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Synthesis and structure of condensed biheterocycles
on the basis of 3-amino-1,2,4-triazole

The article is devoted to the development of preparatively convenient methods for the synthesis of new deriv-
atives of 3-amino-1,2,4-triazole with the aim of constructing new condensed systems of industrially important
substances. The synthesis of triazolopyrimidines, prepared by three-component condensation of 1,3-di-
carbonyl compounds (anilide of acetoacetic acid and acetoacetic ether) with substituted aromatic aldehydes
and 3-amino-1,2,4-triazole. It is shown that by melting at 120—140 °C, in the absence of a solvent in equimo-
lecular amounts of acetylacetyl anilide and acetoacetic ether with a mixture of 3-amino-1,2,4-triazole and
substituted aromatic aldehydes (3-ethoxy-4-hydroxybenzaldehyde, salicylic aldehyde), leads to the 7-aryl-5-
methyl-N-phenyl-4,7-dihydro-[1,2,4-triazolo][1,5-a]pyrimidine-6-carboxamides and ethyl 7-aryl-5-methyl-
4,7-dihydro-[1,2,4-triazolo][ 1,5-a]pyrimidin-6-carboxylate-titrate respectively. The structures of the synthe-
sized compounds were studied by 'H and >C NMR spectroscopy, as well as with the data of the two-
dimensional spectra of COSY (‘H-'H) and HMQC ('H-"*C). The values of chemical shifts, multiplicity and
integrated intensity of the 'H and "*C signals in one-dimensional NMR spectra are determined. Homo- and
heteronuclear interactions were established using spectra in the formats COSY (lH—lH) and HMQC (‘H-"C),
confirming the structure of the compounds under study.

Keywords: 3-amino-1,2,4-triazole, 7-aryl-5-methyl-N-phenyl-4,7-dihydro-[1,2,4-triazolo][1,5-a]pyrimidine-
6-carboxamides, aromatic aldehydes, 'H- and 1’C NMR-spectra.

Introduction

The growing needs of mankind in new materials predetermine the vector orientation and tasks of organ-
ic synthesis, which involve the development of fundamentally new, convenient, economically and technolog-
ically sound, safe and competitive synthesis methods, as well as the production of previously unknown
chemical products. One of the modern trends in organic synthesis is the using of the polycomponent conden-
sations. Their attractiveness for synthetic chemists is connected with the combinatorial possibilities, the envi-
ronmentally oriented idea of «green chemistry», one-pot and the rejection of the solvent as the preferred
methods of practical implementation, allowing the synthesis of extensive libraries of substances in a short
time. Multicomponent reactions involving 1,3-dicarbonyl compounds (1,3-DCC), aldehydes, mono- and bi-
N-nucleophiles play an important role in fine organic synthesis and medical chemistry as universal methods
for the synthesis of a large number of biologically active compounds, for example, derivatives of pyridines,
pyrimidines [1, 2].

Pyrimidines are an important component of nucleic acids, and they have been used as building blocks in
pharmaceutical preparations for the synthesis of antiviral [3], anticancer [4], antibacterial and antifungal
agents [5].
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Previously [6], we synthesized the condensed biheterocycles — tetrazolopyrimidines obtained by three-
component condensation of anilide of acetoacetic acid with substituted aromatic aldehydes and the monohy-
drate of S-aminotetrazole. The closest structural analogue of 5-aminotetrazole is 3-amino-1,2,4-triazole. It
should be noted that derivatives of 1,2,4-triazole have wide range of physiological activity: hepatoprotective,
wound healing, antiviral, germicidal, etc. [7, 8]. They are used as additives to high photographic materials,
exhibit fungicidal, herbicidal and insecticidal properties [9, 10].

Continuing research into the synthesis of pyrimidine compounds [11, 12] with the aim of constructing
new condensed systems, we carried out the reaction of substituted aromatic aldehydes with 3-amino-1,2,4-
triazole and 1,3-dicarbonyl compounds (anilide of acetoacetic acid and acetoacetic acid ether), leading to the
formation of triazolopyrimidines.

Experimental

The 'H and C NMR spectra of compounds (1, 2) were removed in DMSO-d6 using a JNN-ECA 400
spectrometer (400 and 100 MHz on 'H and "°C nuclei) from Jeol, Japan. The survey was carried out at room
temperature using a DMSO solvent. Chemical shifts are measured relative to signals of residual protons or
carbon atoms of a deuterated solvent.

General procedure for the preparation of triazolopyrimidines (1—4). A mixture of 1,3-dicarbonyl com-
pound, aromatic aldehyde and 3-amino-1,2,4-triazole in equimolar amounts was held at 130-150 °C for 5-10
minutes until gas evolution ceased. The reaction mixture was cooled to room temperature, treated with ethyl
alcohol, and the precipitate was filtered off. The precipitate was recrystallized from acetonitrile.

7-(3-Ethoxy-4-hydroxyphenyl)-5-methyl-N-phenyl-4, 7-dihydro-[ 1,2,4] triazolo[ 1,5-a] pyrimidine-6-carb-
oxamide (1). The yield of the product (1) was 2.16 g (56 %), m.p. 245-247 °C.

7-(2-Hydroxyphenyl)-5-methyl-N-phenyl-4, 7-dihydro-[1,2,4]triazolo[ 1, 5-a]pyrimidine-6-carboxamide
(2). Product yield (2) was 2.6 g (63 %) with m.p. 100-105 °C.

Ethyl  7-(3-ethoxy-4-hydroxyphenyl)-5-methyl-N-phenyl-4, 7-dihydro-[1,2,4] triazolo[ 1,5-a] pyrimidine-
6-carboxylate (3). The yield of product (3) was 3.55 g (43 %), m.p. 225-228 °C.

Ethyl  7-(2-hydroxyphenyl)-5-methyl-4,7-dihydro-[1,2,4]triazolo[ 1, 5-a]pyrimidine-6-carboxylate (4).
The yield of the product (4) was 3 g (83 %), m.p. 145-148 °C.

Results and discussion

In this paper we present the results of the research of the product of a three-component reaction of the
anilide of acetoacetic acid and acetoacetic ether with substituted aromatic aldehydes and 3-amino-1,2,4-
triazole in the absence of a solvent and a catalyst. The three-component Biginelli reaction, originally pro-
posed for the synthesis of dihydropyrimidine-2(1H)-one by the reaction of aromatic aldehyde, urea and
acetoacetic ether, is now used with great success in the synthesis of dihydropyrimidine-2(1H)-thione and var-
ious annelated pyrimidines [13-23].

We found that the fusion of equimolecular amounts of an acetoacetyl anilide with a mixture of 3-amino-
1,2,4-triazole and substituted aromatic aldehydes at 130-150 °C resulted in 7-aryl-5-methyl-N-phenyl-4,7-
dihydro[1,2,4-triazolo][1,5-a]pyrimidine-6-carboxamides (1, 2), and with acetoacetic ether — ethyl 7-aryl-5-
methyl-4,7-dihydro-[1,2,4-triazolo[1,5-a]pyrimidine-6-carboxylate (3, 4). The resulting compounds (1-4) are
pale yellow powders soluble in DMF, DMSO, heated in ethanol, acetonitrile, insoluble in water.

R,
R CH, o
+ Ry
(0 (0}

H

_ 0 0 — R; H,;N
—N

R +
CH, “N\N/
— > - "
R
R}
L R, _
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QNH-; R,=OH; R,=0C,Hs; R;=H (1).
R= QNH-; R=R,=H; R;=0OH (2).

R= C2H50-; R|=OH; R2=OC2H5; R3=H (3).
R= CH.0-; R;=R,=H; R,;=OH (4).

Based on the analysis of the published data [4-6, 11, 12], it is possible to assume that at the first stage
of the reaction, as a result of the interaction of the 1,3-dicarbonyl compound with the aromatic aldehyde
molecule, an unsaturated compound I is formed, the interaction of which with 3-amino-1,2,4-triazole, leads
to the final reaction product. It is shown that in the 3-amino-1,2,4-triazole molecule there are two unequal
nitrogen atoms in positions 2 and 4 of the heterocycle, which allows us to consider the two most probabilistic
reaction products. However, the main and nucleophilic character of nitrogen in position 2 of the heterocycle,
apparently, causes the reaction to proceed in the direction predominantly to form the structure of A.

The proposed mechanism is confirmed by analysis of the IR and NMR spectra of 'H-, *C. The IR spec-
tra of compounds (1, 2) exhibit bands due to stretching vibrations of amide groups (1672—1684 cm™') and
NH groups (3085-3120 cm ™).

The "H NMR spectrum of compound (1) is characterized by the presence in the strong-field region of
the spectrum at 1.19 ppm triplet signal with an intensity of 3H with °J 6.9 Hz atoms of the methyl group
CH;”' ethyl radical. Another CH;'® methyl radical bound to the C* atom of a heterocyclic six-membered ring
does not have spin-spin interactions with neighboring protons
and is manifested at 2.12 ppm singlet signal with a content of
3H. In this part of the spectrum at 2.46 and 3.32 ppm the pres-
ence of solvent signals of DMSO-d6 and residual amounts of
water was noted. The methylene protons of the hydroxyethyl
radical were resonated with a multiplet signal in the range
3.76-3.89 ppm with an integrated intensity of 2H. The singlet
signal with intensity IH at 6.39 ppm corresponds to proton H°.
The protons of the aromatic system H' and H'", which have
hydrogen atoms adjacent to each other, which contribute to the
splitting of the spectrum, were manifested by doublet signals
at 6.56 (’J 7.8 Hz) and 6.56 ('] 8.2 Hz) ppm with intensities

M IH. The proton H'' of the aromatic cycle under consideration,
which does not have hydrogen atoms adjacent to it, was indicated by a singlet at 6.71 ppm with an intensity
of 1H. For an unsubstituted phenyl radical, all the protons appeared in the aromatic zone of the spectrum.
The asymmetric proton H*” was manifested in the form of a triplet signal at 6.96 ppm, corresponding to the
intensity IH, with *J 7.3 Hz. Equivalent H***® protons were manifested by triplet signals at 7.20 ppm with °J
7.8 Hz with an integrated intensity of 2H, whereas equivalent protons of H** were detected by doublet sig-
nals at 7.48 ppm with °J 7.9 Hz with a 2H content. The multiplicity of the signals under consideration, their
integrated intensity, and the values of the spin-spin interaction constants are in good agreement with the
NMR indices for aromatic systems. The methyl proton H’ of the five-membered heterocyclic system adja-
cent to two nitrogen atoms was manifested by the expected singlet at 7.59 ppm with an integrated intensity of
1H. The protons of the hydroxyl group H** and the protons bound to the nitrogen atoms of H* and H® were
manifested in the form of singlets with an integrated intensity of 1H each at 8.90, 9.66 and 10.10 ppm re-
spectively.

28 29
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In the ®C NMR spectrum of compound (1), the carbon atoms of the methyl groups resonated at
15.15 (C*") and 17.81 (C'®) ppm in the strong-field part of the spectrum. Then they showed themselves at
60.47 ppm C° atoms and at 64.43 ppm C*° atoms, which have a small screening effect on the carbon nucleus.
The other carbons of the bicyclic fragment were resonated at 104.35 (C"), 136.75 (C*), 148.24 (C*), and
150.23 (C’) ppm. Signals with chemical shifts at 113.35 (C'"), 115.96 (C'*), 120.02 (C**), 120.25 (C"),
123.77 (C*"), 129.08 (C***), 132.17 (C'), 139.58 (C**), 146.86 (C'*) and 147.29 (C") ppm belong to the
carbon nuclei of the two aromatic rings. In the most weakly-field region of the spectrum at 165.58 ppm the
carbonyl carbon atom C'° resonated.

The structure of compound (1) was also confirmed by two-dimensional spectroscopy of COSY (‘H-'H)
NMR spectroscopy and HMQC ('H-"C), which makes it possible to establish spin-spin interactions of ho-
mo- and heteronuclear nature (Fig. 1-4). The observed correlations in the molecule are shown in the dia-
gram. In the spectra of the 'H-'H COSY compound, spin-spin correlations are observed through three proton
bonds of neighboring methylene groups H*>*’-H**** (7.47, 7.20 and 7.17, 7.48), H**-H*" (7.20, 6.96 and 6.96,
7.21) and H”'- H*® (6.96, 7.20 and 7.20, 6.96). The coordinates 3.84, 1.18 and 1.16, 3.80 correspond to
homolytic interaction through three bonds of neighboring aliphatic protons H** and H*'. Heteronuclear inter-
actions of protons with carbon atoms through one bond were established using 'H-">C HMQC spectroscopy
for all pairs present in the compound: H’-C’ (7.57, 150.23), H**-C»% (7.48, 119.93), H***-C**** (7.19,
129.15), H-C? (6.94, 123.73), H''-C"" (6.70, 113.34), H*-C™ (3.82, 64.45), H"-C" (6.65, 120.32), H®-C®
(6.37, 60.47), H'®-C" (2.11, 17.83) and H*'-C*' (1.17, 15.05).

Figure 2. Correlations of HMQC (‘H-""C) compound (1)
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The structures of other compounds (2), (3), and (4) are also confirmed by single-dimensional '"H NMR
and “C NMR spectroscopy (Table) and homo- and heteronuclear correlations of COSY and HMQC NMR.

Table

'H and “C NMR spectroscopy data for compounds (1-4)

Compound No.

9, ppm.

H

13C

1.19 t (3H, CH5"™, °T 6.9 Hz), 2.12 s (3H, CH;"),
3.76-3.89 m (2H, CH,*), 6.39 s (1H, H®), 6.56 d (1H,
H", °J 7.8 Hz), 6.65 d (1H, H", °J 8.2 Hz), 6.71 s
(1H, H"), 6.96 t (1H. H”, °J 7.3 Hz), 7.20 t (2H,
H*** °J 7.8 Hz), 7.48 d (2H, H***,°] 7.8 Hz), 8.90 s
(1H, OH?), 9.66 s (1H, NH*). 10.10 s (1H, NH’)

15.15 (C*"), 17.81 (C™), 60.47 (C°),
64.43 (C*), 104.35 (C"), 113.35 (C'",
115.96 (C"), 120.02 (C*%), 120.25
(CY), 123.77 (C¥), 129.08 (C*?),
132.17 (C'), 136.75 (C%), 139.58 (C*),
146.86 (C'?), 147.29 (C"), 148.24 (C?),
150.23 (C), 165.58 (C'%)

2.26 s (3H, CH;™), 5.78 s (1H, H), 6.70 t (1H, H"),
6.95 d (1H, H"), 7.15-7.26 m (3H, H"****%), 7.36-
7.59 m (3H, H**%), 7.87 d (1H, H"), 9.64 s (1H,
OH'), 9.99 s (1H, NH®). 10.37 s (1H, NH*")

19.20 (C™), 60.29 (C°), 118.86 (C*),
119.18 (C'), 119.71 (C"), 120.19 (C*),
128.06 (C'), 128.81 (C"), 129.02 (C'),
129.09 (C*%), 129.32 (C*"), 150.18
(CY), 15122 (C°), 152.38 (C"), 156.43
(C*h), 170.88 (C'®

1.01 t (3H, CH;”, *J 7.0 Hz), 1.24 t (3H, CH5”', 1 7.0
Hz), 2.35 s (3H, CH;'"®), 3.87-3.98 m (4H, CH,”,
CH,™), 6.11 s (1H, H®), 6.50 dd (1H, H", °7 8.2, 1.8
Hz), 6.64 d (1H, H",*1 8.2 Hz), 6.72 s (1H, H'"), 6.96
t (1H. H”, °J 7.3 Hz), 7.20 t (2H, H***®, °J 7.8 Hz),
7.48 d (2H, H**, *J 7.8 Hz), 8.90 s (1H, OH>), 9.66
s (1H, NH*). 10.10 s (1H, NH’)

14.49 (C»), 15.21 (C™), 18.88 (C™).
59.62 (C%), 59.82 (C*), 64.41 (C*),
98.08 (C7), 113.41 (C'), 115.91 (C"),
119.80 (C"), 133.70 (C'%), 146.70 (C*®),
147.09 (C'%), 147.41 (C"), 150.45 (C°),
165.75 (C'%)

1.16 t (3H, CH;™, °J 6.9 Hz), 2.26 s (3H, CH;"), 3.99
k (2H, CH,*, 1 7.0 Hz), 6.76 d (1H, H", °J 8.8 Hz),
6.80 s (1H, H), 6.93 t (1H, H", °J 6.3 Hz), 7.06 t (1H,
H"Y, °J 7.3 Hz), 7.68 d (1H, H", °J 8.2 Hz), 9.38 s
(1H, OH"), 9.65 s (1H, NH®)

1432 (C™), 19.18 (C™), 44.87 (C°),
61.06 (C*), 98.67 (C%, 120.01 (C"),
122.79 (CP), 125.44 (C'"), 127.07 (CP),
128.87 (C"), 147.60 (C°), 150.20 (C°),
151.19 (C), 156.42 (C'), 165.39 (C'°)

Conclusions

The studies carried out for the first time the synthesis of novel 7-aryl-5-methyl-N-phenyl-4,7-dihydro-
[1,2,4-triazolo][1,5-a]pyrimidine-6-carboxyethylamidesi and 7-aryl-5-methyl-4,7-dihydro-[1,2,4-triazolo]
[1,5-a]pyrimidine-6-carboxylates. On basis of analysis of spectral data of their structure and methods NMR
'H- and “C-spectroscopy as well as two-dimensional spectra data COSY (‘H-'H) and HMQC ('H-"C) pro-
vided a mechanism of the reaction whereby the formation of the final product takes place through the inter-
mediate step of reacting 1,3-dicarbonyl compounds with molecules of aromatic aldehyde.

