
THIPOTeliel MOJHAKPUIOBON KUCIIOTHI U TOJIH-2-MEeTHII-5-BUHIINUPHIMHA B HHTEPIIOIMMEPHON CHCTEME
U OIpE/IeNIeHbl ONTHMAJbHBIE MOJBHBIE COOTHOIIEHUsS. Takum 00pa3om, B pe3ysibTaTe MpPOBEACHHBIX
UCCIIEN0BaHUIL: MOTyYEeHHbIE KCIIEPUMEHTAIbHBIC JAHHbIE 110 YISJIbHON 3JIEKTPOIPOBOIHOCTH PacTBOpA,
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pH cpensl u kodhduumeHty HaOyXaHUs TMApOrened IOKa3ald, 4YTO HAJIWYUE IUCTAHLHOHHOTO
B3aMMOJICHCTBUS MEXKIY aKpWJIOBOW KHCIOTOW M 2-METHII-5-BHHIIIMPHIMHOM THAPOTENEH OKa3bIBacT
CYIIECTBEHHOE BIIMSHHE HA HCXOIHYIO HOJIMMEPHYIO CETKY U (PU3HKO-XUMHYECKHE CBOICTBA pacTBopa.

KiioueBsble cj10Ba: HHTEPHOIMMEPHAS CHCTEMa, HOHUTBI, THAPOTEIH, TTOJIHAKPUIIOBOM KHCIIOTA, MOJH-2-
METHII-5-BUHUINUPHUIHH, AUCTAHIMOHHOE B3aUMO/ICHCTBHE, B3aMMHAsl aKTHBALIHS, COPOLIHSL.

Jicymaounos Tanxwioek Koscamaesuu Joxmop xumuueckux nayk, npogeccop
Hrwcembaesa I'ynonyp Tokmapzazunosna PhD doxmopanm
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Xumapcean Xyanzyn PhD, nayunsiii compyonux
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Abstract. Introduction. Waterborne coating materials based on polymer dispersions are regarded as
a priority direction in coating technology due to reduced environmental impact and increasingly stringent
requirements for production and application safety. However, aqueous acrylic dispersions retain
technological limitations associated with film formation, interfacial interactions, and resistance to
moisture exposure. One promising approach to improving performance is the incorporation of amine-
containing additives capable of regulating charge—associative processes and the structure of the interfacial
layer. The aim of this study was to determine the effect of an amine-containing additive on the surface—
bulk properties of an aqueous acrylic dispersion and to identify the factors governing changes in
interfacial activity and structural organization within the bulk phase. The research objectives included a
comparative analysis of the “water—additive” system and the “acrylic dispersion—water—additive” system,
as well as an examination of the mechanisms responsible for the redistribution of protonated and less
ionized forms of the additive between the bulk phase and the phase boundary. Methods. Interfacial
characteristics were evaluated using an ACAM series instrument equipped with video recording of the
droplet profile and calculation of interfacial parameters by drop shape analysis based on the Young-
Laplace equation. Bulk properties were monitored by conductometry (specific electrical conductivity) and
potentiometry with pH measurements while varying the content of the amine-containing additive
polyethylene polyamine. Results and discussion. It was shown that in an aqueous medium the additive
exhibits limited interfacial activity. In the presence of an acrylic dispersion, the interfacial effect is
enhanced, indicating the involvement of the additive in specific interactions with functional groups of the
film-forming polymer and a change in its distribution between the surface and the bulk phase.

Conclusion. The results obtained substantiate the use of polyethylene polyamine as a tool for
controlling interfacial and bulk processes in aqueous acrylic dispersions and may be applied in the
development of waterborne coating systems.

Keywords: waterborne coating materials; acrylic dispersion; amine-containing additive; interfacial
interactions; surface—bulk properties.
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1. Introduction

In recent years, a steady global trend toward replacing solvent-borne coatings
with water-dispersible systems has been observed [1]. This transition is primarily
driven by increasingly stringent environmental regulations on volatile organic
compound (VOC) emissions, corresponding changes in technical standards, and
advances in polymer synthesis technologies that enable the design of materials
with tailored properties [2].

According to Coherent Market Insights, in 2025 waterborne coatings
accounted for approximately 40.5% of the total global paint and coatings
production volume, reflecting a systematic shift in market demand toward
environmentally safer systems with reduced emissions of hazardous substances
[3]. Furthermore, estimates by Precedence Research indicate that the global
market volume of waterborne coatings reached USD 96.15 billion in 2025, with a
compound annual growth rate (CAGR) of 5.5% [3,4].

However, replacing organic solvents with water presents several
technological challenges, as water exhibits fundamentally different
physicochemical properties compared with organic solvents [5]. In addition, most
conventional film-forming agents are insoluble in water, and only a limited
number of water-soluble film formers are capable of producing transparent (true
or molecular) solutions in agueous media [6]. For this reason, aqueous dispersions
of polymers and oligomers have become the most widely used systems, among
which acrylic dispersions occupy a leading position [7].

Coatings based on acrylic film-forming agents are characterized by high
weather resistance, including light, thermal, and chemical stability, as well as
resistance to contamination and to acidic and alkaline environments [8,9]. At the
same time, such coatings typically do not allow the production of high-solids
formulations and may exhibit insufficient mechanical strength, limited water
resistance, and relatively low corrosion resistance [10-12].

One of the main approaches to the targeted modification of the properties of
polymer composite materials and their coatings is the use of additives exhibiting
surfactant activity [13]. The selection of polyethylene polyamine as an additive in
the present study was determined by two factors. First, the amphiphilic nature of
its macromolecules, resulting from the presence of polar amine groups within a
mixture of high-molecular-weight amines (characterized by the amine number)
and hydrocarbon fragments, provides pronounced interfacial activity and the
ability to participate in specific interactions within aqueous dispersion systems.
Second, the additive (M = 5000) is water-soluble, which facilitates its
incorporation into the aqueous phase [14-16].

From a physicochemical standpoint, modification induced by differences in
the thermodynamic characteristics of the film-forming polymer and the additive is
accompanied by concentration fluctuations of the introduced substance between
the bulk phase of the agueous polymer system and its interfacial surface energy at
the air interface, primarily due to the development of adsorption processes. The
variety of processes occurring in the bulk and interfacial phases differs only
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slightly in terms of the energy required for their initiation [17]. The narrow
energy range within which various states of the initial and modified forms are
realized implies the necessity for precise and selective control of these processes
in order to achieve the desired effects while preventing undesirable outcomes
[18].

At the same time, understanding the physicochemical processes occurring in
aqueous polymer dispersions is also important from a practical perspective.
Changes in surface tension and electrokinetic characteristics of such systems can
influence pigment wetting, dispersion stability, and film formation processes,
which ultimately affect the performance properties of coatings, including
adhesion, mechanical strength, and protective efficiency [19]. Therefore, the
study of the influence of surface-active additives on the interfacial and bulk
properties of aqueous polymer systems is relevant not only for fundamental
research but also for the rational design of waterborne coating formulations.

In this context, it was considered appropriate to determine the effect of the
additive concentration on the regularities of processes occurring both in the bulk
of the aqueous acrylic dispersion (dissociation processes, hydrogen ion
concentration, pH) and at its interface with air (surface tension).

2. Experimental Section

The objects of investigation were an aqueous acrylic dispersion based on the
glossy acrylic varnish “Solax” and an amine-containing additive, polyethylene
polyamine (PEPA), TU 2413-357-00203447-99. The studies were carried out
using model compositions of the “water—PEPA” type and ternary systems of the
“film former—water—PEPA” type, with the additive concentration varied within
the range of 0-1.2 % in increments of 0.2 %. All solutions and compositions were
prepared immediately prior to measurement and examined at a temperature of 295
K.

PEPA solutions of the required concentration were prepared individually: a
weighed portion of the additive was measured on an analytical balance and
dissolved in a specified volume of distilled water under stirring until complete
homogenization. The ternary compositions were obtained by introducing PEPA
into a calculated volume of the acrylic varnish “Solax” under stirring until a
visually homogeneous state without observable aggregates was achieved.
According to preliminary Kinetic experiments, equilibrium in the investigated
systems was established within 30 min; therefore, all subsequent measurements
were performed after a standardized equilibration period of this duration.

The surface tension of the investigated systems was determined using an
automated ACAM instrument by the pendant drop method (Figure 1). A droplet
was formed at the tip of a dosing needle, its profile was recorded using a video
system, and the surface tension was calculated by drop shape approximation in
the instrument software based on the Young-Laplace equation. Measurements
were carried out in parallel, and the results were averaged.
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Figure 1 — Image of a water droplet dispensed for surface tension determination.

The specific electrical conductivity was measured using a “Multitest”
conductometer. Prior to measurements, the instrument was calibrated with a
standard solution. The measuring cell was rinsed with distilled water and with the
test sample, after which conductivity was recorded once the readings stabilized at
295 K. The final value was taken as the average of three measurements.

The hydrogen ion concentration (pH) was determined using a “Multitest”
potentiometer equipped with a combined glass electrode. Before measurements,
calibration was performed using buffer solutions. The electrode was rinsed with
distilled water and the test sample, and the pH value was recorded after
stabilization of the readings at 295 K.

3. Results and Discussion

The results of the study are presented sequentially.

3.1. Surface Properties of Binary “Water—PEPA” Systems at the Air
Interface

The surface tension isotherm (T = 295 K) of aqueous polyethylene
polyamine solutions at the air interface demonstrates only minor changes in the
liquid-gas surface tension (oc_l-g) (Figure 2). The maximum surface tension
depression (Ac = 1.49 mN/m) was observed at a PEPA concentration of 0.6 %.
Beyond this concentration range (C > 0.6 %), the surface tension remains
essentially constant (¢ = 71.28 mN/m).

The weak surface activity of polyethylene polyamine compared with
classical additives is due to the peculiarities of its chemical composition and
structure, characterized by a large number of amine groups of different types (-
NHz— and —NH-) and short hydrophobic fragments (-CH.—CH:-) [20,21]. The
shift of the hydrophilic-lipophilic balance (HLB) toward polar groups reduces the
tendency of PEPA to accumulate at the water—air interface. The quantitative
dissociation characteristic of polyethylene polyamine, resulting from protonation
of amine groups by water (accompanied by the formation of hydroxide ions),
promotes hydrophilization and, consequently, the preferential localization of
hydrated species within the bulk phase. The increase in the fraction of ionized
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forms is clearly reflected in the observed changes in electrical conductivity

(Figure 3a) and hydrogen ion concentration (Figure 3b) of aqueous polyethylene
polyamine solutions.

o, mN/m
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Figure 2 — Surface tension isotherms (T = 295 K) for the “water—PEPA” (1)
and “film former-water-PEPA” (2) systems.

a b

pH pH

12.0 12.0

10.0 4 L4 * t * b4 100 4 4 . t . . L4

80 4 8.0 4

6.0 $ 6.0 L]

4.0 4 4.0 4

2.0 4 2.0 4

0.0 v v s ' J 0.0 ' v s ' \
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

C,% C,%

Figure 3 — Effect of polyethylene polyamine concentration in the binary “water-PEPA” system on:
(a) specific electrical conductivity; (b) hydrogen ion concentration (pH).

As the polyethylene polyamine content increases up to 1.00-1.20 %, a
continuous rise in solution conductivity (from 4.90 to 368.00 uS/cm) and pH
(from 6.38 to 10.36) is observed. The pH shifts from near-neutral conditions (pH
= 6.38) to an alkaline medium (pH > 10) as hydroxide groups accumulate in the
aqueous phase, indicating a substantial increase in the fraction of ionized species.

3.2. Surface Properties of Ternary “Film Former—Water—Additive” Systems
at the Air Interface

Upon introduction of PEPA into the film-forming solution, a different
behavior is observed (Figure 4a and b).
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Figure 4 — Effect of polyethylene polyamine concentration in the ternary “film former-water-PEPA”
system on: (a) specific electrical conductivity; (b) hydrogen ion concentration (pH).

In contrast to the behavior observed in the “water-PEPA” system, the
increase in hydrogen ion concentration (pH) in the “film former-water-PEPA”
system was accompanied by the opposite effect — a decrease in electrical
conductivity as the additive concentration increased (Fig. 4a and b).

Moreover, the absolute values of conductivity (y) in the ternary system were
tens of times lower than those recorded for the binary system. This is confirmed
by the relative conductivity values o (1):

o=y1/y2 @)

where y: is the electrical conductivity of the binary “water—additive” system,

and y2 is the electrical conductivity of the ternary “film former-water-
additive” system.

Table 1 — Effect of additive concentration on the ratio of conductivity values o

Crera, % 0.2 0.4 0.6 0.8 1.0 1.2
@ 30.54 43.63 56.76 64.52 74.05 81.06

The resulting effect of acrylic binder macromolecules in the “film former—
water-PEPA” system, in which the water content is 69 %, on the surface activity
of polyethylene polyamine is clearly illustrated by the surface tension isotherm
(Fig. 1, curve 2). In the region of low additive concentrations (Ceepa < 0.4 %), the
polymer present in the composition induces the migration of non-ionized forms of
the polyelectrolyte to the air interface. This is evidenced by the observed decrease
in specific surface energy. The maximum reduction in surface tension (Ac =
14.56 mN/m) was recorded at Cpepa = 0.4 %. This decrease in specific surface
energy was observed in a weakly alkaline medium (pH = 8.91) at a specific
electrical conductivity of 5.57 mS/cm (Fig. 3a and b).

Further addition of polyethylene polyamine (above 0.4 %) promoted its
preferential localization in the bulk liquid phase rather than at the air interface:
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instead of a continued decrease, the surface tension remained constant at 34.03 +
0.07 mN/m (plateau on curve 2, Fig. 1). The appearance of a plateau at higher
PEPA concentrations indicates the development of association processes,
accompanied by a decrease in conductivity values (Fig. 3a) and an increase in pH
(Fig. 3b).

Spontaneous association of the acrylic film-forming macromolecules and the
polyelectrolyte upon reaching a critical association concentration (onset of the
plateau on curve 2, Fig. 1) is likely driven by electrostatic interactions between
ionized species, hydrogen bonding, and van der Waals forces. As the additive
concentration increases further, the degree of association rises and the mobility of
larger associates decreases, which accounts not only for the absence of surface
activity (o1 = const) but also for the observed reduction in specific electrical
conductivity (Fig. 3a).

4. Conclusion

In the binary “water—PEPA” system, polyethylene polyamine exhibits weak
interfacial activity due to its quantitative dissociation resulting from protonation
of amine groups by water, accompanied by hydroxide ion formation. As the
PEPA concentration increases to 1.00-1.20 %, a steady rise in conductivity from
4.90 to 368.00 uS/cm and a simultaneous increase in pH from 6.38 to 10.36 are
observed.

In the ternary “film former-water-PEPA” system, the reduced extent of
PEPA dissociation due to the lower solvent content (69 %) enhances its surface
activity at the air interface. The maximum reduction in surface tension (Ac =
14.56 mN/m) was recorded at a PEPA concentration of 0.4 %. The highest
surface activity effect was achieved in the weakly alkaline region (pH = 8.91) at a
specific electrical conductivity of 5.57 mS/m.

Conflict of interest: The authors declare that there is no conflict of interest between the authors
that requires disclosure in this article.

K¥PAMBIHAA AMHH BAP KOCITAHBIH KATBICYBIMEH AKPWJI
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Tyiiingeme. Kipicne. Tlomumepiik AucHiepcusiap HETI3IiHAET Cy apKbUIbI CYHBUITBUIATHIH JIaK-00sy
MaTepHalgapbl SKOJOTMSUIBIK JKYKTEMEHI TOMEHAETY JKOHE OHIIpy MEH KOJJaHy Kayilci3airine
KOUBUIATBIH TaJANTapABIH apTyblHA OaiIaHBICTBI KaOBIHAApIBI NAMBITYIbIH OackM OaFbITBI peTiHJE
KapacTeipbitanbl. COHBIMEH Karap Cy HETi3iHAeri akpuil JHCIepcHsuapbl IUIEHKA Ty3ilyi, ¢asanap
apaiblK e3apa OPEKETTECYJep JKOHE BUIFANABIH OCEpiHE TO3IMIUTIKKE OalIaHBICTHI TEXHOJIOTHSIIBIK
mIeKTeyJepin cakraiapl. KacuerTrepai skakcapTylIblH NEpCIEKTUBANbI OaFrbITTAPBIHBIH Oipi — 3apsATHIK-
aCCOLMAIMSIIBIK TIPOLIeCTepAl JkoHe (hasanap apajiblK KaOaTThIH KYPBUIBIMBIH peTTeyre KaOineTTi
aMHUHKYpaMIIpl OeTki-OenceHai 3arrapAbl eHrisy. JKymeicmouly Makcamel Cy HETI3IHAETT aKpHi
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JUCTIEPCHSICBIHBIH OCTKI )KOHE KOJEeMJIIK KaCHEeTTepiHe aMHUHKYpPaM/Ibl KOCIIAHBIH dCEpPiH aHBIKTAy >KOHE
(dazanap apanblk OeJNCEHIUTIK MNEH KOMIOHEHTTEPIIH KeJIeMIe KYpbUIBIMIAHYBIHBIH ©3repyiH
afKBIHOANTBIH (pakTOpiapasl Oenriney Oommsl. 3epTIey MiHAETTEpiHE «CYy—KOCIa» MKOHE «aKpHII
JHMCTIEPCHACHI—CY—KOCIIay JKYHeNnepiHiH MiHe3-KYJIKbIH CalbICTBIPY, COHIAi-aK NPOTOHAAIIFAaH JKOHE a3
HOHJAJFaH Kocma QopMmaiapbelHbIH KeieM MeH (azanap apaiblk LIeKapa apacblHIa KadTa OeliHy
cebentepin Taympay Kipai. Odicmepi. Dazanap apanblk cunarramaiap ACAM cepusiibl acnanrappa
Tammbl npoduiiH  OeiiHeripkey koHe IOHr-Jlammac TeHACyiHe HETi3AENTeH TaMINbl IMIiHIH
annpoKcUMalusuiay ofici apkpuibl ecenTengi. Kenmemumik KacuerTep KOHIYKTOMETpHs (MEHIIIKTI
3JIEKTPOTKI3TIIITIK) JKOHE MMOTEHIIMOMETPHS saicTepimeH, aMHHKYPaM/Ibl Kocma -
MOJIMATHIICHIIONMAMUHHIH MOJILIEPiH e3repTe OTbIPbIN, CYTEKTIK KepcerkiwuTi (pH) esmmey apKbuibl
Oakputayra anblHIbl. Homuowenep men mankviiay. Cy opTachlHAa KOCHAaHBIH (azamap apaibiK
OesiceHaiNiri MIeKTeyJal eKeHi KepceTunai. AKpui IUCIEpCHACHIHBIH KaThICYbIHAA (a3zamap apaibik
ocepaiH Kkymetoi Oalikamajbl, Oyl KOCHAHBIH IUIEHKA TY3YIIiHIH (QYHKIMOHAIABIK TONTApbIMEH
crenu(UKAIBIK 63apa 9peKeTTeCyIepre TapThLUIYbIH XKOHE OHBIH OCT IEH KeJIeM apachlHIa TapalybIHbIH
o3repyiH kepceteai. KopbimuinOvl. ANBIHFAH HOTHIKEEP MONUATHICHIIONMAMUHAL Cy HETi3iHIeri akpui
JUcriepcHsiIapbiHaarsl  (asanap apajiblK JKOHE KOJEeMIIK MpoLecTepai OacKapyablH THIMII Kypasbl
peTiHAe KONAAHYIbl HETi3NEHAi KOHE Cy apKbUIbl CYHMBUITBUIATBIH OKaObIHAApAbl d3ipieyne
naiaanaHbUTy bl MYMKIH.

Tyiiin ce3mep: cy-muCnepCHsUIbI JIaK-00sly MaTepHaIAaphl; aKpUI AUCIEPCHUsICh; aMUHKYPaMIbl KOCIA;
(azanap apasbIK e3apa speKeTTecynep; OeTKi-KeIeMIiK KaCHeTTep.
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Pe3tome. Bseoenue. BonopazbaBiseMble TaKOKPACOUHBIC MATEPHAIIBI HA OCHOBE IIOJIUMEPHBIX IUCIICPCHI
paccMaTpUBAIOTCS KaK MPHOPUTCTHOE HANpPABICHHE pAa3BUTHS MOKPHITHI BCICACTBHE CHIDKCHHUS
9KOJIOTHYECKON HArpy3KH M TMOBBIIICHHsS TPeOOBaHHH K GE30MAaCHOCTH MPOHM3BOACTBA M MPHUMCHEHHS.
BMecte ¢ TeM BOJHbBIE aKPHIIOBBIC HUCIICPCHH COXPAHSIOT TEXHOJIOTHUECKHE OTPAHHYCHHSI, CBSI3aHHbIC C
(bopMHpoBaHHEM IUIEHKH, MEXK(a3HbIMH B3aUMOJCHCTBHAMH U YCTOHYMBOCTBIO K BO3JCHCTBHIO BJIAru.
OmHUM W3 TEPCIeKTHBHBIX IMyTEH YITydIICHHsS CBOWCTB SBISIETCS BBEICHHE aMHUHOCOACPIKAIIHX
MMOBEPXHOCTHO-aKTUBHBIX BEIIECTB, CIIOCOOHBIX PEryIHPOBATh 3apsI0BO-aCCOIMATHBHBIC MPOLECCH U
CTPYKTYpy MexdasHoro cios. [envio pabomer SBISIOCH yCTAaHOBICHUE BIMSHUS aMHHOCOJEpIKallei
I0GaBKI Ha MTOBEPXHOCTHO-00BEMHBIE CBOMCTBA BOJHOM aKPIJIOBOH IHCIIEPCHH U BBISIBICHHE (HaKTOPOB,
OMPEICTSIOINX H3MEHEHHE MeX(ba3HOW aKTHBHOCTH M CTPYKTypPUPOBAaHHS KOMIIOHGHTOB B 0OOBEME.
3adauu uccredosanusi BKIIOYATIH CONOCTABICHHC IOBEICHUS CHCTEMBI «BOIA—aJIUTHB» M CHCTEMBI
«aKpuiioBas  JUCHEpPCUS—BOJIa—  aJQUTHB», a Takke aHalW3 [PUYHH  [epepacrpeeieHus
MPOTOHM3UPOBAHHBIX M MEHEC MOHM3UPOBAHHBIX (hOPM J00ABKH MEKIY 00BEMOM W TpaHHICH pasiena
ba3. Memoowl: MexdasHble XapaKTEpPUCTUKU OICHUBAIM Ha ycTaHOBKe cepuu mnpubopos ACAM c
BUjIcOperkcTpanieil npoduias Kaluld W pacdéToM MapaMeTpoB MeK(a3HOro COCTOSHHS METOAOM
anmpokcuMaimu  GopMbBl  Karuid Ha OcHOBe ypaBHeHus IOwra-Jlammaca. OObEMHBIE CBoOifcTBa
KOHTPOJIMPOBATIH METOAAMH KOHIYKTOMETPUH (yIENbHAs 3JIEKTPOIPOBOJHOCTB) M MOTCHIMOMETPHH C
U3MEpEeHHeM BOAOPOAHOro Tokasatens (pH) mpu BapbHpOBaHHH COJCPIKAHHS aMHHOCOJAEpPIKAIIEeH
I00aBKY MONMSTUICHIIONUAMUHA. Pe3ynomamer u 06cysrcoenue: TIOKa3aHO, 9YTO B BOTHOH cpene nobaBKka
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MIPOSIBIISICT OIPAHUYCHHYIO MEXK(a3HYI0 aKTUBHOCTb. B MPUCYTCTBHM akpHIOBOH AuCTiepcuH MexdazHbIi
3¢ GeKT ycuiaMBaeTcs, YTO yKas3hbIBA€T HA BOBIICUCHHE 00ABKH B CrelH(HUISCKHE B3aUMOJCUCTBUS C
(YHKUMOHANBHBIMU TPYNIIAMU  IUIEHKOOOpA3yIoIero M Ha HM3MEHEHHEe €€ paclpeleNieHus MEeXay
MOBEPXHOCTBI0 M 00BEMOM. 3axnwouenue. IlomydeHHbIe pe3ylabTaThl OOOCHOBBIBAIOT HCIIONB30BAHUE
MOJIMATHIICHIIONHAMUHA KaK HHCTPYMEHTA YIpaBJICHUS Mex(a3HbIMH M OOBEMHBIMU IIpOIECCaMU B
BOJIHBIX AaKPWJIOBBIX JAUCIHEPCUSIX M MOTYT OBbITh NPUMEHEHBI INPU pa3paboTKe BOJIOPa30aBISIEMBIX
TIOKPBITHHA.

KiiroueBble cJI0OBa: BOJHO-AWCIICPCHOHHBIC JAKOKPACOYHBIC MAaTEpHAbl; aKPWIOBAs HCICPCHUS;
aMHUHOCO/ICPIKAILUI aITUTHB; MeK(a3HbIe B3aUMO/ICHCTBISI, TOBEPXHOCTHO-00bEMHBIE CBOICTBA.
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Ocmposnas [apws IOpvesna Hoxmopanm

Bui1306a IOnus Cepzeesna PhD, accoyuuposannuiii npogeccop

Jlyuenko Auda Anexcanoposna PhD, accoyuuposannuiii npogpeccop
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Abstract. Conventional surgical sutures should be removed after wound healing, because they
cause additional pain and discomfort for the patients. Polylactide (PLA) is an aliphatic polyester derived
from the renewable resources, which is biocompatible and biodegradable; however, its relatively high
stiffness can limit its surgical applications. This study has the purpose to develop biodegradable surgical
sutures based, on PLA and poly(vinyl alcohol) (PVA), and to investigate their physicochemical,
mechanical, and biodegradation properties. To reduce PLA stiffness, PLA has been blended with PVA to
form composite fibers. The fibers have been prepared from the polymer blends, using ultrasonic treatment
to improve mixing. The blend homogeneity has been assessed, using UV-Vis spectroscopy, chemical
structure has been characterized by the IR spectroscopy, and surface morphology has been investigated by
scanning electron microscopy (SEM). The SEM has revealed changes in the surface morphology and
gradual degradation of the fibers over a 16- week period, which has also been supported by the mass-loss
measurements in soil. The mechanical properties have been determined according to ASTM D2256. AN
incorporation of PVA has increased fiber extensibility and elasticity, and the PLA-PVA composition
(20:80 wt.%) has shown the most favorable mechanical performance among the tested formulations.
Overall, the results suggest that the PLA-PVA composite fibers are promising candidates for absorbable
surgical suture materials.
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1. Introduction

The biodegradable absorbable sutures have become essential in the surgical
practice, since they eliminate the need to remove and minimize the tissue
reaction. Polylactide (PLA) is a widely used biodegradable polymer, known for
its biocompatibility and high strength. PLA-based sutures gradually hydrolyze
into harmless products (CO:. and H:0) in vivo, avoiding the pain and
complications of suture removal. They have been successfully applied in many
types of surgeries, including internal organ operations and cosmetic procedures.
However, monofilament PLA sutures can be relatively stiff and have a long
resorption period, which may not meet all surgical requirements. To improve
flexibility and performance, blending PLA with another biopolymer is a
promising approach [1- 5].

Polyvinyl alcohol (PVA) is a biodegradable, water-soluble polymer that has
found use in medicine (e.g., as a component of absorbable surgical threads,
implants, and drug delivery systems) due to its biocompatibility and flexibility.
Combining PLA with PVA could yield a composite fiber that leverages the
strength of PLA and the flexibility of PVA. A major challenge in creating a
PLA/PVA blended fiber is the incompatibility of the two polymers — they do not
share a common solvent and can interact to form complexes that cause phase
separation. Recent research has explored multi-block copolymers and composite
fibers to address such challenges. In this study, we employ an ultrasonic solution
blending method to produce a PLA-PVA block copolymer fiber and investigate
its physicochemical properties as a potential biodegradable surgical suture. The
work focuses on developing improved PLA-based biodegradable fibers and
examining their mechanical properties and biodegradability. [6—7].

2. Materials and Methods

Polylactide (PLA) and polyvinyl alcohol (PVA) were used as the base
polymers for fiber preparation. Tetrahydrofuran (THF) (as a solvent for PLA) and
water (as a solvent for PVA) were used to dissolve the polymers. All reagents
were of analytical grade [4-7].

Preparation of PLA-PVA Solution: To obtain a homogeneous polymer
blend, a cosolvent approach was adopted. PLA was dissolved in THF to make a
1.5wt.% solution, and PVA was dissolved in water to make a 3wt.% solution. The
PVA solution was gradually added to the PLA solution under continuous stirring.
A preliminary solubility test was performed by mixing varying proportions of the
two solutions and monitoring clarity (UV-Vis spectroscopy was used to monitor
solution transmittance). It was found that adding up to approximately 10wt.% of
the PVA solution (water content) to the PLA/THF solution did not cause
turbidity. Therefore, the final PVA:PLA mass ratio was kept at 90:10 (i.e.,
10wt.% PLA, 90wt.% PVA in the mixture) to ensure a homogeneous blend
without precipitation [8,12].

Ultrasonic Treatment and Block Copolymer Formation: The combined
PLA/PVA solution (at 90:10 ratio) was subjected to ultrasonic treatment to induce
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block copolymer formation between PLA and PVA. Ultrasonication was carried
out for a fixed duration (20minutes) at room temperature, using an ultrasonic bath
(35kHz) to promote polymer-polymer interactions. This process yields a PLA—
PVA block copolymer in the solution. The resulting mixture was then centrifuged
to isolate any formed polymer complex (precipitate). The precipitate was
collected and washed to remove the unbound homopolymer. [9-10].

Isolation and Purification: The synthesized PLA-PVA product was purified
by the selective solvent extraction. The precipitated polymer was first soaked in
the fresh THF for 24 hours to dissolve and remove any unreacted PLA
homopolymer. Subsequently, the remaining solid was soaked in water for 24
hours to remove any unreacted PVA. The recovered solid block copolymer was
dried to constant weight in a vacuum oven. The yield of the block copolymer was
determined gravimetrically by comparing the dried mass of the product to the
initial total polymer mass.

Solubility and Swelling Tests: To evaluate the behavior of the PLA-PVA
material in various media (relevant to bodily fluids and processing solvents), the
pieces of the dried copolymer sample were immersed in different liquids: distilled
water, physiological saline (0.9% NaCl), dimethylformamide (DMF), ethanol, and
n-hexane. Swelling or dissolution was observed qualitatively after 24 hours at the
room temperature, and categorized as “no change (-)”, “slightly swollen”, or
“fully swollen/dissolved.”

3. Results and Discussion

Obtaining of biodegradable filaments, based on polylactide, and study of
their physicochemical properties

The Formation of Homogeneous PLA/PVA Blends: The initial challenge
was to find a common solvent system for PLA and PVA. PLA is soluble in
organic solvents like THF, whereas PVA is soluble in water, but not in THF. We
gradually combined the two solutions while monitoring clarity. It was observed
that up to 10wt.% of PLA (in THF) could be introduced into the PVA aqueous
solution (or vice versa) without phase separation. Beyond a PLA fraction of about
10%, the mixture turned cloudy and a precipitate formed. This cloud point
indicates the formation of an interpolymer complex between PLA and PVA when
one polymer’s concentration becomes too high. Figure 1 shows the appearance of
the polymer mixture: at a PVA:PLA ratio of 90:10 (by mass) the solution remains
transparent, whereas higher PLA content leads to precipitation. The successful
blending at 90:10 suggests that a block copolymer or complex forms in small
amounts but remains colloidally stable at lower PLA content [8, 11-13].

This finding guided the preparation of the fibers. The block copolymer
formation during ultrasonicationwas further confirmed by FTIR spectroscopy. In
the FTIR spectrum of the PLA-PVA precipitate (complex), the characteristic
absorption bands of PVA (such as the O-H stretching around 3300cm™) were
greatly diminished or no longer visible, and the intensity of the PLA carbonyl
band (~1750cm™) was significantly reduced compared to pure PLA. This
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suggests strong intermolecular interactions (likely hydrogen bonding) between
PVA and PLA chains in the complex.

=
s gt
¥ {

Figure 1 - Visual appearance of the PLA/PVA polymer mixture. The solution remains clear up to the
PLA fraction of ~10 wt.% (left), while in case of the higher PLA content (right) the mixture becomes
cloudy due to the polymer-polymer complex formation.

The disappearance of the distinct PVA peaks in the blend spectrum indicates
that the PVA hydroxyl groups are involved in bonding with PLA, contributing to
the formation of the PLA-PVA block copolymer. Figure 2 displays the IR spectra
of pure PVA, pure PLA, and the PLA-PVA complex. In the complex, absorption
peaks unigue to each homopolymer are attenuated, confirming the successful
integration of the two polymers at a molecular level [8, 11, 13].

Absorbance

L, cm

Figure 2 - FTIR spectra of pure PVA, pure PLA, and the PLA-PVA block copolymer. The spectrum of
the PLA-PVA product shows the reduction of PVA’s O-H bands and PLA’s C=0 band, indicating the
formation of a combined polymer complex.

After the ultrasonic synthesis and solvent extraction steps, the yield of the
PLA-PVA block copolymer was high. Most of the PVA and PLA were
successfully linked or entangled in the precipitated product. A small fraction of
PLA remained unreacted (dissolved in THF and removed in the first extraction).
The yields for different initial PLA ratios are presented in Table 1. As the initial
PLA content in the mixture increased from 10% to 30%, the fraction of unreacted
PLA also increased slightly (from 4.3% to 7.4%), and consequently the
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copolymer yield decreased from 95.7% to 92.6%. This trend is expected because
higher PLA content makes it more challenging for all PLA chains to find PVA
partners to bond with, leaving some PLA homopolymer free [9-10].

Despite the slight decrease in yield at higher PLA content, the overall high
yield (>92%) indicates the ultrasonic blending method is effective for creating
PLA-PVA copolymers. The presence of any unreacted PLA (particularly at
30wt.% initial PLA) suggests that some PLA remained as separate phases or did
not fully integrate, possibly due to its higher molecular weight fractions that were
less susceptible to ultrasonic breakup and coupling.

Table 1 - Unreacted PLA and block copolymer yield for different initial PLA fractions in the mixture

The proportion of PLA in the Unreacted homopolymer block copolymer yield, %
initial mixture, % (PLA), %
10 43 95.7
20 5.8 94.2
30 7.4 92.6

Despite the slight decrease in yield at higher PLA content, the overall high
yield (>92%) indicates the ultrasonic blending method is effective for creating
PLA-PVA copolymers. The presence of any unreacted PLA (particularly at 30
wt.% of the initial PLA) suggests that some PLA remained as separate phases or
did not fully integrate, possibly due to its higher molecular weight fractions that
were less susceptible to the ultrasonic breakup and coupling.

Solubility and Swelling Behavior: The resulting PLA-PVA copolymer fibers
were tested for solubility and swelling in various solvents, as it was summarized
in Table 2. In water and in 0.9% saline (which simulate physiological conditions),
the fibers did not dissolve. They showed only slight swelling in saline solution
and essentially no swelling in pure water. This is a favorable result, indicating that
the material is water-insoluble and would retain integrity when used as a suture in
body fluids (saline represents blood or tissue fluid). In organic solvents, the fibers
behaved differently: in dimethylformamide (DMF) and n-hexane, the material
swelled significantly. These solvents can penetrate and plasticize or partly
dissolve one of the components (DMF is a good solvent for PVA and moderate
for PLA; n- hexane can swell PLA). Ethanol caused no swelling or dissolution,
likely because neither PLA nor PVA is significantly soluble in ethanol at room
temperature. The solvent resistance in aqueous media confirms that the PLA-
PVA threads will remain intact during the wound-healing period, yet the material
can still absorb some fluids (slight swelling) which might be beneficial for knot
tightening and drug release if used as a delivery vehicle [6-7, 11, 13].
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Table 2 - Swelling behavior of PLA-PVA (5/95, 10/90, 15/85 by wt.%) block copolymers
in different solvents

Solvents Initial reaction mixture composition, PLA-PVS Mol,%
05-95 10-90 15-85
Water - - -
NacCl(0,9%) slightly swollen slightly swollen slightly swollen
Dimethylformamide swollen swollen swollen
Ethanol - - -
n-hexane swollen swollen swollen
Note: “~” indicates no noticeable swelling or dissolution.

Mechanical Properties of Fibers: Tensile testing was performed on fibers
with 10%, 20%, and 30% PLA content (balance PVA). The 10 wt.% PLA fiber
had a breaking force of 40.5 N and an elongation at break of about 13%.
However, this sample did not meet the ASTM D2256 requirements for surgical
sutures (in terms of minimum strength for a given size). The 20 wt.% PLA fiber
showed a breaking force of 49.9 N and elongation of 11.7%, which did meet the
required standard. The 30 wt.% PLA fiber had a breaking force of 51.0 N and
elongation of 17%, but interestingly this sample, despite a higher load capacity,
did not meet the standard’s requirements either (likely due to an overly high
elongation or other criteria such as knot security not measured here). The data
indicate that incorporating a moderate amount of PLA (around 20%) into PVA
yields the strongest fiber that still retains adequate flexibility without becoming
too much stiff or brittle. [3, 18-19]

For all samples, the stress—strain curves indicated that the incorporating PVA
into the blend markedly increased the fiber elasticity (strain at break), as
compared with the neat PLA. PVA is a ductile polymer, and its inclusion
improved the ultimate elongation. At the same time, the presence of PLA
provided the reinforcement of strength. The 20% PLA fiber achieved the best
balance of strength and flexibility. By adjusting the PLA/PVA ratio in the
copolymer, it is possible to tune the mechanical properties of the suture fibers.
This tunability is advantageous for meeting different surgical needs (e.g., some
applications might prefer a higher stiffness, others - more elasticity). Figures 3-5
illustrate the stress—strain curves for the samples with 10%, 20%, and 30% PLA,
respectively, demonstrating the differences in the tensile performance. [3, 18]

The improvements in the mechanical properties with the addition of PVA
can be attributed to the formation of the PLA—PVA block copolymer which likely
results in a phase-separated morphology of hard (PLA-rich) and soft (PVA-rich)
domains. Such morphology can increase toughness. The presence of PVA (a
flexible polymer) in the matrix helps to absorb energy and to prevent the crack
propagation, while PLA provides reinforcement. In short, the PLA/PVA ratio
effectively determines the tensile strength and ductility of the fibers [11, 13].
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Figure 3 — The stress—strain curve of the PLA/PVA 10/90 (wt.%) fiber sample. The fiber shows a
moderate strength (breaking load ~40 N) and relatively a high elongation (~13%).
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Figure 4 — The stress—strain curve of the PLA/PVA 20/80 (wt.%) fiber sample. This composition
exhibits the highest tensile strength (~50 N) with ~12% elongation, meeting the standard requirements for
the surgical suture materials.
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Figure 5 — The stress—strain curve of the PLA/PVA 30/70 (wt.%) fiber sample. The strength
(~51 N) is high, but the elongation (~17%) is larger; this sample did not meet one of the standard criteria
(likely due to its mechanical profile outside the optimal range).