The source of research funding. The work was carried out with the financial support of the Committee
of Science and the Ministry of Education of the Republic of Kazakhstan on «Program-Targeted Financingy,
No. Registration 0115PK01782.
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3-AmuHo0-1,2,4-TpHUa30J1 Heri3iHae
KOH/IEHCHPJIEHTeH OMTeTePOUUKIAePAiH CHHTE3i MeH KYPbLJIbIMbI

Makana 3-amuno-1,2,4-Tpua3onablH JKaHa TYBIHIBUIAPHIH CHHTE3ZCYIe MPeHaparThl THIMII aicTepiH
JaMBITBIN, OHAIPICKE KAKETTI jKaHa KOHACHCHPJICHIeH KyHelepAi Kypy MakcaTblHa apHairaH. 1,3-mu-
KapOOHWIIAI  KOCBUIBICTApABbIH  (AleToCipKe KBIIUKBUIBIHBIH AHWIHAI JKOHE alleTOCIpKe KBIIIKBLIBI),
OPBIHAYBICTBIPBUIFAH ~ apOMATTHIK ~ albJCTHATED JKOHE 3-aMHHO-1,2,4-TpHA30NbIMEH  YIIKOMIIOHEHTTI
KOHJICHCAIMSCH! apKBIIBI aJIBIHATHIH TPHA30JI0-THPHMUIUHACP Il CHHTE3 ey Typajbl MATiMETTep KeNTipuImi.
EpiTkimici3 S5KBUMOJIEKYIISIPIIBIK MOJIIEp/IE alleTOCipKe KBIIIKBIIBIHBIH aHWINII MEH alleTOCipKe KBIIIKBUIBIH
KocTlachIMeH 3-aMHHO-1,2,4-TpHa30oi oHEe OpBIHAYBICTHIPBUIFAH apoOMAaTTHIK anpaeruarep (3-3Tokcu-4-
THUIPOKCHOCH3AIbICTHA, CaTHIMWI anbaerun) KocmackiMeH 120-140°C-ma OalKbITy apKbUIBI COHKeCiHIIe
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7-apun-5-metun-N-pennn-4,7-guruapo-[ 1,2 ,4-tpuazono][1,5-a]nupumMuann-6-kapbokcaMuaTep MEH ITHI
7-apun-5-metui-4,7-muruapo-[ 1,2,4-rpuazono][ 1,5-a]nupumuana-6-kapOOKCHIATTap ajdbIHYbl KOPCETi.
CHHTE3Ie/ITeH KOChLTBICTAPABIH KypbutbiMbel SIMP 'H- men'*C-criexkrpockomnus, exi kericrixri COSY (‘H-'H)
xone HMQC ('H-"C) onicrepimen 3eprrenini. bip kemicrixti SIMP criekTpiepinae XHMUAIBIK KO3FAIbIC-
TapIBIH CAHIbIK MOHIEpi, MynTHIUIeTTimiri skone 'H, *C cHrHAmmapblHbIH HHTErpanibl KapKbIHIBUIBEFSI
aHBIKTANIBL 3epTTeNred KOochUIbicTapisiH Kypsutbiel COSY (‘H-'H) u HMQC ('H-"*C) cnmexrpnepi
KOMETiMEH I'OMO- U TeTepPOSAPOIIBIK APAKATHIHACKIH aHBIKTAY apKbLIBI JQJICIACH .

Kinm ceszdep: 3-amuno-1,2,4-tpuasomn, 7-apun-5-metun-N-denui-4,7-murunpo-[ 1,2,4-rpuazono][1,5-a]nupu-
MUIHH-6-KapBOKCAMIATED, ApOMATTHIK anbaernarep, AMP'H- i *C-crexrprep.

O.A. Hypkenos, C.J1. ®a3puioB, T.M. Ceitnxanos, A.E. ApuHosa,
A.K. Ucaesa, JK.b. CatnaeBa, I'.K. Kapumnosa

CuHTe3 U CTPOEeHHEe KOHACHCHPOBAHHBIX OMIeTEePOIUKIOB
Ha ocHOBe 3-amuHO-1,2,4-Tpua3zogna

CraTbs NOCBsIILEHA pa3padOTKe MPenapaTUBHO YAOOHBIX CIIOCOOOB CHHTE3a HOBBIX IPOM3BOIHBIX 3-aMHHO-
1,2,4-Tpuazona ¢ Lenblo NOCTPOSHUS] HOBBIX KOHJIEHCHPOBAHHBIX CHCTEM NPOMBIIIIEHHO Ba)KHBIX BEIIECTB.
IIpuBeneHs! JaHHBIE 110 CHHTE3Y TPHA30JONMPUMUANHOB, MOTYYEHHBIX TPEXKOMIIOHEHTHOH KOHIEHCAIMeH
1,3-nnkapOOHMIBHBIX COSIMHEHUI (aHMINI alleTOYKCYCHOM KHCIOTHI M alleTOYKCYCHBIN 3(Hp) C 3aMeIleH-
HBIMU apOMAaTHUYECKUMHU anbleruaamu u 3-amuHo-1,2,4-tpuasonom. Ilokaszano, 4ro crmnasineHue mpu 120-
140 °C B oTCyTCTBHE PACTBOPUTEINS SKBHUMOJICKYJSIPHBIX KOJIMYECTB AHWINAA AlleTOYKCYCHOH KHCIOTBI U
aIleTOYKCYCHOTO 3(upa co cMechio 3-aMuHO-1,2,4-Tprazona 1 3aMEICHHBIX apOMAaTHUECKHUX allbICTHIOB (3-
ITOKCU-4-THAPOKCHOCH3AIbICTH ], CATMLIMIOBBIA albIeTH) MPUBOAUT K 7-apwi-5-metuin-N-penuia-4,7-
muruapo-[ 1,2.4-tpuazono][1,5-a|uupuMuans-6-kapObokcamMuiaM ¥ 3TWI  7-apui-5-MeTun-4,7-auruapo-
[1,2,4-tpuazono][1,5-a]nupumuann-6-kapOooKkcuIaTaM COOTBETCTBEHHO. MccienoBaHo cTpoeHHEe CHHTE3UPO-
BAHHBIX CoemuHeHHi Meromamu IMP 'H- u 13C-CHCKTpOCKOHI/II/I, a TaKXKe JaHHBIMU JABYMEPHBIX CHEKTPOB
COSY (lH—lH) u HMQC (1H-13C). OmnpenesieHbl 3HaUE€HUsI XUMUYECKUX CABUIOB, MYJIbTUIIJIETHOCTD U UHTE-
rpaibHAs MHTEHCHBHOCT cHrHa1oB 'H 1 °C B onHOMepHBIX criekTpax SIMP. C OMOIIBIO CIIEKTPOB B (op-
marax COSY (‘H-'H) u HMQC ('H-"*C) ycranoBiens! roMo- M reTeposiepHble B3aMMOIEHCTBIS, HOATBEp-
JKAIOIINE CTPYKTYPY UCCIIETyEMBIX COCUHCHUN.

Kniouesvie cnosa: 3-amuno-1,2.4-tpuazon, 7-apun-5-metun-N-penun-4,7-nuruapo-[1,2,4-tpuasono][1,5-a]
THPHMUIMH-6-KapBOKCAMIIEL, apoMaTHIeckie anbaeruasl, IMP'H- i C-criextps.
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Synthesis, structure and computer bioprognosis new hydrazons
based on hydrosides o- and p-hydroxybenzoic acids

Interaction of hydrazides of o- and p-hydroxybenzoic acids with substituted aromatic aldehydes yielded the
corresponding hydrazone derivatives. Using the computer program PASS, a bioproject of N-arylidene hydra-
zones was carried out and it was shown that their expected activity combines both the physiological activity
of the initial hydrazides of o- and p-hydroxybenzoic acids and the constituent components of the structural
molecule. The structures of the synthesized compounds were studied by "H NMR and *C NMR spectrosco-
py, as well as with the data of the two-dimensional spectra COSY ('H-'H) and HMQC ('H-'*C). The values
of chemical shifts, multiplicity and integrated intensity of the "H and "*C signals in one-dimensional NMR
spectra are determined. Homogeneous and heteronuclear interactions are established using spectra in the for-
mats COSY (‘H-'H) and HMQC ('H-"C), confirming the structure of the compounds under study. X-ray dif-
fraction study of N-(5-bromo-2-hydroxybenzylidene)-4-hydroxybenzohydrazide, whose molecule is bound by
a hydrogen bond to an ethanol solvate molecule.

Keywords: o- and p-hydroxybenzoic acid hydrazide, hydrazone, aromatic aldehydes, NMR spectroscopy.

Advances in the chemistry of hydrazides of carboxylic acids in recent decades are largely due to the
widespread use of these compounds as antituberculous drugs in medicine. It should be noted that considera-
ble progress has been made in the chemistry of hydrazides, which led to the creation of such anti-
tuberculosis drugs as phtivazide, saluside, and metazide [1, 2]. In recent years, interest in hydrazones has
increased again [3, 4], which is associated with a wide range of their biological properties. Hydrazones are
used in medical practice and agriculture [5]. It was interesting to obtain on the basis of hydrazides o- and p-
hydroxybenzoic acids carbohydrazones containing pharmacophore groupings. The structure of hydrazides of
o- and p-hydroxybenzoic acids has a great synthetic and biological potential, which makes it possible to de-
velop methods for the synthesis of new biologically active substances [6, 7]. Earlier, we synthesized various
derivatives [8] based on o- and p-hydroxybenzoic acid hydrazides, which showed pronounced antimicrobial
activity against Gram-positive strains (Staphylococcus aureus, Bacillus subtilis).

In the present work we synthesized hydrazones 3-20, the condensation of hydrazides of o- and
p-hydroxybenzoic acids 1, 2 with various aromatic aldehydes by heating equimolar amounts of aldehyde and
hydrazides in an ethyl alcohol medium at 60—70 °C and stirring for several hours.

0
_C:/ R2 R]
c/ = C//O
“NHNH, “NHN=CH-R;
1,2 320
R, = OH; R, = H (15 3-11); R, = H; R, = OH (2; 12-20)
Ry= 4FCGH, (1,3;2,12); _c=CH@
2-HO-5-BrCgH; (1,452,13); (1,105 2,19);
4-CH;0-CgH, (1, 5; 2, 14); (CH,)sCH;

2-HO-CgH, (1, 65 2, 15);
4-HO-C¢H, (1,75 2, 16);

CsHsN (1,8;2,17);
4-HO-5-C,Hs0-C¢H; (1, 9; 2, 18);

H 1,115 2,20);
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The reaction products 3-20 are highly crystallizable white substances, soluble in many organic sol-
vents; the yield of compounds is 70-90 %.

In the IR spectra of N-arylidenehydrazones of o- and p-hydroxybenzoic acids, 3—20 absorption bands of
stretching vibrations of the N—H group appear in the region of 3285-3355 c¢m™, and C=0 of the hydrazone
group at 1675-1690 cm™'. The group of characteristic bands 1600—1440 cm™ refers to stretching vibrations
of the aromatic ring.

In the strong-field NMR part of the 'H-spectrum of compound 16, signals of residual protons of solvent
and water are observed. The protons of methine groups of aromatic systems resonate in a weaker field:
o(H-2, H-6, H-15, H-17) = 6.80 ppm, 4 H; 6(H-14,18) = 7.49 ppm, 2H; 6(H-3,5) = 7.75 ppm, 2H. Signal
with a chemical shift of 8.28 ppm. And the integral intensity 1H belongs to the proton H-12. The highest-
frequency signals (9.95 and 11.40 ppm) can be attributed to the protons of one amino and two hydroxo
groups, respectively.

6__3 2

O 1817
HO- . C/: 1
7 8 'NHN=CH OH
2 3 16 10 11 12 16 19

14 15

NMR "C spectrum of compound 16 carbon atoms of CH-groups of two benzene nuclei give signals in
the weak-field region: 6(C-2,6) = 115.49 ppm; 6(C-15,17) = 116.21 ppm; 6(C-14,18) = 129.21 ppm; 8(C-3,5)
= 130.07 ppm. Quaternary atoms of aromatic systems give signals at 124.63 (C-4), 126.03 (C-13), 159.75
(C-16) and 161.04 ppm. (C-1). The signal with a chemical shift of 147.74 ppm. Corresponds to the sp’-
hybridized C-12 atom. High-frequency signal at 163.07 ppm. Refers to the carbonyl atom C-8.

Spin-spin interactions of compound 16 between H-H and H-C atoms via one or more bonds were estab-
lished by means of two-dimensional spectra of COSY (lH—lH) and HMQC (‘H-"C).

Spin-spin interactions of compound 16 between H-H and H-C atoms via one or more bonds and com-
pounds 20 between H-H atoms through three bonds were established by means of the two-dimensional spec-
tra of COSY ('H-'H) and HMQC ('H -"°C) (Fig. 1-4).

Figure 1. Correlations of COSY (‘H-"H) of compound 16

Figure 2. HMQC correlations (‘H-"C) of compound 16
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To prove the spatial structure of the N-arylidene-hydrazone derivatives of p-hydroxybenzoic acid, an
X-ray diffraction study of the ethanolic solvate of N-(5-bromo-2-hydroxybenzylidene)-4-hydroxybenzo-
hydrazide (13) was performed (Fig. 5).

Figure 5. Spatial structure of the ethanol solvate molecule
N-(5-Bromo-2-hydroxybenzylidene)-4-hydroxybenzohydrazide (13)

It follows from the obtained data that the bond lengths and valence angles in compounds 13 are close to
the usual ones (Tables 1-5) [9]. Molecule 13 is practically flat, but there is a slight reversal of the phenyl
cycles relative to each other (the dihedral angle between them is 5.9°).