The Suture Handling Properties: In the practical surgical use, sutures should
not only be strong, but also be well handled — they should tie securely into knots
without slipping, and have sufficient flexibility. All the prepared PLA-PVA fiber
samples were observed to tie knots easily. The 10% PLA fibers, being very
pliable (due to high PVA content), were easiest to knot, but somewhat weaker.
The 30% PLA fibers were the strongest, but slightly stiffer, which could make
knot tying more difficult. The 20% PLA fiber struck a good middle ground,
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maintaining flexibility while providing a high strength. These qualitative
observations align with the quantitative tensile results. In general, modern
surgical suture materials require a combination of strength, flexibility, knot
security, and predictable absorption time. The PLA- PVA fibers developed here
meet those general requirements: they are biocompatible, sufficiently strong, and
have good handling characteristics due to the PVA component. [1-3]

In Vitro Degradation (SEM Analysis): Biodegradability is a critical feature
of absorbable sutures. The PLA-PVA fibers were designed to gradually degrade
in the body. SEM images of the fiber surface at different degradation times are
presented in Figure 6. Initially (Figure 6a), the fiber surface is relatively smooth
with slight texture from the extrusion process. After 8 weeks in phosphate-
buffered saline (Figure 6b), the surface shows noticeable roughening: the
smoothness has disappeared and small cracks or pits are evident. By 16 weeks
(Figure 6¢), the fiber surface is extensively eroded with many more cracks and
some fragmentation visible. This progressive development of surface porosity and
cracking confirms that the fibers biodegrade over time in a simulated
physiological environment. The degradation appears to initiate at the surface and
work inward, which is typical for hydrolytically degradable polymers like PLA
(surface erosion is enhanced by water penetration into amorphous regions). The
uneven degradation pattern (localized cracks) may be due to the two-phase nature
of the material — PVA-rich domains might erode faster (being hydrophilic)
leaving behind PLA-rich regions until they too break down. The SEM evidence
supports that after several weeks, the structural integrity of the fiber will diminish
as needed for absorption in tissue. [14-17]

Figure 6 - SEM images of PLA-PVA fibers at different degradation times: (a) initial (no degradation),
(b) after 8 weeks in PVA at 37 C, and (c) after 16 weeks. The initially smooth fiber surface develops
roughness and cracks over time, indicating the gradual biodegradation of the suture.
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Accompanying the physical changes, there was measurable mass loss of the
fibers over time. A higher PLA content generally slows the degradation because
PLA is more hydrophobic and degrades slower than PVA. This effect was
observed in the soil burial test results (which provide an environmental
perspective on degradation) shown in Table3. After 8 weeks being buried in soil,
the sample with 10% PLA retained only about 17% of its original mass (0.0212g
of 0.121g), whereas the sample with 30% PLA retained about 35% of its mass
(0.05315g of 0.1503g). The 20% PLA sample was intermediate, with about 32%
remaining (0.0532¢g of 0.1660g). The trend across 1, 3, and 8weeks illustrates that
all samples lose mass over time (indicating biodegradation), but higher PLA
content yields slower mass loss. This is consistent with PLA’s known slower
biodegradability relative to PVA. Notably, even the 30% PLA sample lost more
than 60% of its mass in 8 weeks, confirming that the block copolymer remains
biodegradable despite the presence of a substantial fraction of the more
recalcitrant PLA. The combination of PLA with PVA thus allows tuning the
degradation rate: more PVA leads to faster degradation (which might be useful
for fast-healing tissues), while more PLA prolongs the suture’s presence (for
wounds that need longer support). [8, 14-15]

Table 3 - Biodegradation of PLA-PVA fibers under soil burial conditions (Remaining mass of samples
over time)

The proportion of initial weight, 1 pound, g/g 3 pound, g/g 7 pound, g/g
PLA in the initial a/g
mixture, %
10 0.1215 0.0735 0.0357 0.0212
20 0.1660 0.1183 0.0728 0.0532
30 0.1503 0.1263 0.1135 0.05315

The loss of mass and structural integrity over time demonstrates that the
PLA-PVA sutures are indeedbiodegradable. In surgical terms, this means the
suture will gradually weaken and be absorbed by the body, aligning with the
healing timeline so that the suture’s support is present only as long as needed. The
differences between compositions suggest that by varying PLA content one can
tailor how long the suture persists: e.g., 30% PLA might be used when a longer
support period is desired, while 10% PLA might be suitable for faster-healing
tissues. [14, 17]

The Proposed Production Technologies: Based on the experimental findings,
we propose two approaches to produce the PLA-based sutures on a larger scale:

Method 1. Precipitation (Wet) Spinning of PLA: In this approach, a PLA
solution of a relatively high concentration (>25% w/v in a suitable solvent) is
prepared. This viscous solution is pumped through a spinneret (a nozzle with the
fine orifices) into a coagulation bath, containing a nonsolvent (for example,
ethanol or water). As the PLA solution jets enter the bath, PLA precipitates into
solid filaments. These filaments are drawn out and wound onto a spool. The
process may be aided by an applied electric field or just by the force of extrusion.
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The fibers can then be washed and dried. This method is analogous to traditional
wet spinning, where a polymer is precipitated from solution into fibers. Figure 7
illustrates this method: a reservoir holds the PLA solution, which is extruded
through capillaries into a coagulation bath, and the resulting fiber is collected on a
take-up roll. This method could produce pure PLA fibers; however, it may not
directly yield a PLA-PVA blend fiber unless PVA is also integrated (which is
challenging since PVA isn’t soluble in the same solvent). Thus, this method is
mainly considered for PLA alone or if a second polymer can be co-spun. [3, 12]
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Figure 7 - Schematic of precipitation (wet) spinning for PLA fibers: The PLA solution is extruded
through a spinneret into a coagulation bath, forming fibers that are stretched and collected on a spool.

Method 2: Solution Mixing and Wet Spinning of PLA-PVA: This approach
stems from our laboratory process. Here, calculated amounts of PVA solution and

PLA solution are first mixed in a reactor (as we did in small scale) to form a
homogenous spinning dope containing both polymers. This mixed solution is then
fed to an extrusion system. (1) The mixed PLA/PVA solution is loaded into a
spinning pump, (2) extruded through a multi-hole spinneret into a coagulation
bath (water or another non-solvent that precipitates both polymers together),
forming a fiber that contains intimately mixed PLA and PVA. (3) The fiber is
drawn through the bath and can undergo stretching (to align polymer chains and
improve strength) and washing. Finally, (4) the fiber is collected on a bobbin and
dried. Additional post-treatments (like cross linking or coating) can be applied if
needed. Figure 8 shows a proposed flow diagram: two input streams for PLA and
PVA solutions combine, and then go through the spinneret into a bath, followed
by rollers for stretching and a winding system. This method allows co-spinning of
PLA and PVA, effectively implementing the laboratory synthesis in a continuous
fiber production process. It is a wet-spinning variant tailored for two polymers. [3,
12]
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Figure 8 - Proposed technological scheme for producing PLA-PVA surgical suture fibers
(Method 2: solution mixing and wet spinning). 1 — Mixing reactor for PLA and PVA solutions;
2 — holding tank for spinning dope; 3 — coagulation bath; 4 — stretching and washing rollers;
5 — take-up spool (bobbin).

Between these two methods, the second is directly related to our research
outcome and is preferred for making PLA/PVA blend fibers. The first method
(precipitation spinning) could be an alternative for pure PLA fibers or potentially
used as a first step to create a core that is later coated with PVA. Further research
and development would be required to optimize these processes, such as adjusting
solvent choices, extrusion rates, coagulation bath composition, and draw ratios to
achieve fibers with the desired diameter and properties.

In summary, the results demonstrate that a block copolymer approach to
combining PLA with PVA is feasible and effective. The PLA-PVA fibers have
achieved the high tensile strength (nearly 50N for 20% PLA content in our
sample, which is comparable to, or better than some commercially available
absorbable sutures), and they show the predictable degradation behavior. The
ability to modulate the mechanical properties and degradation by simply changing
the PLA/PVA ratio gives this material a versatility for various medical
applications. The fibers also fulfill the general requirements for the suture
materials in terms of knotting behavior and handling. The proposed
manufacturing schemes provide a foundation for scaling up production of these
fibers, bridging the gap between the laboratory samples and the mass-produced
surgical sutures.

4. Conclusion

A novel biodegradable surgical suture material, based on a
polylactide/polyvinyl alcohol (PLA-PVA) block copolymer, has been developed
and characterized. By using an ultrasonic solution blending technique, we have
successfully combined PLA and PVA into a homogeneous fiber, overcoming the
challenge of their incompatibility. The PLA-PVA fibers have shown excellent
tensile properties, with the PLA 20% (wt.) content, yielding the strongest fiber
(breaking load ~50 N) that meets the standard surgical suture requirements. A
lower PLA content has increased flexibility, but reduced strength, while a higher
PLA content has increased strength marginally, but at the cost of knot security
and compliance. [1-3, 8, 11, 13-17]
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The fibers have been found to be biocompatible and absorbable. They have
remained intact in the aqueous environments, swelling only slightly in saline,
which is advantageous for maintaining the wound support during the initial
healing. The infrared spectroscopy has confirmed the formation of the
intermolecular bonds between PLA and PVA in the copolymer. The scanning
electron microscopy and mass loss measurements have demonstrated that the
sutures biodegrade gradually: the surface erosion and mass reduction have
occurred over weeks, and the rate of degradation can be tuned by adjusting the
PLA/PVA ratio. In particular, the fibers with a higher PVA content degrade
faster, which can be useful for the wounds that heal quickly, whereas those with a
higher PLA content persist longer for the extended support. [1, 3, 8, 11, 14-17]

The study has also proposed practical methods for scaling up the production
of the PLA-based sutures, including a co-spinning process for the PLA/PVA
blends. These methods can be further refined to produce fibers with the consistent
quality, suitable for medical use.

In conclusion, the developed PLA-PVA biodegradable sutures exhibit a
combination of the desirable properties: high strength, flexibility, and controlled
biodegradability. These threads are promising for surgical applications,
potentially improving patient outcomes by eliminating the removal procedures
and reducing the tissue reaction. The further studies will be focused on the in vivo
performance and will refine the fabrication process, while the current findings
support the potential of the PLA-PVA fibers as the next-generation absorbable
suture materials. [1-3, 8, 11, 13-19].
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HNOJUJIAKTU HETI3IHJAELT BUOBIIBIPAMTHIH XUPYPIUSIBIK KIITEPII AJTY
P.K. Paxmemynnaesa', /1. Beiioim', A.K. JKonoacéaee*, E. A. Tycynkanueg?,
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Tyitingeme. JlocTypni Xupyprusuiblk Tiric >KiINTepi »Kapa jXKa3pUIFAaHHAH KEWiH albIll TacTaydbl KaxeT
eresii, Oy ManuUeHTTepre KOCBHIMIIA aybIPCHIHY MEH KoJaWchiablK Tynabipansl. [omunakrung (IVIA) —
JKAHAPTBUIATHIH IIHUKI3aT KO3[EepiHEeH albIHATBIH, OHOYIIeCiMAl JKOHE OHOBIABIPANTHIH anu(aTThl
nonmddup; amaiiia OHBIH CalbICTBIPMAlbl TYpJAE >KOFApbl KaTTBUIBIFBI XHUPYPIUSUIBIK ToKipubOerne
KOJIIaHBUTYBIH IIeKTeYyi MyMKiH. Ocbl 3epTTeyniH MakcaTsl nonmmwiaktun (I1JIA) xoHe MoNMBUHUII CHMPTI
(IIBC) wHerizinge OHOBIABIPAWTBIH XHUPYPrHSUIBIK TITIC SKINTEpiH o3ipiey »MXoHe onapibiH  (usmka-
XUMHUSUTBIK, MEXaHWKalBIK KacHeTTepi MeH Ouoblmplpay KabOuteriH 3eprrey Oonmsl. [1JIA-HBIH
KaTThUIbIFbIH ToMmeHzaeTy yuiH ITJIA TIBC- neH apanacThIpbUIBIN, KOMIIO3UTTIK TAIIIBIKTAp TY3LIMI.
TammbiKkTap mHOIMMEp KOCHANapblHAH YIBTPAIBIOBICTHIK 6OHICY KOJNJAaHYy apKbUIbl alBIHIBL, Oyl
KOMIIOHEHTTEePIIH OipTeKTi apanacyblH KakcapTyFa MyMKiHIIK Oepni. KocmamapabiH OipTekriniri
YIIBTPAKYITIH-KOPIHETIH CHEKTPOCKOMHS OMIiCIMEH OaFanaH/bl, XUMHSIIBIK KYPBUIBIMBI HH(OPAKBI3BLT
CIIEKTPOCKOIHSI apKbUIBI TAIAaH/IbI, all 0ETKI MOP(OIOTHSICH CKaHEePJIEYIli EKTPOHIBIK MUKPOCKOIIHUS
(COM) kemerimen 3eprrengi. COM HoTmwkenepi 16 anrta imnHAE —TaJIIIBIKTapAblH — OeTKi
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MOPQOJIOTHSCHIHBIH ©3repyiH jKoHE OipTiHAen [erpajalsra YIIbIpayblH KOpPCETTi, OyJl TONbIpakTa
MacCaHBIH JKOFallyblH OJIIIeYy HOTWKEJEpiMeH Jie pactanipl. Mexanukanblk Kacuerrep ASTM D2256
cTaHnapThiHa colikec aHbIKTangbl. [IBC eHrisiayi TanmbIKTapblH CO3BUIFBIUTHIFEI MEH CEpHIMALTINIH
aprreipapbs, an [IJIA-TIBC (20:80 mac.%) KOMIO3HLMACH 3epTTENreH Kypamiap ilrHAe eH KOJailibl
MEXaHUKAIBIK CcUMmaTTamanapiasl kepcerri. JKammel anranjga, ansiaran  Hotikenep [1TJIA-TIBC
KOMIO3HUTTIK TaJIIBIKTAPBIHBIH COPBUIATBIH XUPYPTHSIBIK TIriC MaTepHaliiapbl PETiHAEe NepCHeKTHBAIIBI
KaHAUIATTAP CKEHIH JQJICIICH .

Tyiiinai ce3jep: MOMMIAKTHA, MOJMBUHII CHHPTi, XUPYPTHSUIBIK TIriC MaTepHajbl, OUOBIIBIPANTHIH,
KOMITO3UTTIK TAJIIIbIK, XHPYPTrUSUIBIK TATIIBIKTAD

Paxmemynnaesa Paiixan Kynvimoemosna XUMUSL 2bLILIMOAPBIHBIH KAHOUMANbl
beiioum Jlaynem MA2UCmpaHm

Konoacoaes Anmam Mazsucmpanm

Tycynkanuee Epcin Aduemosuu MEXHUKA 2blAbIMOAPbIHbIY, KAHOUMAMmbl
Toxmaobaesa Acenv Kvipzvizoaeena XUMUSL EbLTIMOAPBIHBIY KAHOUMAMbl
Kaiinapoaesa Kanua Hypoexosna mazucmp

TMOJYYEHUE BUOPA3JIATAEMBIX XUPYPTUYECKUX HUTEA HA OCHOBE
MNOJIMJIAKTHIA

P.K. Paxmemynnaesa', /. Beiioum?, A.K. Konoacoaes',E.A. Tycynkanues?,
A.K. Toxmaéaesa™™, JK.H. I(atinap6aesa2

'Kazaxckuii nayuonansuwiii ynusepcumem umenu anv-Dapabu, Anmamot, Kazaxcman
240 «Hncmumym xumuyeckux nayk um. A.5. Bexmyposay, Anmamul, Kazaxcman

AnHoTanus. TpaauuMOHHbBIE XUPYPrHYECKHE LBl HEOOXOAUMO YAAIISATD MOCHIE 3)KUBJICHHUS PaHbl, YTO
BBI3bIBAECT JIONOJHUTENbHYIO Oosib M jauckoMmbopr y mnauueHtoB. Ilommmakrtun (ITJIA) - »to
anudaTHyecKuil TOJIMACTEP, II0JIyYaeMblii M3 BO30OHOBIIIEMBIX PECYPCOB, KOTOPBIH sIBIsIeTCS
OHMOCOBMECTHMBIM U OHOpa3IaracMbIM; OIHAKO €r0 OTHOCHUTENIBHO BBICOKAS JKECTKOCTH MOXET
OrpaHUYUBaTL €ro IpPHUMEHEHHEe B XHUPypruu. Llenblo HaHHOrO HcclieoBaHUs OBbUIO pa3paboTaTh
OuopasnaraeMble XUpyprudeckre mssl Ha ocHoBe I1JIA u momuBurmIOBOrO ciupta (IIBC) 1 n3yunts ux
(bHU3UKO-XMMHUUECKHE, MEXaHW4eCKue CBOWCTBa M Onopasznaraemoctb. [l cHmkeHus sxectkoctu I1IA,
TIUTA cmemmBanu ¢ TIBC mis oOpa3oBaHHs KOMIIO3MTHBIX BOJIOKOH. BOJIOKHA monyvanu W3 cMecei
MOJMMEPOB C  HCIOJIB30BAHUEM  YIBTPAa3BYKOBOW OOpabOTKM A YJIy4IIEHHsS CMELIMBaHUS.
OHOPOJHOCTE CMeCeH OLEHHBAIM C IOMOIIBIO  YIbTPAapHOIETOBO-BUAUMONH  CIIEKTPOCKOIUH,
XUMHYECKYIO CTPYKTYPY aHAIU3HPOBAIM C IOMOILBIO MH(MPAKPACHOH CIEKTPOCKONHUH, & MOP(HOIOTHIO
ITOBEPXHOCTH HCCIIEIOBAIM C IIOMOINBI0 CKAaHUPYIOIIEH 3JIeKTpoHHOH Mukpockormu (COM). COM
BBISIBUJIA M3MCHEHHSI MOP(OIOTUH ITOBEPXHOCTH M IOCTEIICHHYIO JETPajalliio BOJOKOH B TeUcHHE 16
HeJleNb, YTO TAKXKE MOJTBEPIKAACTCS M3MEPEHUSIMH IOTEPH Macchl B moyBe. MexaHHYecKue CBOMCTBa
OIPENeAINCh B COOTBETCTBHU co craHgaproM ASTM D2256. Bxmouenme IIBC yBemmumio
PacTsDKMMOCTB M 9JIACTHYHOCTH BOJIOKOH, a komno3suiwms [1IJTA— TIBC (20:80 mac.%) nokasana Haubosnee
OJIaronpusATHBIE MEXaHHYECKHE XapaKTEPHCTHKU CPEAN MCCIIeIOBAHHBIX COCTABOB. B 1enom, pesyibrarst
CBHUJIETENILCTBYIOT O TOM, 4TO KommnosutHble BosiokHa [IJIA-TIBC sBnsitoTcst mNepcreKTHBHBIMU
KaHJMJaTaMH ISl PACCachIBAIOLIMXCS XUPYPIrHYECKHX IIOBHBIX MaTEPHAJIOB.

KioueBsble cjioBa: TIOJIUJTIAKTHU T, TTOJTUBHHUIIOBBIN CIINpT, XI/IpypI‘I/I‘IGCKI/Iﬁ IIOBHBINA marepuali,
6H0pa3naraeMLH71, KOMIIO3UTHOC BOJIOKHO, XUPYPTUICCKHUE BOJIOKHA

Paxmemynnaesa Paiixan Kynvimoemosua KaHOUOAm XUMUYECKUX HAYK
Beiioum /laynem Mazucmpanm

HKonoacoaes Anmam Mazucmpanm

Tycynkanuee Epcin Aduemosuu KAHOUOAm MexHU4ecKux Hayx
Toxkmabaesa Acenv Kvipzvizoaeena KAHOUOAM XUMUYECKUX HAVK
Kaiinapoaesa Kanua Hypoexosnua mazucmp.
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ASSESSMENT OF THE BIOLOGICAL EFFECT OF 2,2-PROPAGYLOXY
BENZOIC ACID ON GRAINS OF SINGLE AND
DICOTYLEDONOUS PLANTS
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Abstract: Introduction. Oxygen heterocyclic compounds occupy an important place in modern
organic and medical chemistry. Tetrahydropyran derivatives in particular are widely studied due to their
structural diversity and biological activity. In this regard, the problem of agribilogy and phytochemistry is
to determine the biological activity of propargyloxybenzoic acid, an oxygenated derivative of 2,2-
dimethyltetrahydropyran-4 — on and propargylated salicylic acid in the grains of single and
dicotyledonous plants by the reaction of Favorsky. The purpose and objectives of the work is to study the
biological activity of seeds of single and dicotyledonous plants with the synthesis of a new oxygenated
heterocyclic compound based on 2,2-dimethyltetrahydropyran-4-on and propargylated salicylic acid.
Tasks obtaining the original compound by The Prince reaction, synthesizing a new derivative using the
Favorsky reaction, and studying its biological activity. Conclusion (conclusions). The oxygen heterocycle
2,2-dimethyltetrahydropyran-4-on was obtained with dimethylvinyl-ethinylcarbinol in a sulfuric acid
medium and using mercury sulfate as a catalyst, with a yield of 70% through the Prince reaction
mechanism. By reacting the resulting 2,2-dimethyltetrahydropyran-4-on with the acetylene derivative of
salicylic acid by the Favorsky reaction, the acetylene derivative of 2,2-dimethyltetrahydropyran-4-on was
synthesized with a 57% vyield of 2,2-propagyloxy benzoic acid. The physicochemical properties of the
obtained oxygen heterocycle compounds were determined and studied by IR spectroscopy. According to
the results of a study of the biological activity of 2,2-propagyloxy benzoic acid on single and
dicotyledonous plant grains, it was found that it significantly inhibited the growth of dicotyledonous
plants in high concentrations, and was effective as a growth stimulant for single dicotyledonous plants.