Table 1
Bond lengths (d, A) in the structure of compound 13

Bond d Bond d
Br(1)-C(5") 1.894(5) C(6)-H(6) 0.9300
0O(1)-C(4) 1.361(5) C(1")-C(6" 1.388(6)
O(1)-H(01) 0.76(4) C(1")-C(2" 1.409(6)
0(2)-C(7) 1.226(4) C(1)-C(7) 1.451(5)
0(3")-C(2" 1.353(6) C(2")-C(3" 1.385(6)
0O(3")-H(03") 0.68(5) C(3")-C(4" 1.380(6)
N(1)-C(7) 1.354(5) C(3")-H(3" 0.9300
N(1)-N(2) 1.366(5) C4"H)-C(5" 1.384(6)
N(1)-H(1) 0.76(4) C(4")-H(4") 0.9300
N(2)-C(7") 1.274(5) C(5")-C(6" 1.372(6)
C(1)-C(2) 1.384(6) C(6")-H(6") 0.9300
C(1)-C(6) 1.392(5) C(7")-H(7") 0.9300
C(1)-C(7) 1.483(6) 0(4)-C(8) 1.407(6)
C(2)-C(3) 1.383(6) 0(4)-H(04) 0.82(6)
C(2)-H(2) 0.9300 C(8)-C(9) 1.440(8)
C(3)-C4) 1.389(5) C(8)-H(8A) 0.9700
C(3)-H(3) 0.9300 C(8)-H(8B) 0.9700
C(4)-C(5) 1.370(6) C(9)-H(9A) 0.9600
C(5)-C(6) 1.378(6) C(9)-H(9B) 0.9600
C(5)-H(5) 0.9300 C(9)-H(9C) 0.9600
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Table 2
Valent angles (, deg.) in the structure of compound 13
Angle o Angle 0
C(4)-O(1)-H(01) 109(4) 0O(3")-C(2H)-C(1" 122.9(4)
C(2")-0(3"-H(03") 115(5) C(3")-C(2")-C(1") 119.7(4)
C(7)-N(1)-N(2) 119.0(4) C(4")-C(3")-C(2") 120.2(4)
C(7)-N(1)-H(1) 120(3) C(4")-C(3")-H(3" 119.9
N(2)-N(1)-H(1) 121(3) C(2")-C(3")-H(3" 119.9
C(7)-N(2)-N(1) 117.7(4) C(3")-C4")-C(5") 120.0(4)
C(2)-C(1)-C(6) 118.0(4) C(3")-C(4")-H(4" 120.0
C(2)-C(1)-C(7) 117.6(4) C(5")-C(4")-H(4" 120.0
C(6)-C(1)-C(7) 124.4(4) C(6")-C(5")-C(4") 120.6(4)
C(3)-C(2)-C(1) 121.3(4) C(6")-C(5")-Br(1) 118.5(4)
C(3)-C(2)-H(2) 119.4 C(4")-C(5")-Br(1) 120.9(4)
C(1)-C(2)-H(2) 119.4 C(5")-C(6")-C(1") 120.3(4)
C(2)-C(3)-C(4) 119.8(4) C(5")-C(6")-H(6" 119.9
C(2)-C(3)-H(3) 120.1 C(1")-C(6")-H(6" 119.9
C(4)-C(3)-H(3) 120.1 N(2)-C(7")-C(1") 121.3(4)
0O(1)-C(4)-C(5) 123.3(4) N(2)-C(7")-H(7" 119.3
0(1)-C(4)-C(3) 117.2(4) C(1)-C(7")-H(7") 119.3
C(5)-C(4)-C(3) 119.5(4) C(8)-O(4)-H(04) 111(4)
C(4)-C(5)-C(6) 120.6(4) 0(4)-C(8)-C(9) 111.6(5)
C(4)-C(5)-H(5) 119.7 0(4)-C(8)-H(8A) 109.3
C(6)-C(5)-H(5) 119.7 C(9)-C(8)-H(8A) 109.3
C(5)-C(6)-C(1) 120.9(4) 0(4)-C(8)-H(8B) 109.3
C(5)-C(6)-H(6) 119.5 C(9)-C(8)-H(8B) 109.3
C(1)-C(6)-H(6) 119.5 H(8A)-C(8)-H(8B) 108.0
0(2)-C(7)-N(1) 121.3(4) C(8)-C(9)-H(9A) 109.5
0(2)-C(7)-C(1) 121.1(4) C(8)-C(9)-H(9B) 109.5
N(1)-C(7)-C(1) 117.6(4) H(9A)-C(9)-H(9B) 109.5
C(6")-C(1")-C(2" 119.3(4) C(8)-C(9)-H(9C) 109.5
C(6")-C(1")-C(7") 118.7(4) H(9A)-C(9)-H(9C) 109.5
C(2")-C(1")-C(7") 122.0(4) H(9B)-C(9)-H(9C) 109.5
0(3)-C(2")-C(3") 117.4(4)
Table 3
The coordinates of the atoms in the fractions of the cell in the structure of compound 13
Atom X y z Uleq)
1 2 3 4 5
Br(1) 5593(1) 8504(1) 1603(1) 80(1)
o(1) 7718(2) 1056(2) 3868(4) 67(1)
0(2) 4490(2) 3531(2) 914(3) 56(1)
0(3") 3466(3) 5582(2) 39(4) 69(1)
N(1) 5754(3) 4310(2) 1903(4) 51(1)
N(2) 5162(2) 4921(2) 1392(4) 49(1)
C(1) 6028(3) 2970(2) 2255(4) 44(1)
C(2) 5628(3) 2261(2) 1928(4) 53(1)
C(3) 6198(3) 1627(2) 2472(4) 56(1)
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Table 3 continuation

1 2 3 4 5
C(4) 7193(3) 1698(2) 3364(4) 50(1)
c(5) 7598(3) 2398(3) 3692(4) 57(1)
C(6) 7027(3) 3028(2) 3147(4) 57(1)
c(7) 5362(3) 3618(2) 1629(4) 47(1)
(1) 4979(3) 6244(2) 1203(4) 47(1)
cQ2) 3970(3) 6227(3) 409(4) 52(1)
(3" 3459(3) 6891(3) -19(5) 62(1)
c4) 3933(3) 7568(3) 333(5) 62(1)
(s 4924(4) 7584(2) 1116(5) 55(1)
(6" 5443(3) 6931(3) 1550(4) 54(1)
c(7) 5551(3) 5565(2) 1680(4) 53(1)
0(4) 7693(3) 4784(2) 2979(4) 75(1)
c(®) 8410(4) 5181(3) 4147(6) 105(2)
C(9) 8659(5) 4818(4) 5308(6) 119(3)

Table 4

The coordinates of the atoms in the fractions of the cell (x10%) in the structure of compound 13

Atom X y z U(eq)
H(2) 4962 2210 1330 64
HQ3) 5917 1155 2241 67
H(5) 8264 2447 4287 68
H(6) 7312 3499 3380 69
H(3") 2793 6882 -544 74
H(4") 3587 8014 45 75
H(6") 6108 6948 2078 64
H(7") 6215 5601 2206 63
H(01) 8240(30) 1150(30) 4440(50) 66(17)
H(03") 3740(40) 5270(30) 330(50) 70(20)
H(1) 6290(30) 4350(20) 2280(40) 40(13)
H(8A) 8184 5684 4085 126
H(8B) 8979 5219 4234 126
H(9A) 9152 5100 6086 179
H(9B) 8890 4322 5377 179
H(9C) 8100 4790 5235 179
H(04) 7590(40) 4970(30) 2330(60) 100(20)
Table 5
Torsion angles (7T, deg.) for compound 13
Angle Angle
1 2 3 4
C(7)-N(1)-N(2)-C(7") 179.2(4) C(6")-C(1")-C(2")-0(3") -179.3(4)
C(6)-C(1)-C(2)-C(3) -179.7(4) C(7)-C(1")-C(2")-0(3") 0.3(7)
C(7)-C(1)-C(2)-C(3) 0.3(7) C(6")-C(1")-C(2")-C(3" 0.3(7)
C(1)-C(2)-C(3)-C(4) -0.1(7) C(7)-C(1")-C(2")-C(3" 179.9(4)
C(2)-C(3)-C(4)-0(1) 179.9(4) 0(3")-C(2")-C(3")-C4") 179.6(5)
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Table 5 continuation

1 2 3 4
C(2)-C(3)-C(4)-C(5) -0.1(7) C(1)-C(2)-C(3)-C(4") 0.1(7)
0(1)-C(4)-C(5)-C(6) -179.9(5) C(2)-C(3')-C(4')-C(5") 0.0(8)
C(3)-C(4)-C(5)-C(6) 0.2(8) C(3)-C(4)-C(5')-C(6") -0.1(8)
C(4)-C(5)-C(6)-C(1) 0.1(8) C(3)-C(4')-C(5")-Br(1) 179.5(4)
C(2)-C(1)-C(6)-C(5) -0.3(7) C(4)-C(5)-C(6')-C(1") 0.3(7)
C(7)-C(1)-C(6)-C(5) 179.8(5) Br(1)-C(5)-C(6)-C(1") -179.3(3)
N(2)-N(1)-C(7)-0(2) 1.4(7) C(2)-C(1)-C(6')-C(5") -0.4(7)
N(2)-N(1)-C(7)-C(1) -177.0(4) C(7)-C(1)-C(6')-C(5") 180.0(4)
C(2)-C(1)-C(7)-0(2) 4.5(6) N(1)-N(2)-C(7)-C(1") -178.6(4)
C(6)-C(1)-C(7)-0(2) -175.5(4) C(6)-C(1')-C(7')-N(2) 180.0(4)
C(2)-C(1)-C(7)-N(1) -177.1(4) C(2)-C(1')-C(7')-N(2) 0.3(7)
C(6)-C(1)-C(7)-N(1) 2.8(7)

In a crystal, the molecule 13 forms the hydrogen bond N' H... O* (x, v, z) (distance N... O 2.956(5) A,
H... 0 2.22(4) A, angle N H... O 164(2)°) ¢ Solvate molecule of ethanol. The intermolecular hydrogen bond
O'-H... O* (distance O... 0 2.243(4) A, H... 0 1.89 5) A, the angle O H... O 174(5)°) is also observed, owing
to which the molecules 13 form Chains along the diagonal [«, o, c] parallel to the plane of this diagonal with
the b axis.

In order to establish the expected type of biological activity of the synthesized derivatives of 3—20 hy-
drides of o- and p-hydroxybenzoic acids, we conducted a bioprojection using one of the most effective PASS
(Prediction of Activity Spectra for Substances) computer program to date Chemical structure and a universal
mathematical algorithm for establishing «structure-activity» dependencies [10]. Types of biological activity
of compounds are presented in Table 6.

From the analysis of the bioprognosis data of N-arylidene hydrazones it follows that their expected ac-
tivity combines both the physiological activity of the initial hydrazides of o- and p-hydroxybenzoic acids and
the constituent components of the structural molecule. With a fairly high degree of probability, the com-
pounds can exhibit antibacterial, antitubercular, antiseptic, inhibitory activities and are of interest for the syn-
thesis and study of their biological properties.

Table 6

The results of a computer bioprojection of the expected type
of biological activity of compounds 3-9, 12-18

Comp. No. Probability Ranging Activity type names
1 2 3 4
0.807 0.005 HMGCS?2 expression enhancer
0.807 0.012 Beta-adrenergic receptor kinase inhibitor
3 0.784 0.003 Antituberculosic
0.785 0.004 Antimycobacterial
0.751 0.003 PfA-M1 aminopeptidase inhibitor
0.921 0.002 HMGCS?2 expression enhancer
0.898 0.002 Antituberculosic
4 0.875 0.003 Antimycobacterial
0.811 0.002 PfA-M1 aminopeptidase inhibitor
0.799 0.004 Antiseptic
0.826 0.003 Antimycobacterial
0.823 0.003 Antituberculosic
5 0.814 0.004 HMGCS?2 expression enhancer
0.810 0.012 Beta-adrenergic receptor kinase inhibitor
0.810 0.012 G-protein-coupled receptor kinase inhibitor
0.731 0.003 PfA-M1 aminopeptidase inhibitor
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Table 6 continuation

1 2 3 4
0.902 0.002 HMGCS?2 expression enhancer
0.837 0.003 Antituberculosic
6 0.830 0.004 Threonine aldolase inhibitor
0.819 0.004 Antimycobacterial
0.813 0.002 PfA-M1 aminopeptidase inhibitor
0.813 0.011 Taurine dehydrogenase inhibitor
0.851 0.008 Beta-adrenergic receptor kinase inhibitor
0.851 0.008 G-protein-coupled receptor kinase inhibitor
7 0.846 0.004 HMGCS?2 expression enhancer
0.836 0.003 Antituberculosic
0.818 0.004 Antimycobacterial
0.782 0.003 PfA-M1 aminopeptidase inhibitor
0.907 0.002 Antituberculosic
0.875 0.003 Threonine aldolase inhibitor
0.873 0.003 Antimycobacterial
8 0.869 0.005 Taurine dehydrogenase inhibitor
0.861 0.003 Amine dehydrogenase inhibitor
0.813 0.004 HMGCS?2 expression enhancer
0.738 0.004 Antiviral (Picornavirus)
0.876 0.002 Antituberculosic
0.863 0.007 Beta-adrenergic receptor kinase inhibitor
9 0.863 0.007 G-protein-coupled receptor kinase inhibitor
0.850 0.004 Antiseptic
0.843 0.003 Antimycobacterial
0.743 0.007 HMGCS?2 expression enhancer
0.822 0.011 Beta-adrenergic receptor kinase inhibitor
0.811 0.005 HMGCS?2 expression enhancer
12 0.758 0.004 Antituberculosic
0.760 0.004 Antimycobacterial
0.732 0.003 PfA-M1 aminopeptidase inhibitor
0.919 0.002 HMGCS?2 expression enhancer
0.893 0.002 Antituberculosic
13 0.872 0.003 Antimycobacterial
0.803 0.002 PfA-M1 aminopeptidase inhibitor
0.759 0.005 Antiseptic
0.824 0.011 Beta-adrenergic receptor kinase inhibitor
0.824 0.011 G-protein-coupled receptor kinase inhibitor
14 0.818 0.004 HMGCS?2 expression enhancer
0.804 0.004 Antimycobacterial
0.802 0.003 Antituberculosic
0.710 0.003 PfA-M1 aminopeptidase inhibitor
0.895 0.003 HMGCS?2 expression enhancer
0.876 0.003 Threonine aldolase inhibitor
15 0.831 0.003 Antituberculosic
0.831 0.009 Taurine dehydrogenase inhibitor
0.814 0.004 Antimycobacterial
0.798 0.002 PfA-M1 aminopeptidase inhibitor
0.862 0.003 HMGCS?2 expression enhancer
0.862 0.007 Beta-adrenergic receptor kinase inhibitor
16 0.862 0.007 G-protein-coupled receptor kinase inhibitor
0.815 0.003 Antituberculosic
0.801 0.004 Antimycobacterial
0.776 0.003 PfA-M1 aminopeptidase inhibitor
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Table 6 continuation

1 2 3 4
0.922 0.002 Threonine aldolase inhibitor
0.898 0.004 Taurine dehydrogenase inhibitor
0.898 0.004 Amine dehydrogenase inhibitor
17 0.883 0.002 Antituberculosic
0.855 0.003 Antimycobacterial
0.818 0.004 HMGCS?2 expression enhancer
0.758 0.004 Antiviral (Picornavirus)
0.872 0.006 Beta-adrenergic receptor kinase inhibitor
0.872 0.006 G-protein-coupled receptor kinase inhibitor
18 0.845 0.003 Antituberculosic
0.819 0.004 Antimycobacterial
0.772 0.004 Antiseptic
0.747 0.007 HMGCS2 expression enhancer
Experimental part

'H and "C NMR spectra of compounds 3—20 were recorded on a INN-ECA Jeol 400 spectrometer (fre-
quency 399.78 and 100.53 MHz, respectively) using a DMSO-dg solvent. Chemical shifts are measured rela-
tive to signals of residual protons or carbon atoms of deuterated dimethylsulfoxide.

X-ray analysis of compound (13). The cell parameters and the intensity of 6311 reflections (3293 inde-
pendent, R;,=0.0516) were measured on a diffractometer «Xcalibur Ruby (Oxford Diffraction)» (CuK,,
graphite monochromator, @, 0 scan, 4.03<76.13) at 293 K. The crystals are monoclinic, a=18.233(4),
b=17.857(4), c=13.191(3) A, p=130.3 (3)°, V=3275(1) A3, Z=8 (C,H;; N,O;Br . C,HsOH), The space
group C2/c, d...=1.546 g/crn3, 1=3.618 mm’'. The processing of the initial array of measured intensities and
accounting for the absorption was carried out according to the SAINT and SADABS programs.

The structure of compound 13 is deciphered by a direct method. The positions of non-hydrogen atoms
are refined in the anisotropic approximation by the full-matrix least squares. Hydrogen atoms at N', O', O™
and O are revealed from the difference synthesis and their positions are refined in the isotropic approxima-
tion. The remaining hydrogen atoms were placed in geometrically calculated positions and positions were
refined in an isotropic approximation with fixed positional and thermal parameters (the «rider» model). The
structure is deciphered and refined by the complex of programs «SHELXS-97» and «SHELXL-97» [11, 12].
The calculations used 1750 independent reflections with />26(/), the number of parameters to be refined
225. The final divergence factors R;=0.0501, wR»=0.0938 (in reflections with />2c(/)), R;=0.1085,
wR>=0.1190 (For all reflections), GooF=0.969. Peaks of residual density: Ap=0.258 and -0.430 e/A’. The
CIF file containing the complete information on the structure examined is deposited in CCDC under number
1546889, from which it can be freely obtained on request at the following Internet site:
www.ccdc.cam.ac.uk/data_request/cif.

N-(4-Fluoro-benzylidene)-2-hydroxybenzohydrazide (3). Yield 1.08 g (83.8 %), mp. 250-251 °C (1.4-
dioxane-hexane (1:2)). 'H-NMR (DMSO-dy), 8, ppm.: 6.23 d (1H, CH' ;;on, *Jins 7.5 Hz), 6.62 t (1H, CH’ om,
Jun 8.4Hz), 6.45 t (1H, CH? o, “Jun 8.5 Hz), 6.77 t (1H, CH* 1o, *Jin7.3 Hz), 7.74 d (2H, CH">" .om, *Jim
8.55 Hz), 7.89 d (2H, CH'"*"* ..., 2Jun 8.54 Hz), 8.57 s (1H, N=CH), 10.45 s (1H, OH), 11.85 s (1H, NH-N).