Key words: oxygen heterocycles, 2,2-dimethyltetrahydropyran-4-on, 2,2-propagyloxy benzoic
acid, single and dicotyledonous plants.
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1. Introduction

Oxygen-containing heterocyclic compounds are widely studied in modern
organic and pharmaceutical chemistry, as they form an important basis for drugs,
agrochemical agents, and functional materials due to their synthetic flexibility and
biological activity [1]. In recent years, special reviews have been published on
oxygen-containing heterocycles, discussing recent advances in their innovative
synthesis methods and biological applications [2]. 2,2-Dimethyltetrahydropyran-
4-one is a six-membered saturated heterocycle. It has two methyl groups in 2,2-
dimethyl on one carbon, and a carbonyl group in the 4-position. Due to this, the
molecule resembles the structure of a y-keto ester, which plays an intermediate
role in the synthesis of y-lactones and y-lactams [3].

(0]
o COOH
Figure 1 - Structural formula of 2,2-dimethyltetrahydropyran-4-one and salicylic acid.

The propargyl group is widely used in organic synthesis and is an effective
reagent for the preparation of complex heterocycles. The introduction of this
group is considered an important tool in current research to expand the
construction of heterocycles; a review of the synthesis and applications of
propargyl derivatives has been published in recent years [3]. In addition, salicylic
acid is an important phytohormone in plant physiology, regulating growth and
stress responses, its role including the root system and growth [4].

o] :ﬁo / )
KOH  ou #
. —_— o)
@ Q@ JQ\
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Scheme 1 - Preparation of 2,2-propargyloxybenzoic acid.

Based on these studies, it is clear that new methods for the synthesis of
oxygenated heterocycles and the study of their effects on plants are relevant in
science and applied chemistry - this demonstrates the integration of modern
chemical synthesis and biological testing [5].
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2. Experimental part

2.1. Experimental chemical section

The progress of the reactions and the purity of the obtained products were
monitored by thin-layer chromatography (TLC) using Sorbfifil (Sorbpolymer,
Krasnodar, Russia) coated with CTX-1A silica gel, with a UV-254 indicator,
particle size 5-17 um. The eluent for the TLC analysis was a benzene-EtOH
mixture in a ratio of 1:3. Solvents for recrystallization and solvents for synthesis
were purchased from Merck KGaA with a purity of >99%. Infrared (IR) spectra
of the compounds were recorded on a Bruker Avance Il 400 MHz spectrometer,
on KBr tablets.

The synthesis of 2,2-Propargyloxybenzoic acid was obtained in 72% vyield
according to the literature [6].

2.2. Experimental biological section

To study the effect of 2,2-propargyloxybenzoic acid on grains, first,
homogeneous and clean grains were selected in the experimental work, which
were soaked for 24 hours in distilled water or in 2,2-propargyloxybenzoic acid
solutions at concentrations of 0.01%, 0.05% and 0.1%; then, the grains were
placed in soil or Petri dishes, and their growth was monitored at a temperature of
22-25 °C and a 12-hour light/12-hour dark cycle, and the germination percentage,
root and shoot length, number of primary leaves and biomass were measured
daily for 48 hours and 60 hours compared with the control group (grains soaked
only in distilled water), thus determining the effect of the acid on plant growth [7-
10].

3. Results and discussion

In the present study, to determine the effect of 2,2-propargyloxybenzoic acid
on grains, grains of monocot and dicot plants were soaked in solutions of different
concentrations for 12 hours. Triticum aestivum (wheat) was selected as monocot
grains, and Pisum sativum (pea) as dicot grains. Five concentrations of 2,2-
propargyloxybenzoic acid were prepared for the study: 0.1%; 0.01%; 0.001%;
0.0001%; 0.00001%. 25 grains were taken for each experiment, and three
replicates were performed for each concentration. Triticum aestivum grains
soaked in solutions of different concentrations are shown, the number of grains in
each beaker is the same, and the concentration of the solution is indicated at the
bottom. This figure depicts the initial stage of the experiment, i.e., the process of
soaking the grains for 12 hours.
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Figure 2 - Appearance of wheat and pea seeds after 12 hours of exposure to 5 different concentrations
of 2,2-propargyloxybenzoic acid.

According to the results of the study, the effect of 2,2-propargyloxybenzoic
acid varied depending on the plant species and concentration. In all glasses, the
pea seeds were wet, and some showed swelling. This is a sign of water absorption
and initial physiological activity due to the solution.
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Figure 3 - Appearance of wheat and pea seeds placed in a solution of 2,2-propargyloxybenzoic
acid after 48 hours.

: /=]
o1 | oot oplh 0,001}, "'m‘”f"

' + I +
T i T i ¥

e2g00

Figure 4 - Appearance of wheat and pea seeds placed in a solution of 2,2-propargyloxybenzoic
acid after 60 hours.

The results of 48 and 60-hour germination of wheat grains showed that 2,2-
propargyloxybenzoic acid has a concentration-dependent effect on the initial
growth of grains. Compared with the control, changes in the length of roots and
shoots were observed in grains treated with acid solutions. At low concentrations
(0.001-0.01%), relatively normal development or slight stimulation of shoots was
observed, while at high concentrations (0.05-0.1%), a shortening of the root
system, poor development of the shoot and general morphological disorders of the
shoots were clearly observed.

At high concentrations (0.01% and above), germination was inhibited in
most grains, and normal development of the roots and shoots was clearly
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observed or they did not appear at all. This indicates that the acid has an
inhibitory effect in high doses.

It is observed that the germination process in grains placed in a solution of
2,2-propargyloxybenzoic acid changes in a concentration-dependent manner. In
the control (0%) grains, germination signs were weak or not observed at all. At
low concentrations (0.0001-0.001%), embryo rupture and the formation of the
first radicle were observed in some grains, indicating the beginning of the
germination process.

Table 1 — Wheat seeds placed in solutions of different concentrations of 2,2-propargyloxybenzoic acid

Concentration, C (%) 12 h., (cm) 48 h., (cm) 60 h. (cm)
0.1 3.5 7 13.8
0.01 4.5 10 15.5
0.001 2.5 8 10.5
0.0001 4.5 9 16
0.00001 5 10 15.9
Control (water) 4 11 15

Table 2 — Pea seeds placed in solutions of different concentrations of 2,2-propargyloxybenzoic acid

Concentration, C (%) 12 h,, (cm) 48 h., (cm) 60 h. (cm)
0.1 1 14 1.8
0.01 1 2 2.5
0.001 0.5 0.6 0.7
0.0001 0.4 0.5 0.5
0.00001 0.1 0.4 0.6
Control (water) 0.5 0.5 0.5

The results of the study of the effect of 2,2-propargyloxybenzoic acid
showed that this compound acts as a growth stimulant in monocots, but has a
negative effect on dicots. As is known, the growth of dicots such as common bean
(Phaseolus vulgaris) is significantly inhibited at high concentrations, which
makes it possible to use 2,2-propargyloxybenzoic acid against weeds. In addition,
the effect on the development of fungi in common bean seeds is low, which
indicates that this compound has high herbicidal activity and insufficient
fungicidal activity, i.e., additional modification is required for its use as a
fungicidal agent.

4. Conclusion

The results of the conducted studies showed that the biological activity of
2,2-propargyloxybenzoic acid depends on the plant species. While this compound
has a growth-stimulating effect on monocotyledonous plants, it significantly
inhibits the growth of dicotyledonous plants, including cowpea, at high
concentrations. This property indicates the possibility of using 2,2-
propargyloxybenzoic acid as a selective herbicide. In addition, the observation of
fungal development on cowpea seeds indicates that the fungicidal activity of this

97



KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHUY XKXYPHAJI KA3AXCTAHA

compound is insufficient and that structural modification or additional studies are
necessary for its use as a fungicide.
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JAAPA KOHE KOC JKAPHAKTbBI OCIMIIKTEP JOHIEPIHE 2,2-TIPOIATHJIOKCH
BEH30M KbIIIKbIJIBIHBIH BUOJIOI'UAJIBIK OCEPIH BAFAJIAY

A.M.[yiicenani*?, H.C.En 1 AK.Y osal, F0.A.-Tumeunenko, XX.C.Acviixanog*
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Tyiiingeme: Kipicne. OTTEKTI TeTEpOLMKIAI KOCBUIBICTAD Ka3ipri OPraHUKAaIbIK JKOHE MeEIULUHAIIBIK
XMMMSa MaHbI3Ibl OPBIH anajpl. Ocipece TeTParuApoNUpaH TYBIHABUIAPBI OJAPIbIH  KYPbUIBIMIBIK
OPTYPIIUIIri MEH OHOJIOTHSIIBIK OenceHulirine OaiiaHbIcThl KeHiHeH 3epTrenye. OcbiFaH OailjlaHbICThI
2,2-TUMETUITETParuAPONUpan-4-oH MEH HPOIAPIIIIICHICH CANTUINI KBIIKbUTBI DaBOPCKU peaKHsChl
apKbUIbl OTTEKTI TYBIHABI — NPONAPTHIOKCHOEH301 KBIMIKBUIBIH QBT OHBI Japa )KoHE KOC YKAPHAKTHI
OCIMIIKTEp JOHIEPiHIC OHOJOTHSIBIK OCICEH/UNIIH aHbIKTay arpoOMIIOTUsl MEH (MTOXMMUSHBIH ©3€KTi
Mocesie Goubin Tabbutaabl. JKYMBICTBIH Makcambl mMen Minoemmepi 2,2-TUMETUITETParuaAponupan-4-ox
MEH MPONapriIICHICH CATHIUII KbIIIKBUIBI HETi31HAe OTTEKTi FeTePOLMKII/II KOCBUIBICTBI CHHTE3/ICI, 1apa
JKOHE KOC JKapHAaKThl ©CIMAIK JIOH/AEpiHEe OMOJOTHSIIBIK OeNCeHIUIriH 3epTTey. Minoemmepi GacTankpl
KochUIbICTbl [IpuHC peakuusichl apkbUibl any, DaBOpPCKHH peakiMsAChl KOMETiIMEH >KaHa TYbIH/bI
CUHTE3/Iey JKOHE OMOJOTMSUIBIK OeJICCHAUIriH 3epTrey. Kopuimuvinovl (myoscwipvimoap). OTTEKTI
reTepoOLHUKI 2,2-TUMETUIITETParuAponupan-4-oH JUMETHIBUHII-3THHHIKAPOMHOIMEH KYKIPT KBIIIKBLUIBI
OpTachIH/A )KOHE ChIHAI CYJIb(haThIH KaTaau3aTop PeTiHIe KoNAaHy apKbuibl, [IpUHC peakius MexaHu3Mi
apkputbl 70 % IIBIFBIMMEH anbIHIOBL. AJbIHFAaH 2,2-AUMETHITeTparuaponupan-4-ouael daBopckuit
PEaKIHsCH apKbUIbl CATUIMI KBIIIKBUIBIHBIH aleTHICH/I TYBIHABICBIMEH OPEKETTECTIpY apKbuUibl 2,2-
JUMETHITETPAruiponupan-4-oHHbIH aleTHICHI TYBIHABICH! 2,2-TIPONarmiokc OeH30M KbIMKbUIBL 57 %
LIBIFBIMMEH  CHHTE3/IeNll. AJIBIHFaH OTTEKTI TeTepOLMKI KOCBUIBICTAPBIABIH — (HU3UKO-XUMHSIIBIK
Kacuertepi aHbIKTanabl koHe WK crmekTpockomusicbiMeH 3epTTenji.  2,2-Mpomaruiokcu OeH3oi
KBIIIKBUIBIHBIH Jlapa jKOHE KOC JKapHAKThI ©CIMIIK JSHJEpIHE JKYPTi3UIreH OMOJIOTHSIIBIK OeICeHIUIIrH
3epTTey HOTIKeNepi OOMBbIHIIA KOC MKapHAKThl OCIMIIKTEpAiH ©CyiH KOFapbl KOHLEHTpaLusiIapaa
aifTapybplkTall TeXeIl, al Japa >KapHaKThl ©CIMIIKTEpre eCy CTHMYJSTOPBI PETiHIE BIKHANIbI EKeHi
QHBIKTAJJIBI.

Tyiiinai ce3mep: oOTTeKTI TreTepouUKIAEp, 2,2-TUMETHUITETPArUAPONUpaH-4-0oH, 2,2-TIPONaruaokcu
OeH3011 KBIIIKBUIEL, Japa )KoHE KOC KapHAKTHI 6CIMIIKTEp
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OILEHKA BHOJOIMYECKOI'O BO3JAEMCTBHUS 2,2-IIPOIAPT NJIOKCH BEH30MHOMI
KHCJOTbI HA CEMEHA OJHOJAOJIbHBIX U IBY10JIbHBIX PACTEHUU

A.M.[yiicenani*?, H.C.En L AKY 0ea’, 10.A./-Tumeunenxo', JK.C.Acvirxarnog*

Kasaxcxkuii  nayuonanvnoui  ynusepcumem umenu ano-Papabdu, Hucmumym HO6bIX  XUMUYECKUX
mexHono2ul u mamepuanos, Aimamaol, Kazaxcman
2Kasaxckuii HayuoHaneHbiii nedazozuueckuii ynusepcumem umenu Abas, Anmamer, Kasaxcman

Pe3tome. Bseoenue. Kucnopoacoaepxaiiue reTepoLUKIMIECKHE COSANHEHHS 3aHUMAIOT BaXKHOE MECTO B
COBPEMEHHOM OpraHMYecKOW W MeAUIMHCKOW xXuMuu. Oco0oe BHHMAaHHE YACNSACTCS IMPOM3BOIHBIM
TETParupoInkpanHa, KOTOpbIE LIMPOKO HCCICAYIOTCS Oiarojapsi UX CTPYKTYpHOMY pPa3HOOOpas3uio u
OMOJIOTMYECKO aKTUBHOCTH. B CBSI3M € 3THM IOJy4eHHE KHCIIOPOJCOIEPIKAIIETO0 IPOU3BOJHOTO —
MPOMAPTHIOKCHOCH30MHOM KUCIOThI — 13 2,2-TUMETUITETPArHIpONUpaH-4-oHa 1 MPONapruIuPOBAHHON
CAJIMLIMIOBOM KHCIOTBI C MCHOJIb30BaHMEM peakiuu @PaBopckoro, a TakKe OIpeNesieHHe ero
OMOJIOTMYECKON aKTHMBHOCTH Ha CEMEHaX OJHOJOJBHBIX U JIBYJIOJBHBIX PACTCHUH SIBISIETCS aKTyaJbHOM
3amadeil arpobuonioruut U ¢Guroxumuu. Llems u 3adauu pabomul. llenpio paboThl SBISETCS CHHTE3
KHCIJIOPOJCOAEPIKAIIETO TeTEPOLUKINYECKOT0 COSMHEH s Ha OCHOBE 2,2-TMMETHITETparuiponupan-4-
OHA Y IPONAPTHIMPOBAHHON CANUIMIOBON KHCIIOTHI, a TAKXKE U3YUeHUE ero OHMOJIOrnuecKod aKTUBHOCTH
Ha CEMEHaxX OJHOJOJBHBIX M JBYAOJBHBIX PAaCTeHHW. B 3adauu ucciedosanusi BXOJUIH TOJTy4CHHE
HCXOJHOTO COEIMHEHHs C IMpUMeHeHHeM peakiuu [IpuHca, CHHTE3 HOBOTO HMPOW3BOJHOIO C IOMOIIBIO
peakuun DaBOPCKOrO H HCCICIOBAHHE €ro OWOJOTMYECKOW AaKTUBHOCTH. 3akiioueHue (8b1600bl).
Kucnopoaconepxaruuii rereporuki 2,2-AuMeTHITeTparuaponupan-4-o1 Obl1 nomyueH ¢ BeixogoMm 70 %
MpY B3aUMOJAEHCTBUY JUMETHIBUHWISTHHIIKAPOWHONA B CPEJe CEPHOW KHCIIOTHI C HCIIOJIB30BaHHEM
cynbpdara pPTYTH B KauecTBE KaTajiuM3aropa IO MexaHu3My peakuuu IlpuHca. B pesynbrare
B3aUMOJICHCTBHS MOJyYEHHOTO 2,2-TMMETHITETPAaruAponupaH-4-oHa ¢ alETHICHOBBIM IPOU3BOIHBIM
CAJIMLIMIOBOM KHCJIOTHI B YCIOBHSIX peakuuu PaBopckoro ObUIO CHHTE3UPOBAHO AaLETHUIICHOBOE
MPOM3BOAHOE — 2,2-NPONApriiIOKCHOCH30MHAsT KUciIoTa — ¢ BbIXogoM 57 %. Bbumn ompenesneHs!
(U3UKO-XMMUUYECKHE CBOWCTBA MOIYYCHHBIX KUCIOPOACOACPKAIIUX IETEPOLUKINYSCKUX COSTUHCHUI U
MpoBe/ieHbl UX uccienoBanus MeronoM UK-cnexrpockonuu. [lo pesynpraTam u3yueHus GHOIOrHUECKON
AaKTHBHOCTH 2,2-IPONapriIOKCHOCH30MHON KUCIOTHI YCTaHOBJICHO, YTO NPH BBICOKUX KOHILIEHTPALHIX
OHa CYIIECTBEHHO WHTHOUPYET POCT ABYAOJBHBIX PACTEHHH, TOrJa KaKk B OTHOIICHHH OJIHOAOJIBHBIX
pacTeHul MPOSBIISET CTUMYJIMPYIOLIEE ACHCTBHUE.

KinoueBble c10Ba: KUCIOPOACOAEPIKAIINE TETEPOLUKIBL, 2,2-IUMETUITETparuAponupan-4-od, 2,2-
IPONapTrUIOKCHOCH30HHAS KHCIIOTa, OXHOIONIBHBIE H IBYI0IBHBIC PACTCHUS.
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KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHH )XYPHAJI KA3AXCTAHA

[IpaBuna od)opMneHmI CTaTel B )KypHaie
«XUMHNYECKHUHU )KYPHAJ KASAXCTAHA»

1. OBIME ITOJIOKEHUSA

Kypuan «Xumuueckuii xxypran Kazaxcrana» (ISSN 1813-1107, eISSN 2710-1185)
BhIMycKkaeTcsa opaeHa Tpynosoro Kpacnoro 3umamenn AO «VHCTUTYTOM XMMHUYECKHX
Hayk uM. A.b. BektypoBa» 4 pasa B rox u myOnmKyeT pabOThI IO IIMPOKOMY KpPYTY
(yHIaMEHTAIBHBIX, MPUKIAIHBIX 1 HHHOBAIMOHHBIX MCCIIEOBAHUN B 00JIaCTH XUMHU U
XMMHYECKOH TEXHOJIOTHH.

SI3pIKM TyONWKanuM: Ka3axXCKUi, pycCKui, aHrimmickuil. JKypHan MHIEKCUpyeTcs
Kazaxcranckoit OubOmmomeTpuueckoil cucreMoid W BKmMoueH B [lepedeHp u3maHui,
pekomeHayeMblx KomureromM 1o KoHTposmto B cdepe o00pazoBaHHS U HAYKH
MuHuctepcTBa o0pa3oBanMs W Hayku Pecrybnmukm Kaszaxctam mis  myOJMkamuu
OCHOBHBIX P€3yJIbTaTOB HAYYHOH AEATEILHOCTH.

W3nanue umeer crieayromnye pyopuKu:

1. OG63o0pHbIe cTaThy J0 20 MeYaTHBIX CTPAHUI]

2. OpuruHanbHble cTaThH (10 8—10 meyaTHBIX CTPaHUIL)
3. Kpatkue cooOmenns (10 4—5 neyaTHbIX CTPAHUILL)

2. IPEJICTABJIEHUE CTATEA

Penakims mpuHAMaeT cTaThl OT Ka3aXCTAaHCKUX M 3apyOeKHBIX aBTOpOB. B memsax
nonyisipu3anuu JKypHana, peJakilIMOHHON KOJUIETHEHW MPUBETCTBYETCS MPUEM CTaTeil Ha
AHIJIMHCKOM SI3bIKE.

s peructpauuu ¥ nmyO0JdUMKAIUMM CTATHU MAaTE€pPHall CTaTbU TIPEICTABISAETCA B
pelakiuio uepe3 CUCTeMy OJEKTPOHHOM Tojauyu cTaThd Ha caiite JKypHama
(https://iwww.chemjournal.kz/) B komIiekTe co ClIeAyONMMU JOKYMEHTAMH:

1. Dnexrponnas Bepcust cratbu B popmarax Word u PDF co BCTpOeHHBIMHU B TEKCT
TaOIUIIAMHK, CXeMaMH, pUCyHKamu ((ailm Ao/KeH ObITh Ha3BaH MO (paMWIMK TIEPBOTO
aBTOpA Ha aHTJIMHCKOM SI3BIKE).

2. ConpoBoIUTENbHOE ITUCEMO, aapecoBaHHoe B Pepakiuio XMMHUUECKOTo )KypHaja
Kazaxcrana oT opraHuzanmy, B KOTOPOW JaHHOE WCCIICAOBAHHE BBIIOIHECHO, C
YTBEPIKIICHUEM, YTO MAaTepHal PYKOIHCH HUTNIC HE ITyOJMKOBAJICs, HE HAXOMUTCS Ha
pacCMOTpEHHUH s OIyONMKOBAaHWS B APYTHX JKypHallaX M B MaTepHanax CTaTbd
OTCYTCTBYIOT CEKPETHBIEC TaHHBIE. B COMPOBOANTEFHOM MMUCHME YKa3bIBAIOTCS CBEICHUS
00 aBTOpe a1 KoppecnoHaeHIny: @aMmins, UM 1 0TYECTBO aBTOPA, CIIY>KEOHBIH ampec
C YKa3aHUEM TIOYTOBOTO MHJIEKCA, afpec NIEKTPOHHOH mouThl, Tenedon u ORCID.

3. Bce crathu, onybaukoBaHHbIe B XuMuueckoM xypHaie Kazaxcrana (ISSN 1813-
1107, eISSN 2710-1185) myOiuKyrOTCS B OTKPHITOM gocTyme. YToObl 00ecreuuTh
CBOOOJHBIN JIOCTYI YHUTATENSIM W TIOKPBITH PACXOAbl Ha OKCHCPTHYIO OICHKY,
pelakTHpOBaHUe, IONAEP)KaHUE CalTa J>KypHaia, JOJTOCPOYHOE apXMBHPOBAHUE H
BEJICHUE >KypHalla, B3WMaeTcs IulaTa 3a o0paborky crarbu. [IpaBunma omnatel 3a
OITyOJMKOBAaHUE MIPUHATON K NICUYATH CTAThH HAXOISATCS B OTNICIEHOM JOKYMEHTE Ha caiite
Kypnana «OnaTa 3a ormyOIMKOBaHUC.

4. CtaTbe IpUCBaNBACTCS PETHCTPANMOHHBIA HOMEP, KOTOPBII COOOIIaeTCss aBTOpam
B TE€UCHHE HENENIM MOCHE MONyYeHHs YKa3aHHOTO MEepedHs JOKYMEHTOB; Ha 3TOT HOMEp
HEO0XOJNMO CCBUTATHCS TPH MTEPEITHCKE.
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5. [lpuHATBIM K TICYaTH CTaThsIM ITIPUCBAMBACTCS IUPPOBOH HACHTHU(PHUKATOP
(DigitalObjectldentifier — DOI).

6. YuuTeiBass HEBO3MOXKHOCTH IPOBOIUTH CTAThH Ha KAa3axCKOM SI3BIKE depes
CUCTEMY aHTHIUIaTHaT, OYAyT YYHUTHIBATHCS (POPMYIHUPOBKH PELEH3CHTOB H PEIICHHE
M3IATEIBCKON KOJUICTHH.

7. CTaTh¥l TOJDKHBI OBITH OPOPMIIEHBI COTJIACHO ITA0JIOHY, KOTOPBIH MOYKHO CKaJaTh
B paznene «OTmnpaBka MaTepralioBy» Ha caiite Xumudeckoro XKyprana Kazaxcrana.

3. CTPYKTYPA IIYBJIUKALIUIA

3.1. B Hayarme 0030poB, OPUTHHAJBHBIX CTaTeill W KPATKHUX COOOIIeHMII Ha
MIEPBOH CTPOKE YKa3bIBaeTCs HOMEpP 110 YHHBEPCAIBHOH JECSITUYHOU KIIacCU(PHKAILINMH
(YK wm UDC), cOOTBETCTBYIOIINI 3asiBICHHON TeMe. JlaeTcs mponucHbBIME OyKBaMH B
BEpPXHEM JIeBOM yriy. Takke Ha IepBOl CTpOKe cHpaBa MNPONHCHBIMH OyKBaMH
nomyxupHbM mpudom Ne 14 ykaseiBaercsa HasBamme kypHata XUMWUYECKHAM
KYPHAJI KA3AXCTAHA (KA3AKCTAHHBIH XHUMUs JKYPHAJIbBI,
CHEMICAL JOURNAL OF KAZAKHSTAN), roz, HoMep.

3.2. Jlanee uepe3 CTPOKY MPUBOAMTCS MEKAYHAPOIHBIA CTAaHAAPTHBIA CEPHATBLHBIN
Homep xypHasa (ISSN 1813-1107, eISSN 2710-1185) u Ha ciemyromiei CTpoke ciieBa
mpusoautcst DOI: xoTopsiit OyaeT nMeTh 3HaYSHHE TI0CIIe IPUHATHS CTaThU K TICYaTH.

3.3. Mlanee, mocie OTCTyHa CTPOKH YKa3bIBaeTCs 3arjiaBHe CTAThH IPOIUCHBIMU
OykBamu, mpudt Ne 14 — momy>KUpHBIi, BeIpaBHHBaHHE TEKCTa MO IEeHTpYy. HazBaHue
JOJDKHO MAaKCHUMaJIbHO IIOJIHO W TOYHO OIIMCBIBATH COACPKAHWE CTaTbU, BKIIOYATh
KITIOUEBBIE CJIOBA, OTPAXKAIOIINE HAIIPABJICHHE W/UIM OCHOBHOW PE3yJIbTaT MCCIIEA0BaHNUs,
HO B TO € BpeMsl ObITh KOPOTKUM U SCHBIM U HE COJIEPKaTh COKPAICHUH.

3.4. lanee, mocye OTCTyNa CTPOKH, yKa3bIBalOTCS HHMIUAIBI U aMuaun aBropa(-
OB) CTPOYHBIMH OykBamu, MPUMT Ne 12 Moy XUpHBIH, KypCHB, BRIPABHUBAHUE TEKCTA TI0
neHtpy. Pamunus aBTOpa, € KOTOPBIM CIEIyeT BECTH IIEPENHcKy, MOJDKHA OBITh
orMmeueHa 3Be3noukoit (*): C.C. Camaeea*™, A.M. /rcybananuesa.

3.5. UYepes crpoky mpuprom Ne 12, cTpodHBIMH OyKBamMH, KYpCHBOM C
BBIPABHUBAHHEM TEKCTa IO IEHTPY CIEAYIOT HauMeHOBaHue(s1)) opranu3zamum(ii) C
YKa3aHWEM YaCTU Ha3dBaHUA OpraHU3alluU, KOTOPast OTHOCUTCA K NOHATUIO FOPUANIECCKOTO
nmina (B aHTJIMHCKOM TEKCTe HEOOXOJMMO YKa3blBaTh O(HUIMANBHO MPHHATHI MEpeBO
Ha3BaHUs), TOPOJ, CTpaHa. B aHTrIMIiCKOM BapuaHTe aJpecHbIe CBEJCHHUS JOJDKHBI OBITh
TIpeCTaBIICHbl HA AHIIIMHCKOM SI3bIKE, B T.4. TOPOJI M CTPaHa.

Crpoku ¢ ¢aMWIMsIMM aBTOPOB U  HA3BaHMSAMHM OpraHU3allMi  CoOJepiKaT
HAQJCTPOYHBIE WHJIEKCH (mociie (GaMWwIMk W Tepel] Ha3BaHHUEM OpraHM3alin),
YKa3bIBaIOIIME HA MECTO pabOTHI aBTOPOB.

Ha cnenyrommeit crpoke KypcuBHBIM HauepTanueM, mpudt Ne 12, ¢ BblpaBHUBaHHEM
TEKCTa 10 LEHTPY YKa3bIBACTCS ANEKTPOHHBIN afpec Al MePETINCKH.

3.6. Pe3tome (Abstract, Tyiiingeme) cocTouT U3 KpaTKoro Tekcra (He menee 150—
250 cnos, mwpupT Ne 12) Ha s3bike ctaTth. Abstract myGnukyercs B MeKIyHapOIHBIX
0a3ax, JaHHBIX B OTPBIBE OT OCHOBHOTO TE€KCTa. Pe3toMe MOKHO OBITH aBTOHOMHEIM, BCE
BBOJIUMBIE 0003HAYECHHUS M COKPAIIEHHS HEOOX0AMMO pacuindpoBarh 31eCh Ke.

[TpuBeTcTBYeTCS CTPYKTYPHPOBAHHOE PE3IOME, TOBTOPSIOIIEE CTPYKTYPY CTaTbu U
BKIIIOYAIOIICE: G6eOeHUe, Yelu U 3a0auu, Memoovl, pe3yibmamsl U 00cyxicoeHue,
3akmoueHue (6b1600b1). B TO ke BpeMs, eI U 3aJa4yl OMHCBHIBAIOTCS, €CJIM OHU HE SICHBI
W3 3aryiaBusi CTaThU, METOJIbI CIIEAYET OIMCHIBATh, €CJIM OHU OTJIMYAIOTCS HOBH3HOW. B
pe3ioMe BKJIIOYAIOTCS. HOBBIC PE3YJIbTAThl, MMEIOMINE JONTOCPOYHOE 3HAUCHUE, Ba’KHbIC
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OTKpBITUS, ONPOBEPraroIlne CYLIECTBYIOIIME TEOPUH, a TaKXKe [aHHBIC, HMEIOIINE
npakTudeckoe 3HaueHue. ClemyeT HCIOJIb30BaTh TEXHUYECKYIO (CHEIHalbHYIO)
TCPMHUHOJIOTUIO Ballen JUCHUIIIINHBI.

Pesrome maercst 06e3 ab3al[HOrO OTCTyIA CTPOYHBIMH OYKBaMH; OHO HE OJDKHO
COZIEpP’KaTh HOMEPA COEAVUHEHUM, SKCIIEPUMEHTAIILHBIE JaHHBIE U CCBUIKU Ha JIUTEPaTypy.
Pe3iome TOJIBKO OIHO — B Ha4aje TEKCTa.

3.7. lanee Ha s13pIKe cTaThy 0€3 a03aI[HOTO OTCTYTA CTPOYHBIMH OyKBaMH MIPUPTOM
Ne 12, BeIpaBHUBaHHNE TEKCTA 10 JIEBOMY Kparo MPUBOSITCS KII0YeBbIe cIoBa (0T 5 /10
10 mrt.), obecneunBaromye HanOoIee MOJIHOE PACKPHITHE COJCPIKAHNS CTAThU.

3.8. B kparkux coobmeHusx npuBoautcs pesiome (150-200 cioB), KIrodeBEIC
CJIOBa, HO AETEHUs Ha pasfensl He TpeOyercs. JlaeTcs TEKCT KpaTKoro COOOIICHMS Ha
OJIHOM U3 TpeX S3BIKOB C BBINTOJIHEHHEM TpeOoBanuil kK Y IK, Ha3BaHUIO CTAThU, TIEPEUHIO
aBTOPOB, HANMEHOBAHUI OpraHM3alyii, B KOTOPBHIX OHU PabOTAIOT, YKAa3aHHUIO aBTOPA IS
MepenucKu. B TekcTe KpaTKoro cooOOIIEHMS HPUBOASTCS KOHKPETHBIE CYIIECTBEHHO
HOBbIe pe3yJbTaThl, TpedylolIue 3aKpelnjeHHs TPHOPUTETa C HEOOXOAUMBIMU
9KCIEPUMEHTABHBIMA ~ MOAPOOHOCTAMHU.  3areM  cliefyloT:  uHpopMamus o
(uHaHCHPOBaHKUH, OJATOAPHOCTH, CBEJCHHS O KOH(IMKTE UHTEPECOB, HH(popMaIus 00
aBTOpax ¥ CIHCOK JINTEPATypPHI.

3.9. Crarbs HaumHaeTcs C BBedeHHS, B KOTOPOM (OpMyJIUpYyeTCsl ILelb H
HEOOXOIMMOCTh MIPOBECHUS NCCIIEIOBAHMS, KPATKO OCBEUIAETCSI COCTOSHHE BOIPOCA CO
CCBUTKAaMM Ha HawmOolee 3HaYMMble IMyONHKaluu ¢ W30EeraHueM CCBUIOK Ha YCTapeBIINE
pe3ynbTaTbl. M3mararoTcsi OTKPBITHS, CHCNAaHHBIE B XOJ€ MAAaHHOTO MCCIIEAOBAHUS.
YKa3bIBacTCs CTPYKTypa CTaThH.

3.10. DOkcmepuMEHTAJbHAS YACTh CONEPXKHT OIHMCAHHE XOIa M Pe3yJbTaToB
9KCIIEPUMEHTA, XapaKTEPUCTUKY MOy 49E€HHBIX COEIMHEHUII. B Hayaie
OKCIIEPUMEHTAIHOM  4YacTW  TNPUBOAATCS  Ha3BaHWs NPHOOPOB, Ha  KOTOPBIX
3apEruCTpupoOBaHbl (bI/ISI/IKO-XI/IMI/I‘ICCKI/Ie XapaKTCPUCTUKN BEIIECCTB M YKa3bIBAIOTCA
yciaoBusa HU3MEPCHUA, TaKXeE YKa3bIBaIOTCA o0 HUCTOYHUKHU HUCITIOJIb30BAHHBIX
HETPUBHAIBHBIX PEAreHTOB (HAIpUMeEp, «KKOMMEPUECKHE Npernaparsl, Ha3BaHue GUPMBD»),
100 AAIOTCS CCHUTKM HA METOAUKHU MX MOJTy4EHHUS.

Kaxnplit maparpad SKCIEpUMEHTAJIBHOW YacTH, ONMUCHIBAIONIMH  TIOJydeHHE
KOHKPETHOTO COCAMHEHHUS, JIOJDKEH COJEepXKaTh ero II0JJHOE HAaWMEHOBAaHHUE IO
nomenknarype MIOITAK n ero nopsaxoBslii HOMEp B cTaTthe. B MeTonukax o0s3aTenbHO
yKa3blBaTh KOJMYECTBA PEarcHTOB B MOJBHBIX M MAacCOBBIX eAMHHMIAX (Ui
KaTaJn3aToOpoOB — MAacCy M MOJBHBIE IIPOLEHTHI), 00BEMBI pacTBOpHTENneil. Meroanka
9KCTIIEPUMEHTA U3JIaraeTcs B npouieduiem BPEMEHH.

JIsl M3BECTHBIX BEIIECTB, CHHTE3MPOBAHHBIX OIMYyOIMKOBAHHBIM PAHEE METOAOM,
HeO6XO}]I/IMO MMPUBECTU CCBUIKY Ha JUTCPATYPHBIC HJaHHBIC. HJ’[S{ N3BCCTHBIX BCUICCTB,
IMOJTYYCHHBIX HOBBIMH nIn MOJII/Iq)I/IHI/IpOBaHHBIMI/I MCTOOaMH, JOJIDKHBI OBITH
MIPEACTaBJICHbl X (PU3NUECKHE M CHEKTPaJbHbIE XapaKTEePUCTHKH, UCIIOIb30BAaHHBIC IS
TTOJTBEPIKACHHS UIEHTUIHOCTH CTPYKTYpPBI, METOJI CHHTE3a M CCBUIKA Ha JINTEPAaTypHbIE
JIaHHBIE.

Jist  Bcex BIEpBBIE CHHTE3MPOBAHHBIX COCAMHEHHWH HEOOXOJMMO MPUBECTH
JIOKa3aTeJIbCTBA MPUIMCHIBAEMOTO MM CTPOCHUS U JTaHHBIE, TIO3BOJISIOIINE CYAUTh 00 HX
WHIMBHUYaIbHOCTH M CTEIIEHH YMCTOTHL. B 49acTHOCTH, NOMKHBEI OBITH MPEACTAaBIICHBI
JAHHBIC 3JIEMEHTHOTO aHAJIN3a WM Macc-CIEKTPBI BBICOKOTO paspemteHus, K criekTps! u
cnektpsl SIMP *H u °C.
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JlaHHBIE PEHTICHOCTPYKTYPHOTO aHAIM3a MPEICTABISIOTCS B BHJIC PUCYHKOB H
Tadauu. Bce HoBble coenunenus, fanubie PCA KOTOpPBIX MPUBOJSTCS B CTAThE, TOJIKHBI
ObITh 3aperncTtpupoBansl B KemOpumkckoii 6a3e CTPYKTYPHBIX JTaHHBIX U HUMEThH
cootserctByronie CCDC nomepa.

Ecmm, mo MHEHHWIO peleH3eHTa WM pelaKkTopa, HOBBIC COCAMHEHUS HE OBLIH
YIOBJIETBOPUTEIHHO OXaPaKTEPHU30BAHBI, CTAThs He OyIeT IpUHSATA K [e9aTH.

Mpumep METOTUKH: 3-(2-Amino-6-methylpyridino)-3-carbonyl-3,4-
dihydrocoumarin (12).To the alcoholic solution of 2.18 g (0.01 mol) of 3-
carbethoxycoumarin, 1.08 g (0.01 mol) of 2-amino-6-methylpyridine was added with
stirring. The mixture was boiled for 10 h. The solution was cooled, the precipitate was
filtered. Then it was washed with cold EtOH. After the drying and recrystallization of the
residue from i-PrOH yield of the product 12 was 2.05 g (63%), mp 226-228 °C, Rf 0.82
(1/2, EtOAc/hexane as eluent). Calculated, %: C 68.56; H 4.32; N 9.99 for C16H12N20s.
Found, %: C 68.41; H 4.22; N 9.83. Spectral data.

Brumanue! B cTaThix, TOCBAIICHHBIX CHHTE3Y HOBBIX COCAMHEHUH, TOITYCKAECTCS
pa3MelieHue IKCNePUMEHTAIBHOM YaCcTH 32 pasernoM Pe3ybTaThl u 00Cy:KIeHHE.

3.11. B pasnene Pe3yabTaThl M 00CY:KAeHHMe, KOTOPBIM SBIIAETCS Hamboee
BOXHBIM, CcIeAyeT OOCYyIUTh W OOBSCHUTH TOJNIy4eHHbIE B paboTe pe3yabTaThl,
MIPOAHATMU3UPOBATh OCOOCHHOCTH CHHTE3a, IPOJAEMOHCTPUPOBATh M YKa3aTh BO3MOXHEIE
OrpaHUYCHUA. HpOBCCTI/I CpPaBHCHUC IMOJYYCHHBIX PE3YJIbTATOB C OHyGHHKOBaHHbIMI/I
panee. Bce HOBbIE COEIMHEHHsI JODKHBI OBITh TIOJIHOCTBIO —OXapaKTEPH30BaHEI
COOTBETCTBYIOIIUMU CIICKTpaJIbHBIMU U APYTUMHU (I)I/ISI/IKO-XI/IMI/I‘IGCKI/IMI/I JaHHBbIMU. B
TEKCTe O00O0OMIAIOTCS ¥ Pa3bsCHIIOTCS TOJIBKO TE€ CIEKTPAIbHBIE JIaHHBIE, KOTOpHIC
WCIIONIB3YIOTCSL  JUISl  TIOATBEPXKACHHS  CTPYKTYpbl  HOJYYSHHBIX  COEAWHEHUH.
[lepeuncnenne ofHMX M TeX JXK€ JAHHBIX B TEKCTe, TaONWIax W Ha PHCYHKax He
norryckaercs. JIis HOBBIX METOJZOB CHHTE3a JKEIAaTeNbHO OOCYAWTh MEXaHU3M PEaKIIHH.
Juist 0000mIeHnsT TaHHBIX HEOOXOIUMO HCIOJNB30BaTh MOHSATHBIC PUCYHKA W TAOIHIIBL.
[IpencraBneHHbIe JaHHBIE JOJDKHBI TIOAIABATHCSI WHTEPIPETALINH.