N-(5-Bromo-2-hydroxybenzylidene)-2-hydroxybenzohydrazide (4). Yield 1.35 g (80 %), mp. 295
°C. '"H-NMR (DMSO-dy), 8, ppm.: 6.90 d (1H, CH";om, *Jin 8.76 Hz), 6.95 t (1H, CH?;rom, Jun 7.42 Hz),
7.02 d (1H, CH' jyom, Jin 8.03 Hz), 7.32 d (1H, CH*;;om, Jun 7.58 Hz), 7.42 t (1H, CH 1o, Ju 8.35 Hz), 7.42 d
(1H, CH' ;;om, Jun 8.73 Hz), 7.76 s (1H, CHyrom), 8.57 s (1H, N=CH), 10.32 s (1H, OH"), 11.42 s (1H, OH),
11.98 s (1H, NH-N).

2-Hydroxy-N-(4-methoxybenzylidene)benzohydrazide (5). Yield 1.12 g (83 %), mp. 215-218 °C (2-
propanol). "H NMR (DMSO-dy), 8, ppm.: 3.76 s (3H, -O-CHj3), 6.26 d (1H, CH' 4o, Jun 7.5 Hz), 6.48 t (1H,
CH’ jom, Jun 8.5 Hz), 6.65 t (1H, CHyom» Jun 8.4 Hz), 6.80 d (1H, CH*;1om, Jun 7.1 Hz), 6.84 d (2H,
CH"" oms “Jun 8.7 Hz), 7.60 d (2H, CH"*'®,.om, *Junt 8.7 Hz), 8.35 s (1H, N=CH), 10.01 s (1H, OH), 11.49 s
(1H, NH). °C NMR DMSO-dy), 3, ppm.: 55.81 (-O-CH3), 114.84 (CH*®,p), 115.51 (CH">" 1), 119.81
(C*om)s 129.06 (CH'™ " .10), 130.11 (CH”rom), 147.36 (N=CH), 161.21 (C' roms C'®urom), 163.21 (-C=0).
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2-Hydroxy-N-(2-hydroxybenzylidene)benzohydrazide (6). Yield 1.15 g (90 %), mp. 273-275°C
(C,HsOH). "H NMR (DMSO-d;), 8, ppm.: 6.84-6.90 m (4H, CH**""7 ..}, 7.26 t (1H, CH’ jrom, “Jun 7.3 Hz),
7.47 d (1H, CH? yiom, *Jun 8.7 Hz), 7.67 d (1H, CH"® ,1om, *Jun 7.8 Hz), 7.79 t (1H, CH'®,om, *Jint 8.2 Hz), 8.56
s (1H, N=CH), 10.14 s (1H, OH"), 11.40 s (1H, OH"), 11.89 ¢ (1H, NH). *C NMR DMSO-d;), 8, ppm.:
115.12 (C?uom), 115.67 (CH 1om), 116.93 (CH4om), 119.22 (C"4om), 119.81 (CH;rom), 123.72 (Com),
128.12 (CH" o), 130.27 (CH'®4om, CH rom), 131.66 (CH’ o), 148.18 (N=CH), 157.98 (C"*1om), (Carom)s
166.48 (-C=0).

2-Hydroxy-N-(4-hydroxybenzylidene)benzohydrazide (7). Yield 1.06 g (83 %), mp. 277-278 °C
(C,HsOH). '"H NMR (DMSO-d;), 8, ppm.: 6.83 d (2H, CH"" ;com, “Jim 8.2 Hz), 6.92 dd (2H, CH*® siom, “Jun
16.0, *Juy 7.6 Hz), 7.38 t (1H, CH’ yom, Jun 7.8 Hz), 7.54 d (2H, CH"*'"®, .o, *Jun 8.2 Hz), 7.86 d (1H,
CHyvom, “Jin 7.8 Hz), 8.33 s (N=CH), 9.92 br.s (1H, OH"), 11.66 s (1H, NH), 11.96 br.s (1H, OH"). "*C
NMR DMSO-dy), 8, ppm.: 116.20 (Cyom), 116.29 (CH"" 1), 117.85 (CH® 4om), 119.38 (CH* ;rom), 125.60
(C"om), 128.81 (CH? 4om), 129.62 (CH'"™'®,.01), 134.25 (CH’om), 149.78 (N=CH), 159.85 (C'®;om), 160.21
(C'aom), 165.25 (C=0).

2-Hydroxy-N-(pyridin-4-yl-methylene)benzohydrazide (8). Yield 1.09 g (91 %), mp. 238-239°C
(C,HsOH). 'H NMR (DMSO-d,), 8, ppm.: 6.95 m (2H, CH* o), 7.41 t (1H, CH’4om), 7.63 d (2H,
CH'"" ), 7.84 d (1H, CH’;1on), 8.42 s (1H, N=CH), 8.62 d (2H, CH">",....), 11.96 br.s (2H, NH, OH). "*C
NMR DMSO-dy), 8, ppm.: 116.83 (C?yom), 117.77 (CH ;rom), 119.61 (Ciom), 121.59 (CH'™ '), 129.46
(CH? yom), 134.47 (CHyrom), 141.89 (C”om), 146.63 (N=CH), 150.81 (CH"";om), 159.17 (C'yom), 165.34
(C=0).

N-(3-Ethoxy-4-hydroxybenzylidene)-2-hydroxybenzohydrazide (9). Yield 0.9 g (60.6 %), mp. 196-198
°C (C4He). "H NMR (DMSO-dj), 5, ppm.: 1.33 t (3H, CHj, *Juy 6.9 Hz), 4.01-4.06 m (2H, O-CH,), 6.84 d
(1H, CH? yiom, “Jun 8.2 Hz), 6.94 dd (2H, CH'™* o, *Jun 7.6, 13.5 Hz), 7.07 d (1H, CH*;som, “Jim 8.2 Hz),
7.28 ¢ (1H, CH®rom), 7.34-7.41 m (1H, CH" ,1orn), 7.88 dd (1H, CH* 4om, *Jun 7.8, 13.7 Hz), 8.30 s (1H,
N=CH).

N-(2-Benzylidenoctylidene)-2-hydroxybenzohydrazide (10). Yield 1.20 g (69 %), mp. 157-158 °C (1.4-
dioxane). "H NMR (DMSO-dy), 5, ppm.: 0.80 t (3H, CH;~(CH,);-CH,-CH,—, “Jiyy 6.4 Hz), 1.21-1.32 m (6H,
CH;-(CH,);-CH,-CH,-), 1.48-1.55 m (2H, CH3-(CH,);-CH,-CH,-), 2.56 t (2H, CH;-(CH,);-CH,-CH,-),
6.80 s (1H, C=CH-), 6.89-6.93 m (2H, CH" .o, CH srom), 7.26-7.32 m (2H, CH’;yom, CH’ 4rom), 7.38 d (2H,
CH'"" oms “Jun 4.3 Hz), 7.40 d (2H, CH'** ,1orn, *Jun 4.3 Hz), 7.41 s (1H, N=CH), 7.83 d (1H, CH" o1, *Jin
7.3 Hz). ®C NMR DMSO-d;), 8, ppm.: 14.47 (CH;~(CH,);-CH,-CH,-), 22.61 (CH3-CH,- CH,-CH,-CH,-
CH,-), 26.24 (CH,-CH,-CH,- CH,-CH,-CH,-), 28.52 (CH;-CH,-CH,- CH,-CH,-CH,-), 29.46 (CH;-CH,-
CH,-CH,-CH,-CH,-), 31.46 (CH3-CH,-CH,-CH,-CH,-CH,-), 116.39 (Cluom), 117.79 (CHyon), 119.41
(CH® jrom), 128.41 (CH", o), 128.96 (CH?yom), 129.15 (CH'" o), 129.43 (CH',0n), 134.28 (CH jrom,
Com), 136.61 (C=CH-), 137.87 (C=CH-), 139.62 (N=CH), 159.65 (C'4om), 165.15 (C=0).

2-Hydroxy-N-(4-((E-)-styryl)benzylidene)benzohydrazide (11). Yield 1.55 g (91 %), mp. 278-279 °C
(C,HsOH). '"H NMR (DMSO-d;), 8, ppm.: 6.94 br.t (1H, CH"om), 6.95 br.d (1H, CH=CH-Ph, *J,;; 7.3 Hz),
7.27 d 2H, CH®* o, *Jun 11.0 Hz), 7.36 d (2H, CH"",..,), 7.37 d (1H, CH®,.), 7.40 d (1H, CH=CH-
Ph), 7.58 d (2H, CH** o, “Jim 6.9 Hz), 7.67 t (1H, CH’ jromm), 7.69 d (2H, CH'*" 1), 7.88 d (1H, CH jrom,
*Jun 6.4 Hz), 8.42 s (N=CH-Ph), 11,81 s (NH). C NMR DMSO-d;), 8, ppm.: 116.48 (C*om), 117.83
(CH® jrom), 119.48 (CH*,1om), 127.19 (CH"™" 1), 127.44 (CH*? o), 128.18 (CH'*" ), 128.29 (CH=CH-
Ph), 129.09 (CH’,1op), 129.28 (CH”? o), 130.25 (CH=CH-Ph), 133.81 (C"” o), 134.34 (CH’ ;1o), 137.39
(C* rom), 139.52 (C',om), 148.87 (N=CH-Ph), 159.60 (C',rom), 165.28 (C=0).

N-(4-Fluoro-benzylidene)-4-hydroxybenzohydrazide (12). Yield 0.87 g (67.5 %), mp. 183185 °C (2-
propanol). '"H NMR (DMSO-d;), 5, ppm.: 6.81 d (2H, CH*®,,. /i 8.7 Hz), 7.78 t (2H, CH*’ o, Jin 8.7
Hz), 7.74 d 2H, CH"" jrom, “Jun 8.55 Hz), 7.89 d (2H, CH'*"® o, “Junt 8.54 Hz), 8.58 s (1H, N=CH), 10.50
s (1H, OH), 11.83 s (1H, NH-N).

N-(5-Bromo-2-hydroxybenzylidene)-4-hydroxybenzohydrazide (13). Yield 0.85 g (51.1 %), mp. 293—
295 °C (C,HsOH). 'H NMR (DMSO-dy), 8, ppm.: 6.88 d (2H, CH*®,.om, “Jun 8.69 Hz), 6.90 d (1H, CH" jrom,
Jun 8.76 Hz), 7.42 d (1H, CH'® 1o Jun 8.73 Hz), 7.76 s (1H, CH'® 1), 7.83 d (2H, CH> ;rom, *Juu 8.54 Hz),
8.57 s (1H, N=CH), 10.15 s (1H, OH"), 11.42 s (1H, OH), 11.98 s (1H, NH-N).

4-Hydroxy-N-(4-methoxybenzylidene)benzohydrazide (14). Yield 1.21 g (90 %), mp. 220 °C (C,HsOH).
'H NMR (DMSO-dy), 8, ppm.: 3.76 s (3H, -O-CH;), 6.83 d (2H, CH"" ,;om, *Jun 8.7 Hz), 6.97 d (2H,
CH*®om, *Jun 8.7 Hz), 7.61 d (2H, CH"™" ., *Jun 8.7 Hz), 7.77 d (2H, CH**1om, ° Jun 7.8 Hz), 8.34 s (1H,
N=CH), 10.03 s (1H, OH), 11.46 s (1H, NH). *C NMR (DMSO-dy), 3, ppm.: 55.80 (-O-CH;), 114.85
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(CH*®om), 115.51 (CH"™" o), 124.61 (Cyom), 127.64 (CPom), 129.05 (CH'™™,0n), 130.11 (CH jrom),
147.34 (N=CH), 161.21 (C'srom, C'®4om), 163.19 (-C=0).

4-Hydroxy-N-(2-hydroxybenzylidene)benzohydrazide (15). Yield 0.85 g (67 %), mp. 260 °C (C,HsOH).
'H NMR (DMSO-dy), 5, ppm.: 6.85 d (2H, CH*®;om. Jun 8.7 Hz), 6.90 d (2H, CH">" o, Jun 8.76 Hz), 7.74
d (2H, CH*som, Jin 7.8 Hz), 7.54 1 (2H, CH'*"® .o, *Jun 8.2 Hz), 8.28 s (1H, N=CH), 9.98 br.s (2H, OH""?),
11.40 s (1H, NH).

4-Hydroxy-N-(4-hydroxybenzylidene)benzohydrazide (16). Yield 0.94 g (73,8 %), mp. 265 °C
(C,HsOH). '"H NMR (DMSO-d;), &, ppm.: 6.80 m (4H, CH**'>7_..), 7.50 d (2H, CH'*'®,..,), 7.74 d (2H,
CH’”,om), 8.28 s (1H, N=CH), 9.95 br.s (2H, OH""), 11.40 s (1H, NH). "H NMR (DMSO-d), 5, ppm.:
115.49 (CH* o), 11621 (CH™",0n), 124.63 (C'uom), 126.03 (C"uom), 129.21 (CH™",..), 130.07
(CH> 1om), 147.74 (N=CH), 159.75 (C'Csom), 161.04 (C';rom), 163.07 (C=0).

4-Hydroxy-N-(pyridin-4-ylmethylene)benzohydrazide (17). Yield 1.07 g (89 %), mp. 261-263 °C
(C,HsOH). '"H NMR (DMSO-dy), 8, ppm.: 6.84 d (2H, CH*®,..), 7.60 d (2H, CH'*"®,...), 7.79 d (2H,
CH* om), 8.37 s (N=CH), 8.60 d (2H, CH"",,,»), 10.12 br.s (1H, NH), 11.83 s (1H, OH). "H NMR
(DMSO-dy), 5, ppm.: 115.62 (CH*®,om), 121.41 (CH"™'®,0n), 124.07 (Ciom), 130.48 (CH” om), 142.26
(C”om), 144.83 (N=CH), 150.75 (CH"" 1orn), 161.45 (C'1rom)-

N-(3-Ethoxy-4-hydroxybenzylidene)-4-hydroxybenzohydrazide (18). Yield 1.37 g (91.9 %), mp. 240-
242 °C (C,HsOH). 'H NMR (DMSO-d;), 8, ppm.: 1.02 t (3H, -CH-CHs, *Jiy; 6.9 Hz), 1.31 t (3H, -O-CH,-
CH;, *Juy 6.9 Hz), 3.33-3.43 m (1H, -CH-CH,), 3.93-4.04 m (2H, -O-CH,-CH3), 6.80 d (2H, CH"**,om,
Jun 8.2 Hz), 6.82 d (1H, CH? 41om, *Jun 3.7 Hz), 7.03 d (1H, CH" o, *Jun 7.8 Hz), 7.24 s (1H, CH,om), 7.77 d
(2H, CH"?' o, *Jun 8.7 Hz), 8.27 ¢ (1H, N=CH). "H NMR (DMSO-d;), 8, ppm.: 15.24 (-O-CH,-CH3),
19.06 (-CH-CH3), 56.58 (-CH-CH;), 64.43 (-O-CH,-CH;), 110.87 (CH®om), 115.49 (CH'™*’0m, 116.07
(CHyiom), 122.42 (CHyrom), 124.64 (C’prom), 126.47 (C'om), 130.07 (CH'?',), 147.70 (N=CH), 149.60
(Carom)s 161.06 (C'arom), 163.15 (Csrom).

N-(2-Benzylidenoctylidene)-4-hydroxybenzohydrazide (19). Yield 0.52 g (30 %), mp. 255-257 °C
(C,HsOH). 'H NMR (DMSO-dy), 8, ppm.: 0.80 t (3H, -CH,-(CH,)4-CHs), 1.21-1.54 m (8H, -CH,-(CH,)s-
CH;), 2.57 t (2H, -CH,~(CH,),-CH3), 6.80 t (2H, CH'"",,.), 6.89 s (1H, C=CH), 7.31 d (2H, CH*” 410, 7.39
d (2H, CH*®,.), 7.40 d (2H, CH'**,..), 7.84 t (1H, CH'®,1), 8.12 s (1H, N=CH), 11.64 s (1H, NH), 11,87
s (1H, OH). "H NMR (DMSO-d,), 8, ppm.: 14.45 (-CH,-(CH,)4-CHj), 22.60 (-CH,-CH,-CH,-CH,-CH,-
CH;), 26.25 (-CH,-CH,-CH,-CH,-CH,-CHj3), 28.52 (-CH,-CH,-CH,-CH,-CH,-CH3), 29.44 (-CH,-CH,-
CH,-CH,-CH,-CH3), 31.46 (-CH,-CH,-CH,-CH,-CH,-CH;), 116.37 (CH* ,om), 117.81(Cyom), 119.40
(C=CH), 128.39 (CH" 1), 128.95 (CH""" 1), 129.13 (CH'** 1), 134.27 (CH” 1om), 137.85 (C"uom),
139.64 (C=CH), 153.97 (N=CH), 159.70 (OH-C';;om), 165.19 (C=0).