I[Ipu oOcyXnmeHWH pe3yabTaTOB  CIIEAyeT MPHIACPKHUBATHCS  OQHUIMATBHON
tepmuHoioruu [IUPAC. Pe3ynbTaTsl peKOMEHIyeTCs U3JlaraTh B IMPOIIEANIEM BPEMEHH.

OO0cy:kaeHue He TOJDKHO IIOBTOPATH OIMCAHHE Pe3yNbTaToOB HccienoBaHus. B
TEKCTe [OJUKHBI OBITH HCIOJBb30BaHBI OOIICHIPUHATHIC B HAYYHOW JIMTEpaType
cokpauieHus. HecTaHmapTHble COKpalleHUs] JOJDKHBI ObITh paciugpoBaHbl Iocie
MEPBOTO MOSIBJICHUS! B TEKCTE. EAWHUIBI HM3MEpeHHH IOJDKHBI OBITh YKa3aHbl B
Mexaynapoasoii cucreme CU.

3.12. 3arem pekoMmeHayercs cHOpMYyTHUPOBATh 3aKJIKYEHHE, B KOTOPOM yKa3aTh
OCHOBHBIC JIOCTHKCHUS, TPEACTABICHHBIC B CTaThe, U OCHOBHOM BBIBOJ, COJCP KAIIHA
OTBET Ha BONPOC, MOCTABIICHHBI BO BBOJHOW YaCTH CTaThbH, a TAKKE BO3MOXKHOCTH
WCIOJB30BaHUS  MaTepualia CTaThl B (YHOAMCHTAIBHBIX WM TPUKIIAIHBIX
HCCIIEZIOBAaHUSIX.

3.13. ITpuBoauTcs HHPOPMAIHS O (PUHAHCHPOBAHUH UCCIICIOBAHHM.

3.14. BeipaxkaeTcs 6JarogapHocTh TeM, KTO TIOMOT BaM B ITOJATOTOBKE Baleit
paboTHI.

3.15. B pykomucu J0MKHO OBITh 3aiBIEHO O TOM, HMEETCS JU KOHQJIMKT
HHTEPECOB

3.16. B undopmanum 00 aBTOpax YKa3bIBAIOTCS: Yy4Y€Has CTENEHb, 3BaHUE,
IOJBKHOCTB, e-mail, ORCID.
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3.17. Ctarbs 3aKaHUMBACTCS CHUCKOM JIMTEPATYPBI CO CCHUTKAMH Ha PYCCKOM (WM
Ka3aXxCKOM) f3bIKE€ M CCBUIKAMH Ha s3blke opuruHana. CCbhUIKM Ha JUTEepaTypHbIE
UCTOYHHMKUA B TEKCTE MPUBOISATCS IMOPSIKOBBIMU apaOCKMMH LudpaMu B KBaJpaTHBIX
CcKOoOKax 1o Mepe yrnomMuHaHus. Kaxnas ccbUIKa IOJDKHA COJEpXKaTbh TOJIBKO OJIIHY
nurepaTypHyto uuraty. CHHCOK JMTEpaTypbl IOJDKEH OBITh NpeACTaBJeH Haubolee
CBE)KHMH U aKTyaJbHBIMH UCTOYHHKAMH 0€3 M3JIMIIHEro caMouuTHpoBaHusi(He Oomnee 20
npoueHToB). [ crareil kenareleH cHHCOK W3 He MeHee 10 CCBUIOK CO CTpOKaMH
JOCTyIIa B UHTEPHETE.

3.18. ObGs3arensHa unHbopManuss o0 aBTopax. B Hell yKka3pIBaroTCs: ydeHas
CTeleHb, 3BaHKe, TODKHOCTD, e-mail, ORCID, ¢pamunaus, umMs, 0T4€CTBO MTOJHOCTHIO HA
TpeX SA3bIKAX.

HNudopmanus 06 apTopax:

JxycunoexoB Ymupsak Kymacmmoud — AO «MHCTUTYT XMMHYECKHX HAyK WM.
A.B. bekrypoBa», 3aBemyrommii J1abopaTopueli XUMHUH CcOJIeH W ymOOpeHWH, tiieH-
KoppecnoneHT HanponanpHol akanemuu Hayk PecnyOnukm Kaszaxcran, npodeccop; e-
mail:jussipbekov@mail.ru, ORCID: https://orcid.org/0000-0002-2354-9878 .

Hypramuesa I'ynp3una OpbIHTaeBHa — AOKTOpP XUMHYeckux Hayk, AO «MHCTHTYT
xumMudeckux Hayk uM. A.B. BekrypoBa», Anmatsl, Pecnybnuka Kasaxcran, e-mail:
n_gulzipa@mail.ru , ORCID: https://orcid.org/0000-0003-2659-3361 .
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Crucok  muTHpyeMoW — smTeparypsl  oopmusieTcsi B COOTBETCTBHHM  C
HIDKETIPUBEICHHBIME 00pa3iiaMu OnOIuorpaduaeckux onrucanmii (4.8.).

3.19. B koHIle cTaThW TOCIE CIUCKA JUTEPATYPHl OONOIHUMENbHO TPUBOIUTCS
nepesoz Pestome Ha kazaxckuii (Tyitingeme) u Ha anrnuiickuii s3piku (Abstract). Cioso
Pesrome (Abstract, Tyiiingeme) maercs mo wnentpy. Ha crmemyromieir cTpoke ¢
BBIPABHUBAHUEM 10 JIEBOMY Kparo MPOMUCHBIME OyKBaMHU HONIYKUPHBIM 1pudTom No 12
NPUBOJMTCS Ha3BaHHWE CTaThbU. Yepe3 cTpoky Oe3 ab3amHOro OTCTyna KypCHBOM,
oy kupHbIM mpudToM Ne 11 narorcst ”HUIUAIB! U (aMUIAN aBTOPOB.

Ha cnenyromeii crpoke 6e3 ab3amHOro OTCTyna KypCHBOM, CTPOYHBIMH OyKBamw,
mpudrom Ne 11 mpuBoasaTCs MecTa pabOTHI aBTOPOB C HA/JICTPOYHBIMU MHAEKCAMH (T10CTe
(¢amMmMu ¥ mepes Ha3BaHWEM OPTaHH3ALNH), YKa3bIBAIONINE Ha MECTO pabOTHI aBTOPOB.
3arem 4Yepe3 CTPOKY ¢ ab3allHOro OTCTyIa C BBIPABHHUBAHMEM TEKCTa 110 MIMPUHE HIET
TEKCT pe3toMe, HaOpaHHBIH CTPOUHBIM mpudToM Ne 12.

Jlanee uepe3 CTpOKy ¢ ab3aIlHBIM OTCTYIIOM CTPOYHBIMH OykBaMu miprudTom Ne 12, ¢
BBIPAaBHUBAHUEM TEKCTa IO IIMPUHE TPUBOIATCS KJIK4YeBbIe cjoBa (oT 5 mo 10 mr.),
obecrieunBaroye Handoee MOIHOE PACKPBITHE COAEPKAHUS CTATHH.

3.20. Insa crateil, mojaBaeMbIX Ha SI3bIKE, OTJIMYHOM OT aHTIUHCKOTO (Ha Ka3aXCKOM
WM PYCCKOM sI3bIKE), B KOHIIE CTAaTbH HAXOAWTCsA aHrimiickuit Gmok (Abstract,
Information about authors, References).

3.21. Bce cTpaHUIBI pYKOIIMCH CIIEAYET IPOHYMEPOBATh.

4. TPEBOBAHHUA K O®OPMJIEHUIO PYKOIIMCEN

4.1. O6beM cTaThy, BKIIIOYAS aHHOTAIMIO M CIHCOK JIUTepaTypsl: 10 8—10 crpanu.
O63opHbIe cratbu MOTyT ObITh 10 20 ctpanunn. CraTbs AOJDKHA OBITH HalleyaTaHa Ha
omHoit cropone Jymcrta A4 mpudrom Times New Roman, pasmep kerns 14 T,
MEXCTPOYHBIH MHTEpPBAI — OJMHAPHBIA W TojisiMu: BepxHee — 2.0 cM, HmxkHee — 2.0 cMm,
neBoe — 3.0 cM, mpaBoe — 1.5 cM; paccTaHOBKa MEPEHOCOB HE JOIMyCKACTCs; a03aIlHbINA
orcryn — 1.0 cM; popmaTrpoBanue — 1o mupuHe. JlomkeH ObITh HCIONB30BaH TEKCTOBBIN
penakrop Microsoft Word for Windows, B Buze doc-daiina, Bepcust 7.0 u Gosiee mo3aHue.

Jlist KpaTKOCTH M HATJISTHOCTH OOCYX/ICHHs COEIMHEHUs, yIIOMHUHaeMble Oolee
OJTHOTO paza, Clie/lyeT HyMepoBaTh apadCcKUMM LM(paMyu B COUYETAHUH CO CTPOYHBIMHU
JATHHCKUMH OyKBamu (JUisi 00O3HAYCHUS COCIMHCHUI C TICPEMCHHBIM 3aMECTUTEIICM).
[Tpy ynoMHHaHHY MTOJTHOTO HA3BaHUS COSMHEHHUS IU(P TaeTcsi B CKOOKaXx.

CTepeoXVMHUYECKHE CHUMBOJIBI M TIPUCTABKH, XapaKTEPU3YIOUIHE CTPYKTYpHBIC
0COOCHHOCTH WJIM TIOJIOXKEHHE 3aMECTHTENSI B MOJIEKYyJe, CIeAyeT HaOupaTh KypcHBOM
(italic): (R)-smanTHOMEp, mMpem-OyTHI, napa-KCUION. BMecTo IpoMO3AKHMX Ha3BaHHI
HEOPTaHUYECKUX U YaCTO YIMOTPEOISIEMbIX OPTaHMYECKUX COSIMHEHUH CIeIyeT 1aBaTh UX
dopmynel: NaBr, TsOH Bmecto Opomua HaTpus W TOIYOJICYlIb(GOHOBas Kuciora. [lpu
WCIOJH30BAHUN TEPMUHOB W 00O3HAYCHHUH, HE HMMEIOMIMX IIMPOKOTO MPUMEHEHHS B
JIUTEpaType, X 3HAYCHUSI MOSCHSIOTCSI B TEKCTE MPH TIEPBOM YNOTPEOICHUH: HAIlpuMep,
nonuyTunentrepedranar ([ITD).

Jnist n3o0pakeHus: CTPYKTYPHBIX (OPMYJT XUMHYECKUX COCIHHEHHH HE0OXO0AMMO
HCIOJIB30BaTh penaktop xumudeckux ¢opmyn ChemDrawUltra. Bee Haamucn Ha
cXeMax TIpHBOJATCS Ha aHIVIMICKOM s3bIke. B cxeme HeoOX0AMMO YKasblBaTh Bce
YCIIOBUSl pPEaKIMi: HaJ CTPEIKOM — peareHThl, KaTaJu3aTOpbl, PacTBOPHUTENH, IO
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CTpEJIKOM — TeMIiepaTypa, Bpemsi, BbIXoJA. Eciu yclnoBusi peakiuil CHJIbHO 3arpyKaroT
CXEMYy, UX MOYKHO MEPEHECTH B KOHEI CXEMBI, pacn(pOBEIBas OYKBEHHBIMU MHIEKCAMH,
Hanpumep, i: HCI, H20, 80 °C, 5h. Takoii jxe OyKBEHHBIH HHIECKC IOJDKEH OBITh yKa3aH
HaJl CTPEJIKOIl COOTBETCTBYIOLIEH PEaKLIUH.

4.2. YpaBHeHHsI, CXeMBbl, TaOIHIbl, PUCYHKH U CCBUIKH Ha JIUTEPATypy HyMEpYIOTCS
B TNOPAJKE UX YIOMUHAHUS B TEKCTE U OOJJNCHbL ObiMb 6CMAGIEHbI 8 MEKCM CMAmbU
TI0CIIe MEPBOTO YIIOMUHAHUS. TaOIUIbl 1 PUCYHKH JJOJDKHBI COIIPOBOKIATHCS MOATNCHIO;
3aroJIOBKH K CXeMaM JIAI0TCsl IPH HEOOXO0MMOCTH.

4.3. Tlo BO3MOXXHOCTH CIEIyeT TOTOBHUTh PHCYHKH C ITOMOINBI0 KOMITBIOTEPA.
OmHOTHITHBIE KPHBBIC TOJDKHBI OBITH BBITOJHEHBI B OAMHAKOBOM MaciITabe Ha OIHOM
pucynke. KpuBble Ha pHCYHKax HyMepylTcs apaOCkumu nudpaMH, KOTOpBIC
pacmmpoBBIBAIOTCS B TOAMHUCAX K pUCYHKaM. [lIi BCeX PHCYHKOB HEOOXOIMMO
IpeACTaBuTh rpaduueckure (aiasl B popMaTe jpeg ¢ MUHMMAIbHBIM paspemenuemM 300
dpi. Hagnucn Ha pucyHKaxX JODKHBI OBITh Ha AHTIMHCKOM SI3BIKE U 10 BO3MOXHOCTH
3aMeHeHbl nudpamu, pacudpoBka KOTOPIX JAETCsl B TIOAIUCH K PUCYHKY.

OpvHOYHBIE TIPSIMBbIE, KaK MMPaBUIIO, HE PUBOJAT, a 3aMEHSIOT ypaBHEHHEM JIMHUH
perpeccun. [lepecedeHne oceli KOOPIUHAT CIIEAYET pacIojarath B JIEBOM YIUIy PUCYHKA,
CTPENIKM Ha KOHIIAX OCed He CTaBATCS, JMHHUM, OIPaHWYMBAIOIINE I0J€ PHCYHKa He
MIPUBOJATCS, MaclTaOHas CeTKa HE HAHOCHTCS. MalonH(pOpMaTHBHBIE PHCYHKH, HE
o0CyX/maeMble B CTaThe CIEKTPHI, BOJIBTAMIICPOTPAMMBI W JAPYTHE 3aBUCHMOCTH HE
myOnuKyoTCs. PHCYHKH CHEKTPOB He JOJKHBI ObITh BBINOJHEHBI OT PyKH. Bce
PUCYHKH IOJDKHBI UMETh HyMeparuio apaOckumu Imdpamu (€Cld PUCYHOK HE OJNH).
CnoBo «PuCyHOK» W HaWMEHOBAaHHE IIOMEIIAIOT IIOCJIE MOSCHUTENBHBIX NAaHHBIX H
pacrofararot cienyronmm oopazom: Pucyrok 1 — Jleramu npudopa.

4.4, Kaxnas TadJuua ODKHA MMETh TEMAaTHYECKHH 3arojIOBOK M IOPSAKOBBIN
apaOckuii HoMep (0e3 3Haka No), Ha KOTOPBIA NIaeTcs CChUIKa B TeKcTe (Tabmuma 1).
HaszBanue Tabauipl pacroniaraetcsi Haja TaOuuie ciea 0e3 ab3allHOTO OTCTYNa B OJIHY
CTPOKY C € HOMEPOM 4epe3 THpe 0e3 TOUKHM IMocie Ha3BaHUs. ['padbl B TaOJIHIIE JOKHBI
UMETh KpaTKHE 3aroJIOBKH, OTPa)KarolWe MapaMeTpbl, YHCIEHHbIE 3HAYCHUS KOTOPBIX
MIpYBE/ICHBI B Ta0JUIIE; OHM MHIIYTCS B UMEHUTEILHOM I1a/Ie)Ke €JMHCTBEHHOTO YHCIIa C
MIPONKCHOI OYKBBI M Uepe3 3alsTyl0 CONPOBOXKAAIOTCS COOTBETCTBYIOIIMMH €AMHUIIAMH
n3MepeHns (B cokpamieHHoil ¢opme). Pucynku wimm crpykrypHble (GopMynsl B Tpadax
Tabnui He nomyckatorcs. [Ipomyckn B rpadax mpu OTCYTCTBHMHM JAHHBIX 0003HAUYaroT
Tpems TOYKaMH, pu OTCYTCTBUH SIBIICHUS - 3HAKOM «THpEe».
IIpumedanus k TabIUIaM WHACKCHPYIOTCS apabCkuMu mudpaMyd W TMOMEMIAIOTCS B
rpaHUIax TabIHIE Mo MaTepruanoM Tadmuisl. CroBo «lIpruMeyanney ciemyer meyaraTh
¢ mponurcHOK OyKBHI ¢ ab3amna. Eciaum mpuMmedanue oHo, TO Tocie cioBa «lIpuMedanuey
CTaBUTCS TUPE U NPUMEYaHUE Me4aTaeTcsi C MPOnucHON OykBbl. Heckonbko npuMedaHuii
HYMEPYIOT 10 MOPSJAKY apaOCKuMH Ludpamu 0e3 MpOCTAaBICHUS TOYKU M MEYaTaloT C
ab3ana. B Tabauuax MCIoab3yIOT TOT K€ IWPUQT, YTO M B TEKCTE CTAThH; JIOMYCKACTCS
ymeHbieHHbld (He MeHee Ne 10 mpudt TimesNewRoman).

4.5. Tlpu BHIOOpE eAMHMII W3MEPEHUS] PEKOMEHIYeTCs IMPUACPIKHBATHCS CHUCTEMBI
CHU: 1, Mr, M, cM, MKM (MHKPOMETp, MHUKPOH); HM (HAHOMETp, MWIUIMMHKPOH); TIM
(rmxometp); E (anrctpem); ¢ (cekynma); muH, 4 (dac), ['m (repu); MI'm (merarepi); 3
(apcren); I'c (raycc); B (BombT); 3B (amekrponBOnbT); A (ammep); Owm, Ila (mackans);
MIla (meranackanp); rlla (rexromackanp); JIx (mkoyms); K (kemsBun), °C (rpamyc

Henwcus); 11 (Jebaii).
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B necATHYHBIX ApOOSIX Hesasi 4ACTh OTAeJsieTcsl OT APOOHOH He 3amsATOH, a
TOYKOM.

Hcnonp3ytoTcst  CIeAylomue COKpamleHUs:: T.KUM. ¥ T.OUI. (TOYKM KHIIEHHS |
IUIaBlieHUs) — Tmepen mmdpamu; KOHI. (KOHIEHTPUPOBAHHEIM mepen (opMyInoit
coenHeHUs); M — MoNeKylspHas Macca), MOJb, Kaj, KKajJ, H. (HOpMalbHEIH), M.
(MONAPHBII); KOHIEHTPALKs PacTBOPOB 0003HavaeTcs (r/cM®, 1/71, Momb/m).

J1s BcexX BIepBble CHHTE3UPOBAHHBIX COeJUHEHUH 00s3aTeJIbHbI JaHHbIE
3J1€eMeHTHOT0 aHAJIN3a JIH00 Macc-CEKTPbI BLICOKOTO pa3penieHns.

B 6pymmo-gopmyrax snementsl pacnonaraiorcsi B cienytonieM nopsiake: C, H u
Jajee COrjacHO JIaTHHCKOMY aindaBuTy. DopMyibl MOJIEKYJISPHBIX COCIUHEHHH H
OHUEBBIX couleil narorcst uepe3 Touky (Harnpumep, CsHsN.HCI). [Ipumep 3anmcu koHCTaHT
W JaHHBIX JIeMEeHTHoro anammsa: T.kum. 78°C (100 mm pt. ct.), T 50°C (EtOH),
ds%°0.9809, n?°1.5256; Haiineno, %: C 59.06; H 7.05; 1 21.00; N 8.01. CaHplcN¢Oe.
Beraucieno, %: C 59.02; H 7.01; 121.20; N 8.22.

UK u Y® cnekrpsl. B skcnepumentansHoll vact mist MK u YO cnekrpos
JIOJDKHBI OBITh yKa3aHbl XapaKTepHCTHUECKHE YaCTOTHI M0JIOC, JUTMHBI BOJH MakCHMYMOB
TTOTJIOMIEHUS, KOAPDHUITUEHTH! SKCTUHITUH (MITH UX JIOTApU(PMBI) U yCIOBHS, TIPA KOTOPBIX
3aIlicaH CHEKTP.

Hpumepwi 3anucu: UK cnexrp (ToHKHiI cnoif), v, cM™: 1650 (C=N), 32003440 (O-
H). Y® crextp (EtOH), Amax, HM (1ge): 242 (4.55), 380 (4.22).

Cnextpsl SIMP 'H u ®C. Jlomxkubl ObITH yKka3aHsl pabouas wyacToTa Ipubopa,
UCIIONIb30BAaHHBIA CTaHIAPT M PacTBOPHUTENb. [IPOTOHBI B cOCTaBe CIOXKHBIX TPYMIL, K
KOTOPBIM OTHOCHTCSl CHTHA&JN, CJEAyeT HOAYepKHyThb cHu3y — 3.17-3.55 (4H, wm,
N(CH2CHs),); asst monoxeHusl 3aMeCTUTeNIed HCIob30BaTh 0003Hauenust 3-CHs; mist
o0o3HaueHus monoxkeHuss atomoB — C-3, N-4 u 1.1, Ecnm kakod-HHOYIs CHUTHAT B
CIIEKTPE OIHCHIBAETCSA KakK JyOJIeT, TPUIUIET MK AyOJeT ayOneToB M T.II. (2 HE CHHIJIET
WM MyJbTHIUIET), HeoOxoxumo mpuBectu coorBercTByronme KCCB. Ecnu mpoBeneHs
JOTIOJTHUTEIBbHBIC HCCIIEAOBAHUS Ul YCTAHOBIICHUSI CTPOCHUSI MM HPOCTPAHCTBEHHBIX
B3aUMOAEHCTBUII aTOMOB, JOJDKHBI OBITh YKa3aHBI UCIIOJIB30BAHHBIE JBYMEPHBIE METOMBI.
B onucannu criektpos SIMP °C oTHeceHne KOHKPETHOTO CUTHANA K KOHKPETHOMY aTOMY
yriepoia NPUBOAMUTCS TOJBKO TOTJA, KOTAa OINpeJelieHue IMPOBEIEHO Ha OCHOBE
JIBYMEPHBIX KCIIEPHUMEHTOB.

Ilpumepot 3anucu:

Cruexrp IMPH (400 MI'u, CDCls), 3, m. 1. (J, I'm): 0.97 3H, T, J= 7.0, CH3); 3.91
(2H, k,

J=17.0, COOCH?); 4.46 (2H, 1, J= 6.1, NCHy); 7.10-7.55 (6H, m, H-6,7,8, NHCH,CgHs);
7.80 (1H,
c, HAr); 7.97 (1H, ¢, H-5"); 8.13 (1H, 1. n, J= 8.2, J= 2.3, H-5); 11.13 (1H, c, NH).

Crnektp SIMPEC (100 MT'n, JIMCO-ds), 3, M. a. (J, T'm): 36.3 (CH,CH3); 48.5 (C-5);
62.3
(CH,CHs); 123.0(CAr); 125.8 (11, 2Jcr = 26.1, C-3',5' Ar); 128.9 (CPh); 134.4 (C-5a);
168.3 (C=0).

Macc-cneKTpbl MPUBOAATCS B BHIC YKCIOBBIX 3HAYCHHH M/Z M OTHOCHTEIBHBIX
3HAa4YeHUH MOHHOrO Toka. HeoOXoauMoO yKa3blBaTh METOJl M OJHEPTUI0 HOHU3ALINH,
MacCOBbIe YHCJa XapaKTePUCTUUECKHX HOHOB, WX HMHTEHCHBHOCTbH I10 OTHOLICHUIO K
OCHOBHOMY HMOHY U IO BO3MOKHOCTH MX TeHe3HC. B ciryyae XMMUUECKOH HOHM3AIMN TIPU
OIMCaHWM Mpudopa HEOOXOMUMO YKa3aTh Tra3-peareHT. B Macc-clieKTpax BBICOKOTO
pa3pelieHHs] HalJCHHBIC W BBIYMCICHHBIC 3HAYCHUS M/Z TPHUBOIATCS C YCTHIPHMS
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JNECATUYHBIMHA  3HAKaMM; €CITM HallcHHOe 3HaueHWe M/Z COOTBETCTBYeT HE
MOJIEKYJIIPHOMY HOHY, OpyTTO-GOpMyJia ¥ BBIYHCICHHOE 3Ha4YeHHe M/Z TaxKke
IMPUBOJAUTCA IJIsL TOI'O KE MOHA.

Ilpumep 3anucu oannvix macc-cnekmpa: Macc-cuektp (Y, 70 3B), M/Z (lom, %):
386 [M]* (36),368 [M—H20O]* (100), 353 [M—H20-CH3]"* (23).

Macc-crexrp (XU, 200 3B), m/z (lom, %): 387 [M+H]*(100), 369 [M+H-H,0]* (23).

Ilpumep 3anucu OAHHBIX MACC-CREKMPA BbICOKO20 PA3PCULEHUA:

Haiineno, m/z: 282.1819 [M+Na]*. C17H2sNNaO.

Brrancieno, m/z: 282.1828.

4.6. laHHbIe PEHTreHOCTPYKTYPHOI'0 HCCJIeIOBAHHUS CIEIyeT NPEJOCTABIATH B
BHJIC PUCYHKA MOJICKYJIBI C TIPOHYMEPOBaHHBIMU aToMamu, Hampumep, C(1), N(3) (mo
BO3MOXKHOCTH B IIPEACTaBICHUH aTOMOB 3JIJIMIICO U JaMHUTEIIOBBIX Konebanuit). [lomHble
KpHucTayulorpadueckue JaHHble, TaONMIBl KOOPAWHAT aTOMOB, JUIMH CBA3€H W
BAJICHTHBIX YIJIOB, TEeMIlEpaTypHble (AaKToppl B JKypHaje He MyOnIuKyroTcs, a
JenoHupyrTces B KeMOpHIDKCKOM OaHKe CTPYKTYPHBIX JaHHBIX (B CTaThe yKa3bIBAeTCS
PEerUCTPalIOHHBIH HOMEp JACTIOHEHTA).

4.7. Tlo TpeboBaHUSIM MEXIyHApOJHBIX 0a3 maHHbIX Scopus, Clarivate Analytics,
Springer Nature mpu oLeHKe NyOJMKalWi Ha $3bIKAaX, OTJIMYHBIX OT AHTJIHMHCKOTO,
6ubmmorpaduyeckie CUCKN JODKHBI 1aBaThCsl HE TOJIBKO Ha SI3bIKE OPHTHHAlA, HO M Ha
natuaAIe (pomaHckuM andasutom). [ToaToMy aBTOPHI CTaTei, MOaBaEMBIX Ha PyCCKOM
1 Ka3aXCKOM S3bIKE, JOJDKHBI IPEIOCTAaBIATh CHHCOK JIUTEPATYphl B IBYX BapHaHTax:
o0oun na sazvike opueunana (CIUCOK JUTEPATYpPHI), & IPYTOM — B poMarcKoMm angasume
(References). Tlocnenuuii CIIMCOK BXOAUT B QHIIIMACKUI GJIOK, KOTOPBIA PaCIIONOKEH B
KOHIIE CTaTbhU.

Ecnu B crnmcke ecTh CCBUIKM Ha HMHOCTPaHHbIE MyOJHMKAllUM, OHHM MOJHOCTBIO
noBropsiforcst B crmcke References. Tlpu 1uTHpoBaHWUM PYCCKOSI3BIYHOTO JKypHAua,
HepeBOIMMOTO0 32 pyOeKOM, B PyCCKOSI3bIUHOM Bepcun CrHucka JIUTepaTypbl HEOOX0AMMO
MPUBECTH TMOJNHYI CCHUIKY Ha pPYCCKOsA3BIYHYKO Bepcuio, a B References — Ha
MEXIYHapOAHYIO.

Crmcok ucrounnkoB B References nomken ObITh HamMCaH TOJBKO Ha POMaHCKOM
andaBure- JgaTMHUIE (TIPH 3TOM OH JOJDKEH OCTaBaThCS IMOJHBIM aHaitoroM Crmcka
JIUTEPaTypbl, B KOTOPOM HCTOYHHWKHM OBLIM TIPEJCTABICHBI Ha OPHTHHAIBLHOM SI3BIKE
OITyOJINKOBaHMSA).

JIysl HanMcaHus CCHUIOK HA PYCCKOS3bIYHBIE HCTOYHUKH (M UCTOYHHKH HA WHBIX, HE
HCTIONB3YFOIINX POMaHCKHUH angasur, A3BIKAX) CllelyeT  WCIHONb30BaTh
O®UIIAJIBHBIN IMEPEBO/I 1 TPAHCJIMTEPAIUIO (cM. TpeGoBanms K mepeBoLy
U TPAHCITUTEPAIINHT).

B References tpeGyercst ciemyromas cTpykrypa OMOIHOrpaduUecKoil CCHUIKH W3
PYCCKOSI3BIYHBIX HCTOYHHKOB: aBTOPHI (TpaHCIUTEpalys), IEPEBO] Ha3BaHUs CTaTbH MM
KHUTH Ha aHIVIMICKNH s13bIK, Ha3BaHHE MCTOYHUKA (TpaHCIUTEpanus — JUIsl TeX M3JIaHuH,
KOTOpbIE HE MMEIOT YCTAHOBJICHHOTO DPEJaKLUUEeH aHTJIMHCKOro Ha3BaHUS), BBIXOJHBIC
JaHHBIC B II(pOBOM opMmare, yKazaHHe Ha S3bIK CTaTbu B ckoOKax (in Russian mim in
Kazakh).TpaHcnutepamiro MOKHO BBIIONHHUTH Ha caiite http://www.translit.ru.

YCIIOBHBIE COKpAleHNS! Ha3BaHWH PYCCKOSI3BIYHBIX JKypHAJIOB W CIIPABOYHHKOB
TIPUBOJSITCS B COOTBETCTBUH C COKPAIICHUSMH, IPUHATHIMU B «PedepaTtnBHOM XypHae
XUMHSD». aHTJIOS3BIYHBIX M JAPYTMX HHOCTPAHHBIX JKypHAJIOB — B COOTBETCTBHH C
COKpAIICHUSIMH, PEKOMEHIyeMbIMH Wu3maTenbcTBoM «Springer and Business Mediay:
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http://chemister.ru/Chemie/journal-abbreviations.ntm. Inss  crateii Ha pycckoMm u
Ka3aXxCKOM sI3bIKax Ha3BaHME >KypHama «Xumudeckuit JXypnan Kaszaxcrana» cnemyer
cokpawate: «Xum. Kypn. Kaz.» n «Ka3. Xum. KypH.» COOTBETCTBEHHO, a JJIsl CTaTed Ha
anrimiickoM s3eike: «Chem. J. Kaz.». [IpuBogstes hamMuinm 1 MHALNHAIE BCeX AaBTOPOB
(coxpatenus u dp. u et al He gomyckarorcs).

B Cuucke nureparypsl u B References Bce pa6otsl nepeuncisiorcs B IIOPSIAKE
IHUTHUPOBAHMUS, a HE B andaBuTHOM TOPSIKE.

DOIl. Bo Bcex ciyyasx, KOrJa y IIMTHPYEMOro MaTepHaia €cTh ITU(PPOBOI
I/IJIeHTI/I(bI/IKaTOp, €ro HGO6XO}II/IMO YKa3blBaTb B CaMOM KOHIE ONHNCAaHWUA HUCTOYHHUKA.
[poBepsaTh Hanmuume doi y WCTOYHMKA ciexyeT Ha caiite http://search.crossref.org wmu
https://www.citethisforme.com.

Just popMupoBaHMs CIIHCKa JUTEpaTyphl (BceX 0€3 HMCKIIOYEHHsS CCBUIOK) B
XKypnane npunst 6ubnuorpadudeckuii crannapt 0€3 HCHOIB30BAHUS PA3IESITUTEINS «//»:

Author A.A., Author B.B., Author C.C. Title of article. Title of Journal, 2005, 10,
No. 2, 49-53.

J1st Ka3axCKO- WIIM PYCCKOS3BIYHOTO UCTOYHHKA!

Author A.A., Author B.B., Author C.C. Title of article. Title of Journal, 2005, 10,
No. 2, 49— 53. (In Kazakh or In Russian).

Hwxe mpuBeneHs! 00pasiel 0(hOpMIIEHUS Pa3IUIHbIX BHIOB JOKYMEHTOB, KOTOPBIX
HEOOXOAMMO TIPHIEPKUBATBCS aBTOpaM Mpu  O(GOPMIICHHH POMAHCKOTO —CITHCKa
References.

OnucaHue cTaThbH U3 KYPHAJIOB:

Zagurenko A.G., Korotovskikh V.A., Kolesnikov A.A., Timinov A.V., Kardymov
D.V. Technical and economical optimization of hydrofracturing design. Neftyanoe
khozyaistvo. Oil Industry, 2008, No. 11, 54-57. (In Russian).

Omnucanne crateu ¢ DOI:

Zhang Z., Zhu D. Experimental Research on the localized electrochemical
micromachining. Rus. J. Electrochem., 2008, 44, No. 8, 926-930. doi:
10.1134/51023193508080077.

Onucanne NurepHeT-pecypca:

Kondrat’ev V.B. Global naya farmatsevticheskaya promyshlennost’ [The global
pharmaceutical industry]. Available
at: http://perspektivy.info/rus/ekob/globalnaja_farmacevticheskaja_promyshlennost_2011-
07-18.html (Accessed 23.06.2013).

nin

APA Style (2011). Available at: http://www.apastyle.org/apa-style-
help.aspx (accessed 5 February 2011).

nin

Pravila Tsitirovaniya Istochnikov (Rules for the Citing of Sources) Available
at: http://www.scribd.com/doc/1034528/ (Accessed 7 February 2011).

OnucaHnmne CTaTbU U3 JIEKTPOHHOTI'0 5KypHaJa:

Swaminatan V., Lepkoswka-White E., Pao B.P. Browsers or buyers in cyberspace?
An investigation of electronic factors influencing electronic exchange. Journal of
Computer-Mediated Communication, 1999, 5, No. 2. Available
at: http://www.ascusc.org/jcmc/vol.5/issue2/(Accessed 24 April 2011).

Onucanne cTaTbU U3 NMPOAOJKAIONIETOCs U3TaHNs (COOPHUKA TPYA0B)

Astakhov M.V, Tagantsev T.V. Eksperimental ' noe issledovanie prochnost
soedinenii «stal’- kompozit» [Experimental study of the strength of joints «steel-
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composite»]. Trudy MGTU

«Matematicheskoe modelirovanie slozhnykh tekhnicheskikh sistemy» [Proc. Of the
Bauman MSTU

«Mathematic Modeling of the Complex Technical Systemsy], 2006, No. 593, 125-130.

Onucanue MaTepuaJioB KOH(epeHMii:

Usmanov T.S, GusmanovA A, Mullagalinl.Z., MuhametshinaR.Ju.,
ChervyakovaA.N., SveshnikovA.V. Featuresof the design of the field development with
the use of hydraulic fracturing. Trudy 6 Mezhdunarodnogo Simpoziuma «Novye resurso
sheregayushchie tekhnologii nedropol’zovaniya i povysheniya neftegazootdachi» [Proc.
6" Int. Symp. «New energy saving subsoil technjologies and the increasing of the oil and
gas impact»]. Moscow, 2007, 267-272. (In Russ.)

HexemarenpbHO OCTAaBIATH OOHO IEPEBOJHOE Ha3BaHUE KOHGEpeHIHH (B ciydae
€CJIH HEeT TIePEBEJICHHOTO0 Ha aHTIUHCKUHN S3bIK Ha3BaHUA KOH(EPEHIMH), TaK KaK OHO
TIPH TIOTBITKE KEM- TUOO HANTH dTH MaTePHAIIbI, HACHTUPHUITUPYETCS ¢ OOIBIITAM TPYIOM.

Onucanne KHUTH (MOHOrpaduu, cOOPHUKA):

Nenashev M.F. Poslednee pravitel’stvo SSSR [Last government of the USSR].
Moscow, Krom Publ., 1993, 221 p.

Onucanne nepeBoHON KHUIH:

Timoshenko S.P., Young D.H., Weaver W. Vibration problems in engineering.
4thed. New York, Wiley, 1974.521 p. (Russ. ed.: Timoshenko S.P., lang D.Kh., Uiver
U. Kolebaniia v inzhenernom dele. Moscow, Mashinostroenie Publ., 1985. 472 p.).

Brooking A., Jones P., Cox F.Expert systems. Principles and cases studies.
Chapman and Hall, 1984. 231 p. (Russ. ed.: Bruking A., Dzhons P., Koks F. Ekspertnye
sistemy. Printsipy raboty i primery. Moscow, Radioisviaz’ Publ., 1987. 224 p.).

Onucanue quccepTanuy WM apropedepara quccepTamuu:

Grigor’ev Yu. A. Razrabotka nauchnykh osnhov proektirovaniia arkhitektury
raspredelennykh sistem obrabotki dannykh. Diss. Dokt. Tekhn. Nauk [Development of
scientific bases of architectural design of distributed data processing systems. Dr. tech.
sci. diss.]. Moscow, Bauman MSTU Publ., 1996. 243 p.

Onucanne 'OCTa:

GOST 8.596.5-2005. Metodikavypolneniia izmerenii. Izmerenie raskhoda |
kolichestva zhidkostei I gazov s pomoshch’iu standartnykh suzhaiushchikh ustroistv [State
Standard 8.586.5 — 2005. Method of measurement. Measurement of flow rate and volume
of liquids and gases by means of orifice devices]. Moscow, Standartinform Publ., 2007.
10 p.

niIn

State Standard 8.586.5 — 2005. Method of measurement. Measurement of flow rate
and volume of liquids and gases by means of orifice devices. Moscow, Standartinform
Publ., 2007. 10 p. (In Russian).

Onucanmne NaTeHTAa:

Patent RU 228590. Sposob orientirovaniia po krenu letatel’nogo apparata s
opticheskoi golovkoi samonavedeniia [The way to orient on the roll of aircraft with optical
homing head]., Palkin M.V., Ivanov N.M., Gusev B.B., Petrov R.H., 2006.
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4.9. IlpumMep aHTJIOSI3BIYHOTO 0JIOKA /ISl MPEACTABJIEHNS CTATHH, HANMCAHHOI

Ha fA3bIKE, OTJIHYHOM OT AHTJIHHCKOIO0:
Abstract

DETERMINATION OF THE HAZARD CLASS OF OIL-CONTAMINATED
AND NEUTRALIZIED SOIL

Zhusipbekov U.Zh.%, Nurgaliyeva G.0.%", Baiakhmetova Z.K.%, Aizvert L.G.?

1JSC «A.B. Bekturov Institute of Chemical Sciences», Almaty, Kazakhstan

2Scientific and practical center of sanitary-epidemiological examination and
monitoring of the Ministry of Health of the Republic of Kazakhstan Almaty, Kazakhstan

E-mail: n_gulzipa@mail.ru

Introduction. Pollution by oil has a negative effect on chemical, physical,
agrophysical, agrochemical and biological properties of soils. Sorption methods of
cleaning the soil with the help of humic preparations from oil pollution are of great
importance. The purpose of this work is to study the composition and properties of the
contaminated and neutralized soil, the determination of the toxicity indexes of all
components of oil waste, the calculation of the hazard class of waste according to their
toxic-ecological parameters. Methodology. Samples of the contaminated and neutralized
soil were treated with the use of humate-based energy-accumulating substances. The
metal content in the contaminated soil was determined by spectrometry using an AA 240
instrument using the method of decomposing the sample with a mixture of nitric,
hydrofluoric and perchloric acids until the sample was completely opened. Results and
discussion. Fractional composition of oil products of all samples is stable: the content of
complex acetylene hydrocarbons is ~ 70.0% of the total mass of oil products, the content
of resins and paraffin-naphthenic group of hydrocarbons is 27.3%, the content of bitumens
is 2.6%. In the neutralized soil, paraffin-naphthenic fractions, resins, bitumens and
asphalteneswere  mainly found; complex acetylene hydrocarbons are not
present. Conclusion. It has been established that the contaminated soil belongs to the
substances of the 3rd hazard class. Neutralized soil became less toxic and according to the
total toxicity index, it was classified as hazard class 4 (low hazard). Neutralized soil can
be used as construction and road materials, at the improvement of boreholes and at land
reclamation.