4-Hydroxy-N-(4-((E-)-styryl)benzylidene)benzohydrazide (20). Yield 1.36 g (80 %), mp. 274-275 °C
(C,HsOH). 'H NMR (DMSO-d;), 3, ppm.: 6.83 d (2H, CH*® ,.om, *Jun 9.2 Hz), 7.22-7.29 m (4H, CH",
CH* om, CH'™" 1), 7.34 t 2H, CH®™ 1o, *Jun 7.6 Hz), 7.58 d (2H, CH** .o, *Jun 7.9 Hz), 7.63-7.68 m
(3H, CH"" .., CH™), 7.78 d (2H, CH> om, “Jun 8.5 Hz), 8.38 s (1H, N=CH), 10.11 s (1H, NH), 11.64 s
(1H, OH). *"H NMR (DMSO-d;), 8, ppm.: 115.56 (CH**;1on), 124.39 (C*yom), 127.41 (CH'" o), 127.87
(CH™ 1om), 128.31 (CH,om), 128.42 (CH"), 129.28 (CH'*'®,.0m), 129.96 (CH™), 130.22 (CH”*,.0m),
134.22 (CH*” jioms C arom), 137.39 (C*'4iom), 139.06 (C'®4om), 146.94 (N=CH), 161.23 (C'4om), 163.24 (C=0).
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0- KIHE N-TUAPOKCHOEH30i KbIKbLIAAPHI Heri3inaeri
’KaHa TMAPA30HIAPAbIH CUHTE3i, KYPbUIbIMbI MEH KOMIbIOTEPJIIK 01000 1:KaM

0- KOHE N-THIAPOKCUOEH30i1 KBIIIKBUI THAPA3UATEPIHIH OpPBIHOACBUIFAH apOMAaTHKAIBIK aJlbACTHITCPMEH
OpeKeTTeCyl HOTW)KECIHAE THICTI IMApa3oH TybIHAbUIApH anblHAbl. PASS koMmbloTepiik OarmapramaHbl
KOJIIaHa OTBIPHIT, N-apHInaeHTuapa3oHaapra OnobomKaM XKYPriinim, oJaapabiH 60JDKaM/Ib! OeCeHALTINHIH
6acTankpl 0- XXOHE N-THIPOKCHOCH30W KBIMIKBII THAPA3HATEPiHIH (DU3HOIOTHSUIIBIK OCICeHIUTIKIIEH JKoHE
KYPBUIBIMJIBIK MOJICKYJIAHBIH KYpaMBIHJIAaFBl KOMIIOHEHTTEpiMeH OipikTipinreHi aHbIKTanmsl. CHHTE3menreH
Kocsuisictap SIMP 'H- xone *C-criekTpockonus omicTepMen, connaii-ak exi enmemai cnexrpiepmer COSY
(‘H-'H) 1 HMQC ("H-"*C) 3eprreningi. 'H nen *C SIMP kemenni crexTpiepisieri CHrHAIIapIbIH oJIIeM
KYHIBUIBIKTaphl MEH KaPKBIHABUIBIFBI, XUMUSUIBIK aybICBIMHBIH eceniniri Oenrinenni. COSY (IH-lH) MEH
HMQC ('H-"C) miuringi criexTpaep/in keMeriMeH 3epTTeiHreH KOCITBICTAPBIH KYPBUTBIMBIH ToNCIICHTIH
TOMO- JKSHE TeTepOsAPONBIK ©3apa OaiimanbicTapsl OekiTinai. N-(5-OpoM-2-ruapoKkcHOCH3MIHICH )-4-
THAPOKCHOCH30THAPA3HIiHIH PEHTICHKYPBUIBIMABIK 3€PTTEyl JKYPri3ilin, OHBIH CYTEKTIK OaiaHbIC
MOJIEKYJIACBIHBIH 3TaHOJI/IbI COJIBBATTHIH MOJICKYJIACHIMEH OailJIaHBICTBI €KEHITi Oenrini 6onmapl.

Kinm ce30ep: o- ®oHE n-TUIPOKCHOCH30H KBIIIKBLT THIPA3HIi, THIPa30H, apOMATHKAIBIK aibiaeruarep, SIMP
CHEKTPOCKOTIHS.

O.A. Hypkenos, XX.b. Carnaesa, C.J[. ®a3suos, K.M. Typapioexos,
T.M. Ceiinxanos, E.M. Cynelimenos, XX.b. MckakoBa

CuHTe3, cTpOeHHE M KOMNIbIOTEPHBbIH OHONMPOTrHO3 HOBBIX THIPA30HOB
HA OCHOBE T'MJAPA3UA0B 0- U N-TUAPOKCUOEH30MHBIX KHCJIOT

BsanmonelicTBueM ruapasuioB o- U A-THAPOKCHOCH30HHBIX KHCIOT C 3aMEIIEHHBIMH apOMATHIECKIMU ajlb-
JETHIAMH TIOJIydeHBl COOTBETCTBYIOUIME IPOM3BOJHBIE THMIpa3oHOB. C HCHOJIB30BAaHHEM KOMITBIOTEPHON
nporpammsl PASS nposenen 6uonporno3 N-apHinIeHIHIPa30HOB U TIOKA3aHO, YTO UX MpearnosaraeMas ax-
THUBHOCTb KOMOMHHMpPYET KaK (DU3HONOrMYECKYl0 AaKTHBHOCTh HCXOJHOTO THIpa3sHIOB O- U 7N-THI-
POKCHOEH30MHBIX KHCIIOT, TaK M COCTABISAIOIINX KOMIIOHEHTOB CTPYKTYpHOH Monekyibsl. MccremoBaHbl
CTPOEHMsI CHHTE3UPOBAHHBIX cOequHeHui Mertonamu SIMP 'H-u 13C-crn:ncrpocxom/m, a TaKKe JIaHHBIMH JIBY-
MepHBbIX criekTpoB COSY (‘H-"H) » HMQC ('H-"C). OnpezeneHsl 3HAYCHNUS! XUMUYECKUX CABUTOB, MYJIb-
THIUIETHOCTh M WHTErpaibHAs HHTEHCHBHOCTH curHanoB 'H um “C B omHoMepmbix chekrpax SIMP.
C nomomsio crekTpos B popmarax COSY (‘H-"H) u HMQC ('H-"°C) ycraHOBIeHBI TOMO- 1 TeTeposiepHble
B3aMMOJICHCTBUS, IIOATBEPXKIAIOMNE CTPYKTYpy HCCIeIyeMbIXx coenuHeHuil. [IpoBeneHO peHTreHo-
CTpyKTypHOEe uccienoBanue N-(5-0poM-2-ruppokcuOeH3mwInaeH)-4-rupoKCHOeH30THApasaa, MOJIeKya
KOTOPOTO CBsI3aHa BOJOPOJHON CBA3BIO C MOJIEKYJIOH 3TaHOIBHOTO COJIbBATA.

Kniouesvie crosa: ruapasus o- U n-rTHAPOKCUOEH30MHBIX KMCIIOT, THAPA30H, apOMAaTHYECKHE albIETHIbI,
SAMP-cniexTpockonus.
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HccnenoBanue aHTHOKCHIAHTHOM aKTUBHOCTH HpeIlCTaBHTeHeﬁ
TPUTEPIHECHOUAOB JIYIIAHOBOI'0 M 0JIEAHOBOI'0 psiia
ME€TOA0M BOJIBTAMIIEPOMETPUHA

B cBs13u ¢ mpucTanbHEIM BHUIMAaHHEM HCCIIEOBAaTENICH K N3y4EHHIO OMOJIOIMYECKOH aKTHBHOCTU IIPHPOIHBIX
COCIMHCHUH M WX CHHTETHYECKUX IPOM3BOIHBIX pa3pabOTKa IPOCTHIX M SKCIIPECCHBIX METOIOB UIS perre-
HUS 3TUX 3a]ad CTAaHOBUTCS 0c000 aKTyaslbHOW. BciexcTBue 3HAUMTENBHOM CTOMMOCTH M TPYHOEMKOCTH
MIPOBEAEHHST SKCIEPUMEHTOB in Vivo B TIOCIENHEee BpeMs Oojiee IIMPOKOE NMPHUMEHEHHE HaXOIT (DH3HKO-
XMMHYECKHE METOJIbI aHaIM3a, afalTUPOBAHHBIE MO U3MEPEHHE OINPEAENICHHOTO BHAa OHONOrHYECKON aK-
TUBHOCTH. K Mog0OHBIM MeTOZaM OTHOCSITCS MEKTPOXUMHUYECKHE METOJbI, 00NacTh MPUMEHEHHUS] KOTOPBIX
PacIpOCTPAHSIETCS Ha HEKTPOXHUMHUUECKUE MPOLECCHI, MPOTEKAIOMINE C YIaCTHEM 3IEKTPOAKTHBHBIX YACTHII.
HecmoTpst Ha MHOro0oOpasue M3BECTHBIX METOMAOB, JIUTEPATypHbIE CBEACHUS O CIOCO0aX M pe3ysbTaTax M3-
MEpEHHs aHTHOKCUJIAHTHOW aKTUBHOCTU INEHTALUKIMYECKUX TPUTEPIICHOUIOB OIPAaHUYCHBI HECKOIBKMMU
coobmenusMu. C HeNbl0 PacIIUpeHUs] BO3ZMOXKHOCTEH NMPUMEHEHUSI SIEKTPOXUMUIECKUX METOJOB IS HC-
ClleOBaHUS OMOJIOTMYECKOI aKTHBHOCTH yYKa3aHHOTO psijia COeANHEHMI, HaMu OBIIO NMPOBEAEHO OIpesene-
HHE UX aHTHOKCHJAHTHON aKTMBHOCTH BOJETAMIIEPOMETPHIECKHM METOJIOM. B pabore cpaBHHBanmch moka-
3aTenn aHTHOKCHJIAHTHOH aKTWBHOCTH CNEAYyIOMINX MpecTaBuTesel JTyIMaHOBOTO U OJ€aHOBOTO PSIOB: Oe-
TyJIMHA, qualerata 6eTyianHa U autoOerynuna. [lokasaHo, uTo auamerar OeTynrHa MPOsBIsAET Oosiee BhIpa-
JKEHHYIO aHTHOKCHIAHTHYIO aKTUBHOCTh. ClIeNTaHO MPENNOoJI0KeHNe O TOM, UTO JBOWHAS CBsI3b B U30MpOIIe-
HWJIBHOM (parMeHTe BBICTYIIAeT KaKk Hauboyee akTHBHBIN LIEHTD, B3aUMOCHCTBYIOINI ¢ paJMKalIaMi KHC-
1opoza. beTynuH nmokasbIBaeT CPelHION aHTHOKCUAAHTHYIO aKTUBHOCTb, IIOCKOJIBKY B €O CTPYKType IpH-
CYTCTBYIOT TPU KOHKYPEHTHBIX U MEHEE aKTHBHBIX IIPU OKUCIICHUU PEAKLMOHHBIX IICHTpA: KpaTHas CBA3b U
OH-rpymms! B 3- 1 28- nosnoxeHusx. HauMeHbIIyI0 aHTHOKCHAAHTHYIO aKTHBHOCTD HPOSIBIISICT AJUTOOETYIINH
C MEHee aKTUBHOW I'MAPOKCUIBHON TPYNIOH B 3-M MOJIOKECHUH.

Knioueswvie cnosa: TNEHTAUKINYECKUE TPUTEPIICHOUIBI, GCTYJ'II/IH, auanerar 6eTmeHa, annoGeTmeH, AHTH-
OKCHUAaHTHAasA aKTUBHOCTb, KaTOAHAs BOJBTAMIIEPOMETPHUA.

B Hacrosimee BpeMs CyliecTBEHHOE BHUMAaHUE UCCIIEIOBATENCH yIeNsIeTcsl U3yYeHUI0 OUOIOrHIecKoi
AKTUBHOCTU TPUPOAHBIX COEAMHEHUH, B TOM YHUCIIE TPUTEPIIEHOUJOB U WX CHHTETUYECKUX MPOU3BOIHBIX
[1-4].

U3BecTHO, YTO TPUTEPIICHOU B JIYIIAHOBOT'O psifia 00JaJat0T LIMPOKUM CIEKTPOM (apMaKoJIOrH4ecKoi
AKTUBHOCTU: AHTHUBUPYCHOH, IMPOTHBOS3BEHHOHM, IMPOTHBOOIYXOJICBOH, KaMWUIApOYyKperuitomeid [5-9].
Crienyer OTMETHTh, YTO IEHHOCTh TPUTEPIICHOWIOB JIYIIAHOBOTO Psijia 3aKIOYAETCsl B MX JOCTYIHOCTH B
MPUPOAE, YTO BHITOJHO JAJIsl BHEAPEHUS B (apMalleBTUUECKYIO0 MPOMBIIIIeHHOCT. K unciny Hanbonee moc-
TYIHBIX TPUTEPIICHOUAOB OTHOCUTCS OeTynmuH — 3[3,28-guruapokcu-20(29)-nymeH, coaepKammiics B 3Ha-
YUTENBHBIX KoamdecTBax (10 40 %) Bo BHemIHeH kope 6epessl [10].

Hapsany ¢ moBblIEHHBIM HHTEPECOM K OETYIHHY, HEYKJIIOHHO PacTeT BHUMAaHHUE CIICLHAINCTOB K €T0
MPOM3BOJHBIM, 00JIaJAI0IMM IEHHBIMU cBOiicTBaMu. Tak, aunanerat OerynuHa — 3f3,28-1uaneTokcu-mymn-
20(29)-eH — TPOSBIAET KESITYETOHHYIO ¥ THITOJMITHICMUYECKYIO aKTHBHOCTD [5, 11], ammoberymua — 3[3-
rugpokcu-19p,28-snokcu-180-o01ead 1 ero NpoU3BOAHBIE 00JaIAI0T MPOTUBOBUPYCHBIM U aHTH()UIAHTHBIM
nectBusamu [12, 13].

Panee B pabote [14] Obuta ompeseiicHa aHTHOKCHAaHTHas aKTUBHOCTh (AOA) HEKOTOPBIX MPOMU3BO/I-
HBIX OeTynnHa W auto0eTyJIMHA C HCIIONb30BAHNEM aMIIepPOMETPHUIECKOTo MeTofa. MakcuMaiapbHOe 3Hade-
nue AOA 0Obut0 ycTaHoBieHO s 3,28-au-O-uuHHamaTa OeTyiauHa. ABTOpBI paboTsl [15] mpoBoauau u3y-
yeane AOA amanerata OeTynnHA B SKCIEPUMEHTAX in Vitro W in vivo, Ha OCHOBAaHUH MOTyYEHHBIX JaHHBIX
OBLIO ClIENTaHO MPENOIOKEHUE, YTO JUaneTar OeTyJIMHa BBICTYIIAET B POJIM JIOBYIIKHU Ui aKTUBHBIX (OpPM
KHCJIOPOJa, a TaKkKe CrIocoOeH J100 CTUMYIMPOBAaTh CMHTE3 aHTUOKCHAAHTHBIX (PEPMEHTOB — CYINEPOK-
CHUAJMCMYTA3bl U KaTajasbl, MO0 HETOCPEICTBEHHO BIMUATh Ha MX aKTHBHOCTb.

Cepusa «Xumuns». Ne 3(87)/2017 31



O.A. BopoHoBa, E.B. IMnoTHukoB un gp.

HenocratkaMu 3KCIEPUMEHTOB in Vivo SIBISIIOTCSI BBICOKAs CTOMMOCTh PACXOJIHBIX MaTEpHANIOB U TPY-
JOEMKOCTh aHanu3a. [loaToMy B mocieqHee Bpemsi Ooliee IMUPOKOE MPUMEHEHHWE HAXOJAT (U3UKO-
xumudeckrue MeTonsl aHanm3a (OXMA), KoTophle IMO3BOJISIOT HE TOJIBKO OBICTPO M Ka9eCTBEHHO IPOBECTH
UICHTU(DUKAIIUIO CIOXKHBIX OPTraHMYECKUX BEIIECTB, HO U ONPEACIHUTH MapaMeTPbl HEKOTOPHIX OMOJIOTHYEC-
CK{ 3HAYMMBIX CBOMCTB OpraHMYECKUX coequHeHnH. Cpenn Takux METOJOB aHajn3a 0co00e MECTO 3aHMMa-
0T DJIEKTPOXHUMHYECKUE METO/IBI, 00JIACTh MPUMEHEHHUSI KOTOPBIX PACIpPOCTpPaHSIETCS Ha MPOIECCH, CBA3aH-
HBIC C YYACTHEM DJICKTPOAKTHBHBIX yacThil. OHAKO, HECMOTPS Ha MHOT000pa3ue MOIU(PUKAIINI H3BECTHBIX
METO/JIOB, JINTEPATYPHBIC CBEIICHUS O CIoco0ax W pe3ynbTarax m3MepeHns AOA TEHTANUKINYECKUX TPH-
TEPIICHOWIOB OTPaHMYCHBI HECKOIBKMMHU cooOImeHusMu. ClieoBaTenbHo, pa3paboTka YyBCTBUTEIBHBIX,
JKCIIPECCHBIX U CEJIEKTHBHBIX METOJIOB aHAIIM3a ISl 3TOTO PSAJIa COSAUHEHUH IO CUX TIOP OCTAETCs aKTyallb-
HOM 3a71aueil.

Lenpio mccnenoBaHusl ABISETCS CPAaBHEHHME aHTHOKCHIAHTHOW aKTHBHOCTH Dsi/la TEHTAIIUKIMYECKUX
TPUTEPIICHOMIOB — O€TyNuHa, quarerata OeTyauHa U auto0eTyJIMHa Ha OCHOBE MPUMEHEHHS BOJIbTaMIIe-
POMETPUUYECKOT0 METO/IA.

Obopyodosanue u peazenmol

berynuH BBIIEISUTH W3 TIpeIBapUTEILHO W3MENIbUEHHON OepecThl Betula pendula o metomy [16]. du-
areraT OeTyJIMHA W alI00ETYJIMH MOJIyYalld 10 MEeToJaM, OIMCaHHBIM B padoTtax [15] u [17] cooTBeTcTBEH-
Ho. CortacHo JUTEpaTYPHBIM JaHHBIM, IEHTAIMKIMUECKUE TPUTEPIICHONIBI IPAKTUYECKHA HE PACTBOPUMEI B
BOJIE, IO3TOMY B Ka4€CTBE PACTBOPHUTES AJISI IPUTOTOBJICHUS CTAHAAPTHBIX PacTBOPOB OeTyNnHA, AUaleTa-
Ta OeTynuHA ¥ aJT00eTyIMHA HaMU OBIT BBIOpaH 3TaHo. Vcrmonp30BaHne JAHHOTO PACTBOPUTES TIO3BOJIACT
MOJy4aTh BOJHO-OPTaHUYECKUE CMECH CO 3HAYMTENbHBIM COAEP)KaHHEM TPUTEPIICHOUIOB 0€3 pacciocHusI.
OCHOBHO# CTaHAapPTHBINA PACTBOP MOJTYyYaId PACTBOPSCHHEM HaBeCKU cyOcTaHuuu maccoit 0,02 r B aTaHOJIC
o0vemoM 10 mit.

UccnenoBanrss mpoBOAWMIM Ha YHHBEPCAJIbHOM BOJIETAMIIEPOMETpHYECKOM aHanmu3atope «TA-2»
(OO0 «Tombananut», r. Tomck, Poccus). YcnoBusi mpoBeaeHus] SKCIEPUMEHTA: pa3BepTKa MOTEHIHAIA OT
0,0 no —0,8 B ¢ auneliHo# ckopocThio 30 MB/c, Bpemst niepemennBanus U ycrokoenus pacrsopa 10 ¢ u 20 ¢
COOTBETCTBEHHO, TPEX3JCKTPOAHAsl sYeHKa C MHAMKATOPHBIM PTYTHO-IUICHOYHBIM BJIEKTPOAOM U XJIOPHI-
cepeOpSIHBIMH 3IIEKTPOIAMH KaK 3JIEKTPOJ CPAaBHEHUSI U BCTIOMOTaTENbHBINA 3JIEKTPO.I, (POHOBBIA AJIEKTPOJIUT
0,1 M ciupTOBEIi pacTBOp MEepXIOpaTa HATPHSL.

Memoouka nposedenus s3xcnepumenma

AHTHOKCHIAHTHBIC CBOUCTBA OCTYIHHA, AUaIeTaTa OCTYIHHA U aJUTOOETYIMHA ONPEACTSUTUCH METOIOM
KaTOJTHOH BOJILTAMIICPOMETPHUH 110 U3BECTHOW METOMKE, OCHOBAaHHON Ha MCIOJIB30BaHHUH ITpoIlecca BOCCTA-
HOBJICHUS Kucaopona [18].

MeToanka onpe/ie/icHust aKTHBHOCTH UCCIIEAYEMbIX BEIECTB 3aKJIF0YACTCS B PETUCTPAIIMN Yepe3 ompe-
JICTICHHBIA TIPOMEXYTOK BPEMEHH BOJILTAMIIEPOTPAMM TOKA 3JICKTPOBOCCTAHOBJICHHUS KUCIOPOIa B OTCYTCT-
BHE H B TIPUCYTCTBUU aHAIN3UPYEMOTO BEIIECTBA B AJICKTPOXUMHUECKON sTUehKe.

[MokazareneM aHTHOKCHJIAHTHOW aKTHBHOCTH HCCIIEyeMOTo 00pasiia sSBISIeTCS] yMEHbIIICHHE TPeIeITh-
HOT'O TOKa 2JIEKTPOBOCCTAHOBIICHHS KHUCIIOPO/a MO CBOEMY abCONMIOTHOMY 3HaueHHI0. [IpeamonaraeTces, 4To
3TO CBS3aHO C B3aUMOJICHCTBHEM HCCIICYEMbIX BEIIECTB C KHCIOPOJIOM M €ro aKTUBHBIMH paJuKallaMHi Ha
MOBEPXHOCTH WHIUKATOPHOTO AJIEKTPOIA.

KoadduiineHT aHTHOKCHAAHTHOM aKTUBHOCTH 00pa31ioB, K, MKMOJIL/(JI-MHH), pacCUUTHIBAJICS 110 (hop-
MyJie
G, - I
t 1)

o
rie Co, — KOHIIEHTpAIUs KHCIOPO/a B UCXOAHOM PacTBOpe 0e3 BelecTBa, MKMOJIB/JT; [; — TeKyIllee 3Have-
HHe TipenenbHoro Toka OB O,, MKA; [, — 3HaueHue npenenpHoro Toka 9B O, B OTCYTCTBUHM BemIecTBa B
pacTBope, MKA; { — BpeMs IIPOTEKaHUs MPoIecca, MUH.
Cratuctuueckas 00padoTKa pe3yabTaToB MPOBOIMIIACK TI0 CTAHIAPTHOMY alroputMy [19].
Ha muarpamme mpeacTaBieHbl pe3yabTaThl U3MEPEHUS aHTUOKCUIAHTHOW aKTUBHOCTH OCTYJIMHA, JTU-
arieraTta O6eTyJIMHA U aUT00eTyIIMHA.

K =
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TPUTEPIICHOU OB N0 oTHOHEHHIO k OB O,

Jis nuanerara OeTynuHa U aju1o0eTyluHa ObUIM MIPEIJIOKEHBI MAPLIPYThl UX B3aUMOJAEHCTBUA C akK-

TUBHBIMH (popmamu kucnopoa (ADK) Ha moBepXHOCTH HHIMKATOPHOTO 3JeKTpoa (puc. 1, 2).
29

+e” _
—_— ]
0, =— O
-¢

Pucynox 1. I[Ipeanonaraemsiii MapuipyT B3anmozelictsust ADPK u nnanerara 6etynuna
Ha MTOBEPXHOCTH MHANKATOPHOTO 3JEKTPOIa
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Pucynox 2. IIpeanonaraemsiii MapupyT B3anmozeicteust ADOK n amnoderynuna
HA MOBEPXHOCTH UHAUKATOPHOTO 3IEKTPOJa

Pe3ynprarhl 3KCIIEpUMEHTOB MOKAa3alli, 4TO JHMANeTaT OeTyJlnHAa UMEET HauOOJBIIYI0 aHTHOKCHIAHT-
HYI0 aKTHBHOCTb I10 CPaBHEHUIO C JPYTMMHU HCCICAYEMBIMU BelecTBaMu (OCTYJIHHOM U aZIOOCTYIMHOM).
MBI moaraem, 4To TaKO¥ BhIPaKEHHBIN 3 (HEKT HHIMOMPOBAHMSI OKUCICHHS CBSI3aH C HAJTMYUEM B CTPYKTY-
pe nuanerara OeTyJquHa HauOoJIee aKTUBHOW JABOWHOM CBS3H, KOTOPAs MOJBEpraeTcs 0oliee JISTKOMY OKHC-
JICHUIO, YeM B CaMOM OeTylnHuHE. APryMEHTOM B TOJIB3Y HAIIETO MPEIAOI0KCHHS SBISICTCS TO, YTO B 3-M U
28-M MOJIOKEHUH y AMaleTaTa OeTyJMHA THAPOKCHIIbHBIC MPYIIIbI 3alIUIICHbI allMJIbHBIMUA 3aMECTUTEIISIMH,
YTO JIENIAeT CYIIECTBEHHO 3aTPyIHUTEILHBIM OKUCICHUE M0 TaHHBIM MO3UIMAM. BeTyiH mokaseIBaeT cpej-
HIOI0 aHTHOKCUJIAHTHYI0 aKTUBHOCTH, TTOCKOJIBKY B €T0 CTPYKTYPE MPUCYTCTBYIOT TP KOHKYPEHTHBIX peaK-
LIMOHHBIX IICHTPa, HO MEHEe aKTHBHBIC NMPH OKHUCJICHUW: KpaTHas CBA3b W THAPOKCHIIBHBIC IPYIIbI B 3-M U
28-M TMoNoXKeHuu. Y ajmrto0eTynrHa HaOMI0IaeTCs HaMMEHbINAs aHTHOKCHIAHTHAS aKTHBHOCTD, MPEITIONO-
KUTEIFHO 33 CYET HAIWYHS B CTPYKTYpE CJIa00 aKTUBHOTO IIEHTPa B3aWMOJCHCTBUS C paJuKaIaMu KHCIIO-
poma, a umMmeHHO — OH-rpyms B 3-M TOJIOKCHHH.

Bwi600b1

MeTo/I0M KaTOMHOW BOJILaMIEPOMETPUH MPOBEIACHO CPaBHCHWE aHTHOKCHUIAHTHOW aKTUBHOCTU psia
MEHTAIMKINYSCKUX TePIICHOUIOB: OETylnHa, qUalreraTa OeTynnHa U auto0eTynuHa. Bee uccnemnyemelie Be-
IECTBA CHIKAIIM TOK DJIEKTPOBOCCTAHOBJIEHUS Kuciopoaa (3B O,), mpu 3TOM MOTEHIIUA CIABUTAJICS B TIO-
JIOKUTENBEHYI0 001acTh, BhIssBIsAs Mexann3M EC (electrochemical-chemical) ¢ manpHEHITUMU XUMHYECKUMHU
peaKIUsIMU aHTUOKCUIAHTOB C aKTUBHBIMU KHUCIIOPOAHBIMU PaJNKaIaMU.

[Mokazano, 4TO B PSy HCCIEAYEMBIX COCTUHEHUI HaNOOIBITYI0 aKTHBHOCTh B OTHOLIICHUW WHTHOHPO-
BaHUsI MIPOIIECCOB OKUCIICHUS TIPOSIBIISICT JMalleTaT OeTynHa, a HauMEeHbIylo — amiobeTynnH. HecmoTpst
Ha HAIMYUE B CTPYKTYpe OCTyJNHMHA TPEeX KOHKYPEHTHBHIX IEHTPOB OKHUCIICHUS, CTCIICHb YMCHBIICHUS TOKa
9B O, (kak moka3aress aHTHOKCHIAHTHON aKTUBHOCTH ) ObLlIa CPEITHEH.

[pemioskeHpl BEpOSTHBIE MAapIIPYThI OKUCIICHHUS TUalreTara OCTyIHHA U aJIO0ETYJIMHA Ha TIOBEPXHO-
CTH WHJIUKATOPHOTO 3JIEKTPOJAA MPHU ONPEACICHUA aHTUOKCHIIAHTHOW aKTUBHOCTH METOJIOM BOJHTaMIIEPO-
METpUHU.
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K mpeumyiiecTBamM JaHHOTO METOJIa MOKHO OTHECTH HCIIOJIb30BaHUE 00pa3IlOB B HEOOJIBIINX KOIHYE-
CTBAaX, SKCIIPECCHOCTh METO/Ia, IIPOCTOTY U JICHICBU3HY 000pYI0BaHUS, OTCYTCTBHE HEOOXOIUMOCTH B JIOPO-
TOCTOSIIIUX PEAKTHBAX JJISl IPOBEICHUS aHATIN3a.
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BOJIbTaMHepMeTpJIiK i)lliCl'[eH JIYIIaH MEH 0JI€aH KaTapbIHAAYbl TPUTEPIICHOUATAP

OKILIIePiHiH TOTHIFYFa Kapchl 0eJICeHALTIrH 3epTTey

Taburu KOCBUIBICTap MEH OJIAPJIBIH CHHTE3JENITeH TYBIHABLIAPHIHBIH OHONOTHSIIBIK OSJICEHIUIITIH aHBIKTAY
3epTTeyNIIep/IiH epeKIle Ha3apblHaa Ooybl ceOebiHeH, KapanaifbM XKoHe JKbUIIAM JKYPETiH oicTtepai Talby
©3eKTi Macenenepain 6ipi O0JBII OTHIP. [n Vivo ToxipuOenepiH xkacay >KYMBICTAPBIHBIH ayKbIMIBUIBIFEI MEH
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O.A. BopoHoBa, E.B. IMnoTHukoB un gp.

MaHBI3AbUIBIFBIHBIH ~ CalJapblHAH, COHFbI YyakbITTa Oenrimi Oip OedlimMgenreH TypaiH OHONOTHSIIBIK
OenceHIiriH aHbIKTayqa (QU3NKa-XUMUSUIBIK SAICTepIiH KosjaHy aschl keHetoxe. OcklHpail amicrepre
aneKkTpOeIceH i OeNeKTepAiH KaTbICBIHIA KYPETIH NEKTPOXUMUSIIBIK IIPOLECTEPiH KOJIIaHy aliMarblHIa
KeH TapaJiFfaH ICKTPXUMILIIBIK dficTep skarajasl. Kemreren Oenrinmi smicTepre KapamacTaH, MEHTAIMKIIL
TPUTEPIICHOUATAPABIH TOTHIFYFa Kapchl OEICCHMIIIrIH aHBIKTAay HOTIDKENepl MEH omicTepi Typansl omedu
Jepekrepze OipHeme axkmapartapMeH ImekTenreH. COHIBIKTaH, aTalnFaH KOCBUIBIC KATapbIHBIH OMOJIOTHSUIBIK
OEJICeHIUIIrH 3epTTey YIIIH IEeKTPXUMISUIBIK OMICTEepAiH KOJJIaHy MYMKIHJITIH KeHEHTy MakcaTbHAa 0i3
BOJIbTAMIICPMETPIIIK SMICIeH HMEeHTAMKIIII TPUTEPHICHOUATAPIBIH TOTHIFYFa Kapchl OEICCHIUTTIH aHbIKTay
JKYMBICTapbIH JKacalblk. Makanajaa JIynmaHIbl MEH OJIeaHAbl KaTaplarbl MblHa KOCBUIBICTapFa: OeTyJIHH,
OeTY/IMHHIH IUaleTaThl, aI00STyIMHHIH aHTHOKCHIAHTTHIK OCJICEHIUTITIHIH KOPCeTKIITEepiHe CabICThIP-
Majbl Talgay Kyprizingi. SIFHu, OeTYNUHHIH IUaleTaThl, aTajJfaH €Ki KOCBUIBICKA KaparaHIa, TOTBIFyFa
Kapchl OeNCeHMiIiri aiTapiblkTaidl KOFaphl EKCHMIrl aHBIKTaIIbl. 30ompomeHmIniH KepiHiciHmeri Koc
OalilaHBIC OTTEKTIH paJuKaIbIMEH e3apa dpeKeTTecKeHJe OeJCeHNI OpTANIBIK PEeTiHAe KaThICATHIHIBIFBIHA
OoipkaM skacanabl. beTynmHHIH TOTBIFYFa Kapchl OelICEHIUIIT opTamra MOHJI KepceTyiHiH ce0eOl OHBIH
KYPBUIBICBIH/IA OaceKkeec jkoHe OelceHIi YII pPeakUMsUIBIK OpTaibIKTHIH: 3- meH 28- xarmaiibragarsl OH-
TONTApbl MEH €CeleHreH OalaHbIC TOTBIFYFa KaTbICaabl. AJIOOCTYIMH TOMEHTI KOPCETKIIITEri TOTHIFYFa
Kapchl OCTICeHITIKTI, SIFHU, 3-)KaFAailbIHAAFbI JICI3 aKTHBTI IHIPOKCHIIb TONTAapBIMEH KOPCETE .

Kinm ce30ep: meHTaUMKIAI TPUTEPIICHOUATAp, OCTYNIHH, OCTYIMHHIH AWALETaThl, all00eTyIIHH, TOTHIFyFa
Kapchl OEJICeHIiITIK, KaTOAThI BOJIbTaMICPOMETPHSL.