Keywords: oil, contaminated soil, neutralized soil, humate-based energy storage
substance, toxicity, radioactivity, hazard class.
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Fouapivm KapUUIAHBIMHBIH 3 TUKACHI

«Ka3zakcTaHHBIH XUMHUSJIBIK KypHaJIbD» (0yaan api — ’Kypnai) 6acnmacbIHbIH
agkKacel MeH Oac pemakTopbl «KapusiiaHy 3THKACBHI KOHIHIEri KOMHTET —

(Committee on Publication Ethics — COPE)»
(http://publicationethics.org/about),«Eypomnaabik FBLIBIMHA peIaKkTopJIapaAbIH
KaybIMaacThiFel  » (European  Association of Science Editors - EASE)

(http://lwww.ease.org.uk) skone FbUIBIMH KAPUAAHBIM THKACHIHBIH KOMMTETIH/IE
(http://publicet.org/code/) KaGbLIAAHBUIFAH XAABIKAPAIBIK TAJIANTAPALI YCTAHAIBL.

Bacma KpI3MeTiHZETI ofienke cail emec ic - opekeTTepAi (IUIaruar, sKajaraH aKmapaT
xoHe T.0.) OOJABIpMayFa >KOHE FBUIBIMH JKapHsUIAHBIMIAPABIH JKOFaphl CarachiH
KaMTaMachl3 €Ty YIIiH, KOJI JKETKi3reH FhUIBIMH HOTHKEIEPIi )KYPTIIBUIBIKKA JKapUsIIay
MaKCaThIHAa PENaKiMs ajKachl, aBTOpJap, PEUECH3EHTTEpP, COHal-ak Oacma yaepiciHe
KATBICATHIH MEKEMEJIep ITHKAJBIK HOpMaiap MEH epejkeNnepi caKkTayFa MiHAETTi JKOHE
onmapjAblH Oy3bUIMayblHa  Oapiblk Iiapamapisl naiimamanysl Taic. Ockl  yaepicke
KATBICYIIBLIAP/IBIH OapIBIFGIHBIH FHUIBIMUA JKAPHSUIAHBIMAAD JTUKACHIHBIH epexenepin
CakTaybl, aBTOPJAPIbIH 3UATKEPJIK MEHINK OOBEKTiIepiHe KYKBIKTApBIH KaMTamachl3
eTyre, >KapHsUIaHbIMJAAp CalachlH apTThIPYFa MKOHE AaBTOPJBIK KYKBIKIIEH KOpFalfaH
MaTepHalgapasl JKeKe TYIFalIapAblH My[Ieci YIIH MMalgasaHy MYMKIHZIITIH JKOIOFa
KOMEKTECE/I].

Penakiusira xibepiireH OapiblK FBUIBIME Makajajap MIHICTTI TypAe €Ki jKaKThl
KyIus capamnTtaMara xioepineni. JKypHanaslH peJakIMsIbIK alKachl MaKajlaHbIH KypHaT
TaKBIPHIOBIHA KOHE TAJNANTAphIHA COWKECTITIH aHBIKTAN/IbI, )KypHAJIFa TIPKEYy YIIiH OHBI
QIJIBIH ajla capajayFa >KypHAIIBIH KayanThl XaTIIbIChiHA Ki0epemi. On Komka30aHbIH
FBUIBIMU KYHIBUIBIFBIH QHBIKTAIl, MAaKala TaKbIPHIObIHA KAKBIH FHUIBIMH MaMaHIbIKTaPhI
06ap ekl Toyesci3 capamilblHbl aHBIKTaNAbl. Makanamapasl PeJakiUsUIbIK ajlKa JKOHEe
PEeNaKIMSIIBIK alKa MyIIeNepi, COHal-aK 0acka enjep/eH MIAKbIPbUIFAH PELECH3CHTTEP
capanTaiasl. MakajaHbl capanTay YIIH pElEeH3eHTTEpII TaHIay Typalsibl menrimMzai 6ac
penakTop Kabputnaiiael. Capanrtay Mep3imi 2-4 anTa »oHE PEIEeH3eHT OTiHINI OOWBIHIIIA
OHBI 2 amnTara y3apTyra 0oJajpl.

Penaknusi MeH pelieH3eHT Kapayra jkiOepisireH kapusuiaHOaraH MarepuanaapIbiy
KYNUSUTBIIBIFBIHA KeNUIiK Oepeai. XKapusiiay Typaiibl HICIIiM JKYPHAIBIH PEAAKIUSITBIK
aJIKachl TEKCEpreHHEH KeliH KaOwlimaHaabl. Kaxker OonraH sxarmaiina (pemaktop(iap)
JKOHE/HEMece perieH3eHT(JIep) TapalblHAH eCKepTYJepIiH 00Jybl) Kohka30a aBTopiapra
KOCBIMIIIA TY3€TyJiepre xiOepijieni, CoaaH KeiliH on KaiTa Kapajiaabl. ITHKa HOpMaJIaphbl
Oy3bUTFaH JKaFfmaiia, MakKalaHbl jXapusulaylaH Oac TapTy KYKbIFbIH Permakuusi esiHe
KaJapipazpl. JKayanTel peakTop Makaiaja IUlardat Jer eCenTeyre »eTKUTIKTI akmapar
OoJrFaH >karaaiiia OHbI JKapHsIayFa pykcaT oepMeii.

ABTOpJIap penakiysra KibepiireH MaTepraniapAblH kKaHa, OYpbIH XapHusiaanOaraH
JKOHE TYIHYCKA eKCHJIriHe Kemummik Oepemi. ABTOpiap FBUIBIMH HOTHXKEIICP/IiH
CEHIMIUTINI MEH MaHBI3ABUIBIFBIHA, COHJAW-aK FBUIBIMH O3THKA KaFUAATTapbIHBIH
CaKkTalyblHa, aTan aiTKaHAa, FBUIBIMH JTHKAaHbI OY3bUIMayblHa (FBUIBIMH JIEPEKTEep/i
KOJITaH jKacay, 3epTTey JACpeKTepiH OypManayra OKeJeTiH Oypmaiiay, IUIarHar >KoHe
JKaJIFaH OIpJICCKeH aBTOPJIBIK, KaiiTanay, 0acka agaMIapablH HOTHKEICPIH HEMICHY JKOHE
T.0.)TiKenei xayanThl.

Makanansl penakiusra Oepy aBTOpJap/blH MakajaHbl (TYITHYCKana Hemece Oacka
TiIEpre HEMece TULICH ayaapMania) 0acka KypHanra(Jiapra) »KiOCpMEreHIH XoHE Oy
MaTepuaIblH OYpBIH kapusimaHOaraHeiH Oinmmipeni. Omaii OonmMmaraH jkarmaiina mMakana
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aBTOpJiapra «ABTOPJBIK KYKBIKTHI Oy3FaHbl YIIIH MakKaJaHbl jKapusuiamay» JereH
mienriMMen Kaiftapbuiaisl. backa aBTop/bIH TybIHABICHIHBIH 10 Maiibl3aH acTaMbIH, OHBIH
ABTOPJIBIFBIH JKOHE JIEPCKKO3Ie CLITEMeNiepli KepceTnell ce30e-co3 Kemipyre xoi
Oepinmeniai. AJBIHFaH Y3iHALIEp HeMece MaJliMJieMeNep aBTOp MEH JIepPEeKKe3/i MiHAETTI
TYple KepceTe OTHIpbIN pecimMaenyi kepek. lllamanmaH Teic e3re MaTepHangapbl
naiianany, CcOHAal-aKk Ke3 KeNreH HBICAHAArbl IUIarkaT, COHBIH IIIiHAe JsHeKci3
nokiekcesnep, Oacka amaMAapAblH 3CPTTCYJICPIHIH HOTIDKCICPIH HEMJCHY JSTHKara
KaTmailopl JkoHe KaOburmaHOaWmbpl. 3epTrTey OapbiChlHA KATBIHACKAH 6apJIbIK
TYJIFANApIbIH YJIECIH MOMBIHIAY KaXeT *KOHEe Makajiajaa 3epTTEy/i *Kyprizyae MaHbI3/IbI
OonraH >KYMBICTapFa cinremenep Oepimyi kepek. bipieckeHn aBropiap apaceiHOa
3epTTeyre KaThICIaraH afiaMIapbl KOPCEeTyre ol Oepinmeiii.

ABTOp(J1ap) XKYMBICTapbIHIa KaTeikTep Oaiikajnca, OYJI Typaibl JAepey peaakTopra
xabapiar, Ty3eTy Typasibl YChIHBIC Oepyi THiC.

Komka36anbl Oacwlll mIBIFapynaH 0ac TapTy Typaibl IIENIM pPereH3EHTTepAiH
YCBIHBICTApBIH €CKEPE OTBIPBIN, PCAaKIUA aJlKaCbIHBIH OTbIPbICBIHAA Ka6LIJ'[[[aHa)II)I.
PenakiusuislK alKaHbIH MICHIIMIMEH jKapusilayFa YCHIHBUIMaraH Makajla Kaita Kapayra
KabbuImaHOaiapl. JKapusutayman 6ac TapTy Typaiasl xabapiiamMa aBTOPFa 3JICKTPOHIIBIK
TIOLITa apKBUIBI XKiOepineni.

JKypHanaslH peaakuusuIbIK alKachl MakajlaHbl JKapusulayra pykcaT Oepy Typaiibl
mienriM KaOblaFraHHAH KeHiH peJakiusUIbIK aJlka OYJ1 Typasibl aBTopra xabapaii/ibl JKoHe
Kapusuiay MapTTapblH Kepcereni. Makanara OepiireH mikipiaepAiH TymHycKacel JKypHan
PEeIAKIHUACHIHAA 3 KbUT CAKTAIBIHA/IBL.
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ITHKa HAYYHBIX My0IuKanuii

Pepakuuonnas KOJLJIerust u IJIABHBbIH peaaKkTop HAY4YHOI'0
sJKypHaJa «Xumudeckuii skypHaia Kazaxcrana» (nanee — XKypHau) npuaep:kuBaroTcs
NPUHATHIX MeKAYHAPOTHBIX cranapToB «Komurtera THKHU no
nyoaukamuam» (Committee on Publication Ethics — COPE)
(http://publicationethics.org/about),, «<EBponeiickoii accouMAUU HAYYHBIX
penakTopos» (European Association of Science Editors - EASE)
(http:/lwww.ease.org.uk) n «KomMuTera mo ITHKe HAYYHBIX MyOJIMKAMID

(http://publicet.org/code/)..

Bo mu30exanne HEJOOPOCOBECTHOI MPAKTUKH B MyOJIMKALMOHHOW IEeSITEIbHOCTH
(mmarmar, u3oXKeHHe HeTOCTOBEPHBIX CBEICHUIT U Ip.) U B LEISIX 00eCIeYeH s BBICOKOTO
KauyecTBa HAyYHBIX MyOJHKAIM, MPU3HAHKUS OOIIECTBEHHOCTBIO, MOTYyYCHHBIX aBTOPOM
HAyYHBIX pe3yJIbTaTOB, WICHBl PEIAKIMOHHOTO COBETA, aBTOPBI, PELICH3EHTHI, a TaKKe
YUPEKICHHUS, YIaCTBYIOIIUE B M3AATEIBCKOM Ipolecce, 00sS3aHbl COOMIONATh ITHYCCKHE
CTAHapThl, HOPMBl M NpaBWIa WM NPHHAMATh BCE MeEpBl U1 NPENOTBPAILCHUS HX
HapyweHuid. CoOllofeHne NpaBWJl STUKH HAay4HBIX ITyONMKAIMi BCEMH YYaCTHHKAMH
9TOr0 IpoIecca CIOCOOCTBYET OOECICUSHHIO IIPAaB aBTOPOB HAa HHTEIUICKTYAIBHYIO
CO6CTBCHHOCTI), IOBBIINICHUKD Ka4yeCTBa MU3AaHUA W HCKIHOYCHHIO BO3MOXHOCTH
HEIPAaBOMEPHOI'0 MCIIOJIb30BaHUA aBTOPCKUX MAaTEPUATIOB B MHTEPECAX OTACIbHBIX JIUII.

Bce HaydHBIe CTaThH, MOCTYIMBINHE B PENAKIUIO, TMOISKAT O00SM3aTCIHLHOMY
JIBOMHOMY clierioMy pelieH3upoBaHuio. Penakius XypHana ycTaHaBIUBaeT COOTBETCTBHE
cratbu npodmwno XKypHana, TpeboBaHHAM K ODOPMIICHUIO M HAMpPABISAET €€ Ha TEePBOe
paccMOTpeHHe OTBETCTBEHHOMY cekperapro JKypHana, KOTOPBIH OMpeAeNnseT HayuyHYrHo
LEHHOCTh PYKOIHCH ¥ Ha3Ha4yaeT ABYX HE3aBUCHMBIX PELEH3CHTOB — CIICLHAIIICTOB,
UMEIOIINX Hanboee ONN3KUE K TeMe CTaThU Hay4YHbIE CIICLHAN3alu. PenensupoBanue
cTaTeill OCYLICCTBIACTCS YWICHAMH PEIAaKIHOHHOIO COBETA U PEJAKIHOHHON KOJUICTHH, a
TaKKe NPUITIAIICHHBIMHA PELECH3CHTaMH JAPYTHX CTpaH. PemieHue o BBIOOpE TOro WM
WHOTO PeleH3eHTa Ul MPOBEACHHS SKCIIEPTH3bI CTATbU MPUHUMAET TJIaBHBIA PelaKTop.
Cpox pelieH3upOBaHMsI COCTaBIIsAeT 2-4 HENEeNH, HO IO MPOochOe pereH3eHTa OH MOMKET
OBITH NIPOIJICH, HO He OoJiee YeM Ha 2 HeJelH.

Perakumsi M peUEeH3eHT TapaHTUPYIOT COXPAaHEHHE KOHQMHICHINAIBHOCTH
HEOMyOIMKOBAHHBIX MAaTePHUAIOB MPHUCIAHHBIX Ha PacCMOTpeHne pabot. Pemenne o
nyOJIMKAIMU TIPHHIMAETCS PeJaKIHOHHON KoJuierueit JXKypHana mocie peleH3upOBaHusL.
B ciydae HeoOXxoquMocCTH (HaTMYMe 3aMeUaHnil peakTopa(-oB) U /UM perieH3eHTa(-0B))
PYKOIMCh HampaBIsieTCSs aBTopaM Ha J0paboTKy, IIOCNIE 4Yero OHa MOBTOPHO
peueHsupyetcs. Penakmus ocraBiser 3a co00il MpaBo OTKIOHUTH MYOJIHKAIMIO CTATHH B
cllydyae HapylieHHs MpaBui 3THKHA. OTBETCTBEHHBII pelakTop HE NOJDKEH JIOMYyCKaTh K
MyOJIMKaMy MHGOPMAIHIO, €CII MMEeTCsl TOCTaTOYHO OCHOBAaHMH IojaraTh, 4TO OHa
SIBJICTCS IUIATHATOM.

ABTOpPBI TapaHTHPYIOT, YTO NPEICTABJICHHBIC B PEIAKLHIO MaTepPHANbl SBISIOTCS
HOBBIMHU, paHee HeOHy6HI/IKOBaHHBIMI/I )51 OpUTHMHAJIBHBIMHU. ABTOpI:-I HECYT
OTBETCTBECHHOCTH 3a JOCTOBCPHOCTH M 3HAYMMOCTb HAYYHBIX PE3YJIbTATOB, a TaKKE
C06HIO)ICHI/IC TIPUHIUIIOB Hay‘lHOf/’I OTUKHU, B YaCTHOCTHU, HECAOIIYIICHUC d)aKTOB
HapYIICHHUs HAyYHOU 3THKH ((abpHKaIis HAYIHBIX JAHHBIX, QaTbCHPHKAIINS, BEIYIIAs K
HCKAXKCHHUIO  HCCIICNOBATENIbCKAX  JAHHBIX, I[UIArMaT ©  JIOKHOE COAaBTOPCTBO,
NyOnupoBaHue, TPUCBOCHUE UyKHUX PE3YIbTATOB H JIp.)
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Hamnpasnenue craTby B PEAAKIUIO O3HAYAET, YTO aBTOPBI HE NIEPEIaBAIN CTATHIO (B
OpPHUTMHAJIC WJIN B INEPEBOAE HAa APYIUE SI3bIKM WM C APYTHX SI3BIKOB) B IpPyrow(-ue)
XKypHaJI(BI) U YTO 3TOT Marepuayl He ObUI paHee OmyOIMKOBaH. B mpoTuBHOM cityyae
CTaThsl HEMEIUIEHHO BO3Bpalaercsi aBropam ¢ (GopMynnpoBkoi «OTKIIOHUTH CTaThiO 3a
HapyllIeHHe aBTOPCKHX mpaB». He nomyckaercss JociioBHOe KomupoBanue Oosee 10
MIPOIIEHTOB pabOoTHI IPYroro aBTopa 0e3 yKa3aHUs €ro aBTOPCTBA U CCHUIOK Ha NCTOYHHK.
3anMcTBOBaHHBIE (parMEHTHl WM YTBEPXKICHHS MOJDKHBI OBITH OQOpMIICHBI C
00s13aTeNbHBIM YKa3aHHEM aBTOpa W IIEPBOMCTOYHMKA. Upe3MepHbIe 3aMMCTBOBAHMS, a
TaKKe IuIaruaT B ar00oi ¢opme, BKIToUast Heo(OpMIIEHHBIE IIUTATHI, TepedpasupoBaHue
WM TIPICBOCHUE IIPaB Ha PE3yJIbTATHl Ty>KUX HCCIEIOBaHU, HEITHYHBI U HETIPHEMIICMEL.
HeobxoauMo mpu3HaBaTh BKJIAA BCEX JIMI, TaK WIM HHAade NOBIUSABIINX HA XOJ
WCCIIEIOBAaHNSA, B YACTHOCTH, B CTAaThE HOJKHBI OBITH IIPEACTABICHBI CCHUIKM Ha PabOTBHI,
KOTOpblEé HWMENHM 3HadeHHE TIpH MPOBEJCHUH wHccienoBaHus. Cpenu  COaBTOpPOB
HEZIOMyCTUMO yKa3bIBaTh JIUII, HE YIaCTBOBABIINX B UCCIIEIOBAaHHU.

Ecnu aBropom(-amu) oOHapykeHa omuOka B paboTe, HEOOXOAWMO CPOYHO
YBEIOMUTD PEIAKTOPa M BMECTE IPUHATH pelieHre 00 UCTIPaBICHUHU.

Pemenne 00 oTkaze B NyONMKAalUMM PYKOIHMCH MNPUHUMAETCS Ha 3aceJaHuM
PENaKIMOHHOW KOJUIETMM C YYeTOM peKoMeHjanuii peneH3eHToB. CraTbs, He
PEKOMEH/IOBaHHAs PELICHUEM DPEAAaKIHUOHHOW KOJUIEIMH K ITyOJIMKAlMu, K NOBTOPHOMY
paccmoTpennio He npuHHMaercs. CooOmenne 00 oTkase B MyOJMKALMK HarpaBiIsieTCs
aBTOPY MO 3JEKTPOHHON TIOUTE.

IMocne mpumsTHs penkomterneid JKypHama pemieHHs O JONMyCKEe CTaTbU K
MyOJMKAUN peakiusd HHGOpMHUPYeT 00 3TOM aBTOpa M YKa3bIBaeT CPOKU ITyOJIMKAITHH.
OpuruHaisl peLeH3ni XpaHsaTces B pegakuuu JKypHana B TeueHue 3 Jer.
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