O.A. Voronova, E.V. Plotnikov, S.S. Kaliyeva, Ye.E. Nurpeiis,
E.A. Mamaeva, A.K. Tashenov, A.A. Bakibaev

Investigation of antioxidant activity representatives of triterpenoids series
of lupane and oleane by using voltammetry

In connection with the focus of researchers to study the biological activity of natural compounds and their
synthetic derivatives, development of simple and rapid methods for the solution of these problems becomes
particularly relevant. As a result of significant cost and labor intensity of conducting in vivo experiments in
recent years more widely used are physical and chemical methods of analysis, adapted to the measurement of
a particular type of biological activity. Similar methods include electrochemical methods, field of application
which extends to the electrochemical processes occurring with the participation of electroactive species. De-
spite the variety of known methods, literature data about the methods and results of measuring the antioxidant
activity of pentacyclic triterpenoids are limited by several messages. In order to extend application possibili-
ties of electrochemical methods for the study of biological activity a specified series of compounds, we car-
ried out the determination of their antioxidant activity by using voltammetric method. In the work compared
the performance of the antioxidant activity for these representatives of lupane and olean series: betulin,
betulin diacetate and allobetulin. It is shown that betulin diacetate has a more expressed antioxidant activity.
It is suggested that the double bond in isopropenyl fragment appears as the most active center that interacts
with oxygen radicals. Betulin shows average antioxidant activity, because of its structure is present three
competitive and less active centers’ by reaction of oxidation: multiple bonds and an OH — group at the 3-
and 28-position. The lowest antioxidant activity shows allobetulin with less active hydroxyl group at the
3-position.

Keywords: pentacyclic triterpenoids, betulin, betulin diacetate, allobetulin, antioxidant activity, cathodic volt-
ammetry.
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Preparation, characterization and investigation of in vitro release
of anti-tuberculosis drug p-amino salicylic acid based on human serum albumin

Nowadays the task of pharmaceutical chemistry is not only the search of the new drug preparations, but also
the increase of the effectiveness of the latter by chemical modification or creation of new forms. With the aim
of prolongation of the effect and decrease of single dose the possibility of immobilization of anti-tuberculosis
drug p-amino salicylic acid (PASA) on human serum albumin (HSA) nanoparticles (NPs) by adsorption and
incorporation methods was considered in this article. It is shown that independently of the immobilization
method of the drug into polymer matrix the meanings of binding degree are very high. The study of the de-
pendence of binding degree on drug concentration resulted in more than 95 % at maximum concentrations of
the added drug. As it has been expected the drug release degrees have high meanings when incorporating as
well as adsorption the drug on the surface of empty nanoparticles. They are 70 % and 80 % respectively.
Therefore the results obtained allow us to hope on prolongation of the effect of p-amino salicylic acid and de-
crease of single dose of the drug in tuberculosis therapy.

Keywords: Human serum albumin; p-aminosalicylic acid, anti-tuberculosis drug, nanoparticles, adsorption,
immobilization, incorporation, polymer matrix.

Introduction

Nowadays short period of action, low selectivity and rather high toxicity are considered as the main
drawbacks of drug preparations used in medicine. The results of numerous investigations have shown the
possibility of disposition of these shortcomings by binding the drugs with polymers [1-3]. Promising results
have been obtained when nanoencapsulating the drugs [4, 5] which are used for the treatment of such diseas-
es as tuberculosis and tumor with natural and synthetic polymers [6—11]. PASA is one of the first antibiotics
used in the treatment of tuberculosis and it is currently the drug required for the use in the Republic of Ka-
zakhstan. During the time of use of the drug the resistance to tuberculosis strain has been developed and a
single dose now reached ten grams. In this regard, the task of researchers is to prolong the effect of anti-
tuberculosis drug by binding it to polymer thus reducing the single dose of the drug.

One of the most widely used polymeric carriers of drugs is human serum albumin (HSA). Due to its
ability to transport low molecular compounds, including different kinds of drugs into a great variety of cells,
especially after conversion to NPs, it represents a unique transporting material which allows to carry drugs
into certain target-organs, thus prolonging their efficiency [12—15].

In the present study the possibility of immobilization of antituberculosis drug PASA with albumin NPs
by adsorption of the drug onto preliminary synthesized empty nanoparticles and incorporation of the PASA
during the process of particle crosslinking will be investigated.

Materials and methods

Human serum albumin (HSA, fraction V, purity 96-99 %, 65.000 Da) and glutaraldehyde 8 % solution
were purchased from Sigma (Steinheim, Germany). PASA were purchased from LLP «Romat» (Pavlodar
Pharmaceutical Factory, Pavlodar, Kazakhstan). Solvents and all other reagents were purchased from Merck
(Darmstadt, Germany). Deionized (DI) water was used throughout the study.

Empty albumin NPs have been synthesized by desolvation method according to the procedure given in
[3, 12, 13, 15]. 200 mg of HSA were dissolved in 2 ml of purified water and the pH was adjusted to 8.2—8.5
with 0.01 M NaOH. Then under constant stirring (600 rpm) at room temperature 8§ ml of ethanol (96 %) was
added (1 ml/min) using a tubing pump. After the desolvation process the particles were stabilized by the ad-
dition of an aqueous 8 % glutaraldehyde solution (1.175 ul per ml HSA). In order for the process to be fin-
ished, the suspension was stirred for 24 h. The obtained nanoparticles were separated from low molecular
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components by repeated centrifugation with the Centrifuge MiniSpin Plus 14500 (Eppendorf, Hamburg,
Germany) at 14500 rpm and by washing them with water.

Adsorption of PASA onto empty nanoparticles of HSA carried out in two steps: obtaining empty nano-
particles and the subsequent binding of the drug with the polymer. Prepared solutions of the drug with con-
centrations of 0.16 %, 0.32 %, 1.0 %, 2.0 % and 4.0 % were added to the solutions of empty albumin NPs
obtained by above said technique and were stirred for 2 hours at room temperature. The required particle by
size is separated by repeated centrifugation within 15 minutes at 14,500 rpm/min and was purified by wash-
ing with water.

The yield of NPs was determined by a microgravimetric method.

Incorporation of PASA into serum albumin was carried out at one stage by the procedure described be-
low:

Calculated amount of PASA was added to the 2 % solution of serum albumin with pH 8.0-8.5 and was
stirred for 2 hours. For the formation of NPs calculated amount of 8 % solution of glutaric aldehyde was
added to the drug solutions. The particles of needed sizes have been separated from low- and high molecular
compounds by multiple centrifugation and washing with water.

The average particle size was measured by photon correlation spectroscopy (PCS) using a Malvern
Zetasizer 3000HSA (Malvern Instruments Ltd., Malvern, UK) at a temperature of 25 °C at a scattering angle
of 90°. The samples were diluted 1:400 with water.

Drug content was determined by conductometric method. The measurements of electrical conductivity
of solutions were performed on a Conductivity meter Type OK-102 (Hungary) Ne 1182 OOO «Econics-
Expert» and INN/KPP 7728209000/772801001 (Moscow) using platinum electrodes and a thermostat UTU-
2/77 (Polanol) with thermostatic electrical cell with a volume of 25 ml.

0.1, 0.08, 0.06, 0.04, 0.02, 0.01, 0.005 mg/ml drug solutions in water were prepared for a calibration
curve. The quantity of unbound drug was calculated using a calibration curve.

Results and discussion

Empty HSA nanoparticles were obtained according to the technique given above [3, 12, 13, 15]. Nano-
particles with average diameter of 310 nm (PDI = 0.142) were formed.

There are two main ways of binding of drugs to HSA nanoparticles [3, 12, 13, 15]: 1) physical adsorp-
tion of drugs on the surface of preliminary prepared NPs, and 2) incorporation of drugs into the polymer ma-
trix during particle preparation. Therefore at first PASA was bound to the polymer by adsorption of the drug
on the surface of preliminary synthesized empty HSA nanoparticles. The adsorption of the drug on HSA na-
noparticles has been performed with concentrations of PASA in initial solution ranging from 0.16 to 4.0 %.
The immobilization of PASA with empty NPs has been carried out by direct mixing of corresponding solu-
tions. Adsorption of the drug on the surface of preliminary prepared NPs led to a minor increase of the parti-
cle size (d = 316 nm, PDI = 0.140).

It is necessary to note that molecules of both serum albumin (1) and PASA (2) contain carboxylic and
amino groups which should lead to some effects when creating chemical bonds.

O

OH

N (R NEL— 0O R H,N OH
2N—[R'—=NH - CO - R*] - COOH
(1) (2)

The binding degree of the drug with HSA nanoparticles was determined using conductivity measure-
ments. Conductometry enables estimation of the binding of drug with polymer directly in the reaction medi-
um without preliminary separation of nanoparticles from the solution. The quantity of unbound drug was
calculated using a calibration curve. The results of the binding experiments of PASA on HSA nanoparticles
are shown in Figure 1.

Increasing the concentration of PASA in solution leads to increase of binding degree with limiting
meaning of 95 % (Fig. 1).
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Figure 1. Dependence of binding degree on mass of PASA

This regularity correlates well with the assumption that the bond between drug and polymer was formed
by ionic mechanism. The binding of the drug with HSA was investigated using photocolorimetry and
viscosimetry. The results are shown in Figure 2.
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Figure 2. Dependence of viscosity (a) and absorbance () of albumin solution
on concentration of PASA (using viscosimetry)

The above given assumptions are in good accordance with conducted viscosimetric measurements
(Fig. 2). Decrease of viscosity of serum albumin solution is caused by suppression of polyelectrolytic effect
on two directions: 1) the screening effect of amino- and carboxylic groups; 2) their chemical binding which
is an advantage for the creation of novel drug preparations. The same dependence is observed from the graph
of dependence of absorbance on concentration of drug added which points on compaction of polymeric par-
ticles (Fig. 2).

As a continuation of our study the kinetics of release of anti-tuberculosis drug PASA from the polymer
matrix of serum albumin was investigated. Release of PASA from HSA nanoparticles produced by adsorp-
tion method was studied during the day. The results are shown in Figure 3.
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Figure 3. Drug release profile of PASA-loaded NPs (for the NPs obtained by adsorption method)
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As seen from the graph, a significant portion of the drug released into the medium during first 3 hours
(about 30 % per hour, about 60 % in 3 hours). This is apparently because of the desorption of the drug, locat-
ed on the surface of NPs. Further, there is a gradual release of PASA from nanoparticles of HSA of up to
80 % of the drug. The remaining part of PASA did not release, which could be related to the structure of the
crosslinked polymeric nanoparticles.

When adsorbing the drug onto the surface of NPs there is a risk of loss of some part of the drug by desorp-
tion, in this regard at the next stage we have studied the binding of the drug during particles’ crosslinking.

In this case PASA was preliminarily dissolved in water solution of serum albumin and then desolvation
was carried out. Average particle diameter obtained by incorporation method was 435 nm (PDI = 0,147). The
concentration of the drug in initial solution was sustained as in case of adsorption. Binding degree of PASA
was also determined by conductometry method (Fig. 1).

As it is seen from the graph in this case almost 100 % binding was possible (Fig. 1).

As in this case the drug is incorporated inside of NPs the curves of dependence of viscosity and absorb-
ance are opposite to the ones obtained by adsorption method (Fig. 4).

0.3 - 2
i
——t— o
415
® 02 "
: :
= +1 2
: Z
= 01 b
105
0 - T r T i}
0 1 2 3 4 5

PASA concentration, %

Figure 4. Dependence of viscosity (a) and absorbance (b) of albumin solution
on concentration of PASA (using photocolorimetry)

Because of the presence of ionogenic groups on the surface of NPs this dependence tends to increase
due to no suppression of polyelectrolytic effect.

Then the degree of drug release from the matrix HSA nanoparticles obtained by incorporation method
has been studied, of which the results are shown in Figure 5.
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Figure 5. Drug release profile of PASA-loaded NPs (for the NPs obtained by incorporation method)

The graph shows that, as compared with the adsorption method in the case of incorporation a sustained
release of PASA is observed. It is explained by release of the drug located inside the NPs. Thus, about 15 %
of the drug released per hour, and only 24 % of PASA for 3 h. While the observation of the kinetics of drug
release from NPs obtained by adsorption method, 2 times more of PASA released during the same period of
time. Also the yield of NPs loaded with drug was determined (Table).
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Table
Yield of HSA nanoparticles loaded with PASA

Drug content The yield of nanoparticles determined by microgravimetry, %
in initial solution, g Obtained by adsorption Obtained by incorporation
0.0125 92 92
0.025 43 89
0.08 41 55
0.16 13 10
0.32 67 35

In both cases the particle yields were high. The tendency of decreasing of the yield of NPs reaching a
minimum with increasing of drug concentration was observed (Table 1). With the last sample high yield of
NPs has been achieved.

Conclusion

Thus, in this work the possibility of obtaining polymer carriers of nanometric sizes based on HSA for
the transport of anti-tuberculosis drug PASA has been shown. The results obtained have demonstrated that
the loading of HSA with PASA by both adsorption and incorporation methods enables synthesizing NPs with
satisfactory characteristics, high values of the binding degree and high nanoparticle yield. According to the
results of the study on drug release it can be concluded that slower drug release is observed when immobili-
zation of PASA by incorporation method in NPs. However, despite the relatively rapid release of PASA
from HSA nanoparticles obtained by the adsorption method, these polymeric NPs can also be effectively
used as drug delivery systems for anti-tuberculosis drug PASA.
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Anam capbicyJibl a1b0YMHUH Heri3iHaeri Ty0epKyJe3re Kapchl
n-aMUHOCAIMIMI KbIIIKbLIbI MIPENapaTbIHbIH AJbIHYbI,
CHUIIaTTaMAachl KdHe 0ocan WBIFYbIH in vitro 3eprrey

Kasipri tanmarel (apMarieBTHKaNbIK XUMHSHBIH 0acTbl MiHAETTEpiHiH Oipi jkaHa Iopifik mpenaparTapbl
i371ey FaHa eMec, COHBIMEH KaTap jKaHa YJITiHi jkacall HIbIFapy HeMece XUMUSIIBIK TYPJICHIIPY apKblibl OHBIH
TUIMAUTCIH apTTeipy Oonbin Tabbutamel. Bip perTik KaObuigay MeJIIepiH a3alTy jKOHE oCepiH y3apTy
MakcaTblH/a OyJ1 Makaiana TyOepKysesre Kapchl Ipernapar napa-aMHHOCAIULII KbIIKBUIBIH a1aM CaphICy
aIb0yMUHHIH HaHOOOJIIEKTEepiHe €Hri3y XKoHe amcopOIms oiCiMeH HMMOOWIM3AIMsUIay MYMKIHAIT
KapacThIpbUIFaH. J{opisik 3aTThl MONIMMEp MaTpUIAChIHA MMMOOWIN3aUsIIAy SICIHEH Toyelci3 OailaHbCy
JOpeXECiHIH MOHZIEpi KOFapsl OONATBIHBL KepceTinreH. baiimaHblcy IopexeciHiH Jopimik — 3ar
KOHIICHTPALMSACHIHAH TOYCSIIUIINiH 3epTTey GapbhIChiHa AOPUIIK 3aTThIH MaKCHMAJIIbl KOHLCHTPAIMSICHIH/IA
95 % >xoFapbl MOHJI KOPCETeTIHMII aHBIKTaIABl. AJ IpermapaTThl 00c HaHOOOINIIEKTepIiH OeTiHe eHTizy
JKOHE afcopOLust dici apKbLIbl MUMMOOMIM3AUMsIIay ASPLTIK 3aTThIH OOcam LIBIFY JOPEKECiHIH KOFaphl
MoHIepiHe ue Oosbl. Onap coiikecinme 70 sxoHe 80 % Kypansl. Con ceGenti ajubIHFAH HOTIKENEp Iapa-
AMUHOCAJIMIIAI KBIIIKBUIBIHBIH TyOepKyie3 i eMaey GapbIChIHAA MPOJOHTalMSUIBIK acep OepeTiHiH KaHe Oip
PeTTiK KaObU1aay MeIIEpiH a3aTaTbIHBIH ASJIEICI].

Kinm ce3dep: amam capbicy anbOyMHHI, Hapa-aMHHOCAIHIMII KBIIIKBUIEL, TyOepKyme3re Kapchl Ipemapar,
HaHoOeIeKTep, acopOIHsI, IMMOOIIN3AIHs, EHIi3Y, HOJIUMEp MaTPUIIACHL.

M.XK. Bypkees, XK. Kpoiitep, E.M. Taxb6aes, JI.JK. XKannaposa,
T.C. XKymaranuena, K.T. AprsictanoBa, J[.A. MyxaHoBa

IHony4yeHnne, XapaKTePUCTHKA U MCCJIeI0BAHUE BLICBOOOKIEHMS in Vitro
NPOTHBOTY0EPKYJ1€3HOI0 Npenapara n-aMUHOCATUIIUIOBOH KUCJI0THI
HA OCHOBE 4€JI0BEYeCKOIr0 ChIBOPOTOYHOI0 a1b0yMHHA

B nacrosiee Bpems 3anaueii papMaleBTHUECKOH XUMHHU SABJISAETCS HE TOJIBKO MOMCK HOBBIX JIEKAPCTBEHHBIX
HpenapaToB, HO U NMOBbIIICHHE P ()EKTUBHOCTH eiCTBUS NpenapaTa IyTeM XMMHYEeCKOH MOIU(HKALNY WK
co3nanus HOBBIX (opM. C nenbio mpoieHus 3G dekra 1 yMEHBIICHUs] pa30BOM 103kl B 3TOW cTaThe OblLia
paccMOTpeHa BO3MOXHOCTh MMMOOMIIM3ALMY JIEKAPCTBEHHOTO CPEJCTBA IPOTUB TYOEpKyJe3a — H-aMHHO-
cammuioBoit kucnotsl (ITACK) — Ha HaHOYACTHIy YeJI0OBEUECKOTO CHIBOPOTOYHOTO albOyMHHA METOIIOM
azcopbumnn u BKIoUeHUs. [lokazaHo, 94TO, HE3aBHCHMO OT CIIOc00a MMMOOHMIIM3AINN JIEKapCTBEHHOTO CPei-
CTBa B ITOJIMMEPHYIO MaTpPUILy, 3HAYEHHSI CTETICHN CBSI3BIBAHUS OUYCHb BENMKH. V3ydeHHe 3aBUCHMOCTH CTe-
TICHU CBSI3BIBAHMS OT KOHIICHTPAIMH JICKAPCTBEHHOTO CPECTBA NMPUBOIMIO K Ooiyee ueM 95 % mpu makcu-
MaJIbHBIX KOHLIEHTPALMAX J100aBICHHOTO JICKAPCTBEHHOTO cpeAcTBa. Kak M 05KMaalioch, CTENEeHH BHICBOOOXK-
JICHMS JICKAPCTBEHHOTO CPEACTBA MMEIOT BHICOKME 3HAYCHUs INPU BKIIOYEHHWHM M aJcopOuLuM Iperapara Ha
MOBEPXHOCTHU MyCThIX HaHo4acTul. Onu coctaBisoT 70 u 80 % coorBercTBeHHo. [lo 3Tol mpuunHe momy-
YEHHBIC PE3YJIbTAThI IO3BOJIAIOT HAAEATHCS Ha MPOJIOHTMPOBAHHOE JEHCTBUE 1-aMUHOCATUIMIOBON KUCIIOTHI
W CHIDKEHHE Pa30BOH JIO3HI Iperapara Ipy JISYeHHN TyOepKyJiesa.

Kniouesvie cnosa: CLIBOpOTO‘IHLIﬁ aIIb6yMI/IH YCJIOBCKA, n-aMUHOCAJIMIHUIIOBas KHCJIOTa, HpOTI/IBOTy6ep-
KyJ'Ie3HLII71 npenapar, HaHO4aCTUIIbI, aﬂcop6u1/m, I/IMM06I/IJ'II/I3aIII/I$I, BKJIFOYCHUEC, ITOJIMMEPHAas MaTpulila.
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Polyelectrolytic multilayers as drug delivery system

This article is devoted to preparation of polyelectrolytic microcapsules of two antitubercular drugs (ATDs) as
the new drug delivery system (DDS). Co-encapsulation of oral antitubercular drugs pyrazinamide and
moxifloxcin by polyelectrolytic multilayers is carried out for the first time. At first by ionotropic gelation
method co-encapsulation of drugs to a polymeric matrix carried out. As a matrix biopolymers gellan and so-
dium alginate were used. The co-encapsulation efficiency was determined using UV-spectroscopy method as
it is specified in the State pharmacopeia of the Republic of Kazakhstan. Then by the method of fiber adsorp-
tion (LbL-technique — Layer by layer deposition) on microcapsules sequentially coated a cationic polyelec-
trolyte chitosan and an anionic polyelectrolyte eudragit S100. The charge of each layer was determined by
zeta-potential measurement. Microcapsules about 3, 5 and 10 bilayers of polyelectrolytes are prepared. The
structure of microcapsules was studied by method of the scanning submicroscopy. In vitro drug release stud-
ies carried out at values pH, modeling various sites of digestive tract. As a result of a research it is shown that
microcapsules possess the prolonged action. With increase in number of bilayers extent of prolongation of
drugs increases. It is enough 5 bilayers of polyelectrolytes to achieve the 24th hour prolongation of drugs.

Keywords: antitubercular drugs, microcapsule, biopolymers, polyelectrolytic multilayers, controlled release.

Introduction

For the treatment of drug-resistant forms of tuberculosis, patients are forced to take 20 tablets of six
types of drugs per day. It is interfaced by heavy side effects. Accordingly, any attempts to enhance drug-
resistant tuberculosis treatment in order to it’s endure by patients are actual and socially-implicated.
Therefore, scientists conduct various researches on the dosage optimization, prolonged action and en-
hanced bioavailability of antitubercular drugs [1]. For this purpose various drug delivery systems (DDS)
have been developed: microparticles, nanoparticles, liposomes, polymeric composites, the hollow and filled
capsules. In the literature there is a lot of works devoted to the use of biopolymers as DDS [2, 3]. However,
there are very few literary data on encapsulation of antitubercular drugs by polyelectrolytic multilayers. For
example, rifampicin encapsulated into chitosan-dextran sulfate hollow microcapsules. Rifampicin released
from these microcapsules within over 72 hours at pH=1.2 and pH=7.4 [4]. One of the urgent solutions of the
problem of the dosage optimization is the development of new DDS for the preparation of combined and
prolonged forms of ATDs.

The goals of this work are co-encapsulation of two antitubercular drugs — pyrazinamide and
moxifloxacin in the biopolymer coated with polyelectrolytic multilayers, and evaluation of drug release at
values pH, modeling various sites of a gastrointestinal tract (GIT).

Materials and methods

The biopolymers low-acetylated gellan (China producted) and sodium alginate (Sigma-Aldrich) were
used as the containers for capsules. For preparation of multilayers the cationic polyelectrolyte chitosan (Chit)
water-soluble, > 8000 Da (Bioprogress, Moscow) and anionic polyelectrolyte Eudragit S100 (Eud) (Sigma-
Aldrich) were chosen.

Substances of antitubercular drugs pyrazinamide (Pz), (Shanghai International Pharmaceutical Co), a
moxifloxacin hydrochloride (Mfx) (Pavlodar Pharmaceutical Plant, Kazakhstan) were used.

Drug containing microcapsules were prepared by ionotropic gelation method [5, 6]. The co-encap-
sulation efficiency was determined using the methods given in Pharmacopoeia: the quantity of pyrazinamide
and moxifloxacin were determined on the spectrophotometer (Specord 210, Germany) at 268 nm and 295 nm
accordingly [7].
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The coating of microcapsules by polyelectrolytic multilayers was carried out by LbL-technique (Layer
by layer deposition), consistently immersing them in water solution of a chitosan and in Eudragit S100
solution in sodium chloride. After immersion in each polyelectrolyte the microcapsules were twice washed
with distilled water. This procedure was repeated 3, 5 or 10 times. Thus, 3, 5 or 10 bilayers of oppositely
charged polyelectrolytes have been formed.

Dzeta-potential of each polyelectrolytic layer was measured by dynamic light scattering method on
Malvern Zetasizer Nano ZS90 (Great Britain).

The surface morphology of the microcapsules was studied by scanning electronic microscopy on a low-
vacuum raster electronic microscope of «JEOL» of JISM-6390 LV (Japan).

In vitro drug release studies carried out according to Pharmacopoeia requirements [7], using the dissolu-
tion apparatus (Erweka, Germany) at a temperature (37 £ 0.5) °C and the rotation speed 100 rpm. The tests
were performed at gastric pH (0.1N HCI, pH=1.2) and intestinal pH (phosphate buffer, pH=7.4). Concentra-
tions of the drugs were determined using UV-Visible spectrophotometric method at 268 and 295 nm. All
quantitative analyses were repeated 3 times.

Results and discussion

Drug containing spherical microcapsules of size around of 1,5-2,0 mm were prepared. Microcapsules
were kept within 10 min in calcium salt solution, then passed through a sieve and washed twice in distilled
water and dried on air at room temperature. The solution was used for the determination of co-encapsulation
efficiency.

SEM microphotographs of microcapsules same as gellan-isoniazide microcapsule with 5 bilayers
Chit/DS [6], and also the border between the microcapsule and polyelectrolytic layers is visible (see Fig.).

15kV X1,100 10ym 0000 1170 60Pa

Figure. SEM microphotograph of microcapsule 3 % gellan/Pz/Mfx + 3 bilayers Chit/Eud

Results of co-encapsulation efficiency determination are given in Table 1.

Table 1
Co-encapsulation efficiency, %

Microcapsule matrix | Pyrazinamide Moxifloxacin
1 % gellan 27,5+1,3 27,6 £ 10,6
3 % gellan 399+4.2 41,8 +£2.2
2 % alginate 26,5+ 3,1 32,1+£2,6
3 % alginate 28,0+ 2,1 51,1+£3,4
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Apparently from table 1, generally co-encapsulation efficiency increases with the increase of biopoly-
mer concentration. It is interesting that co-encapsulation efficiency of drugs is a bit higher, comparing to the
efficiency of their separate encapsulation [6].

After covering by polyelectrolytes dzeta potential of microcapsules were measured. Microcapsules
possess a positive or negative charge after adsorption of chitosan and eudragit respectively (Table 2).

Table 2
Results of dzeta-potential measurements

Composition of microcapsule 3 % gellan/Pz/Mfx + Chit 3 % gellan/Pz/Mfx + Chit/Eud
Dzeta-potential, mV 19+£2 —16£2

In vitro drug release studies have shown, that in acidic media at pH =1.2 (corresponds to the gastric)
capsules did not dissolve within a day.
At pH =7.4 (corresponds to intestines) microcapsules gradually dissolved (Tables 3 and 4).

Table 3
Drug release from gellan capsules at pH =7.4, %
.. . . Extent of release, %
Composition of microcapsule Release time, hour Pyrazinamide Moxfloxac
4 34,6 4,8 34,7+4,5
0 > L) E) E)

(uithout mulitayers) 8 48545 94211
Y 12 81,2+23 842+12

+ +
3 % gellan/Pz/Mfx + 6 25,9£0,9 27,0£1,2
3 bilayers Chit/Eud 12 48,64 1,9 49,5 + 0,6
Y 18 80,5+ 1,3 783%3,9

+ +
3 % gellan/Pz/Mfx + 12 263+1,9 264+75
5 bilayers Chit/Eud 18 45,8 +£0,7 46,5+1,3
24 75,6 £ 0,5 752+1,9

3 % gellan/Pz/Mfx + ig = -
10 bilayers Chit/Eud 24 (33533 0451S

Table 4
Drug release from alginate capsules at pH=7.4, %
.. . . Extent of release, %
Composition of microcapsule Release time, hour Pyrazinamide Moxifloxacn
. 4 31,8 £3,8 32,9+3,5
0 E) E) E) E)

(without multlayers) 8 20539 9213
Y 12 79.8%3,6 B1,2%2,5

+ +
3 % alginate/Pz/Mfx + 6 289+ 1.8 28,5+25
3 bilayers Chit/Eud 12 479 2.4 48,9+ 1,0
Y 18 80,0£23 79.6 £ 4,1

+ +
3 % alginate/Pz/Mfx + 12 28,3 +3.8 275+43
5 bilayers Chit/Eud 18 46,5+ 0,9 47.8+22
Y 24 76,6+ 1.4 759+ 2,6

3 % alginate/Pz/Mfx + ig : :
10 bilayers Chit/Eud 24 09537 19533

Apparently from the table 3 and 4 the release (%) of pyrazinamide and moxifloxacin from combined
microcapsules without polyelectrolytic multilayers in 4 hours is about 30 % of the active substance, in 8
hours — about 50 %, for 12 hours — about 80 %. Thus, the prolongation made 12 hours.
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In case of the microcapsules covered with 3 polyelectrolytic bilayers more prolonged release was ob-
served: in 6 hours 30 % of the active substance, in 12 hours — 50 %, in 18 hours — 80 % are released. In
this case prolongation made 18 hours, i.e. is 1,5 times longer, than without multilayers.

In case the covering made 5 bilayers the prolongation is higher: in 12 clocks released 30 % of the active
substance, in 18 hours — 50 %, in 24 hours — 80 % are released. In this case prolongation made 24 hours.
Capsules with 10 bilayers of polyelectrolytes began to dissolve after 20 hours, in 24 hours only about 10 %
of the active substance are released.

Conclusions

Thus, co-encapsulation of ATDs pyrazinamide and moxifloxacin by biopolymer and polyelectrolytic
multilayers was carried out for the first time. Safe biodegradable and biocompatible polymers were used for
co-encapsulation.

Co-encapsulation was performed in aqueous solutions at room temperature without using costly or spe-
cial equipment, polyelectrolyte multilayers were coated using LbL-technique.

It is shown that polyelectrolytic co-encapsulation allows to prepare the prolonged form of the combined
ATDs for oral use. It is enough to coat microcapsules with only 5 bilayers of polyelectrolytes for the
achievement of 24 hour prolongation of drugs.
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IMoM3JIeKTPOIUTTI MYJbTKAOATTAP XIPijIepai :KeTKi3y Kyiieci peTinae

Makana »xaHa gOpi-IOpMEK JKeTKi3y XKyHeci peTiHme eki TyOepKymesre Kapchl INpenaparThlH IIOJH-
QNICKTPONUTTI MHKPOKAICYyJIalapblH allyFa apHauusl. Ilepopaibai TyOepKynesre Kapchl Ipermapartap
MHUPa3UHAMH/ XKOHE MOKCH()IOKCALIMH/II TOIMAICKTPOIUTTI MyJIbTHKa0aTTapMeH OipiKTipe Karcyaey ajiFaur
per OKypri3iami. AJOpIMEH HOHOTPONTHI Teib Ty3y OAICIMEH mpemaparrtap MNOJIUMEPIiK MaTpullara
KancyjieHai. Marpuna peTiHAe TeiulaH J>KOHE HaTpUH albIMHAThl OHONONIMMeEpiepi HaiiianaHmpl.
[Tpenapatrapasly MHUKpoKarncynara ey Thimainiri Kasakcran PecnyOmukacbiHbiH MemiiekeTTik papmako-
nesicelHzia Kepcerirenaer, YK-cnekrpockonus onicimen anbsIKTangsl. ComaH KeifiH MUKpoKarcynanap Oeri
Ke3ek KabarrapMmeH axcopbumsutay omicimen (LbL Texmmkacer — Layer by layer deposition) kaTHOHIBIK
MOJIUAJICKTPOJIUT XUTO3aH JKOHE aHUOHIBIK MOJIMANIEKTPOIUT dyaparutieH S100 kanrangsl. Op6ip KabaTThiH
3apsiibl J3€Ta-MOTCHIMANBIH OJIIICY apKbUIbl aHBIKTAIbL Ilonuanekrpoiutrepain 3, 5 sxoHe 10 Koc
Ka0aThIMEH KanTalfaH MHKPOKAICylalap anblHAbl. MUKpOKancyjganap KypbUIBIMBI — CKaHHUpJEYIi
JNEKTPOHIBIK MHKPOCKOIHMS OMICiMEH 3epTTeimi. AcCKa3aH-ilIeK JKONAApbIHBIH op Typii OeuikTepin
MozenbaeiiTiH pH MarblHanapbIHa IpenapaTTapAbly 00call WBIFYBI i1 Vitro XaraaiiblHaa 3epTrenmi. 3eprrey
HOTIDKECIHIIE MUKpOKAICyalapAblH Y3apThUFaH acepi 6ap exeni kepcerinai. Koc xabar canmapsl yinraiiran
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CaiibIH MpenapaTTap/blH dCEPiH y3apTy AOPEKeci [e apTajbl. S5 HONUNIEKTPOIUTTI KOC KabaTIeH KanTaraHaa
24 caraTThIK y3apTyFa KOJDKETKi3yre 0oJapl.

Kinm ce30ep: TyOepkyiesre Kapchl IpenaparTap, MHUKPOKaICyna, OHOMOJMMepiiep, MOIUICKTPOIUTTI
MyJIbTHKa0aTTap, 6aKbUIaHATEIH OOCall MIBIFY.

b.X. MycabaeBa, K.b. Myp3arynosa, B.A. Usympynos, M.E. Kum, P.T. JIlurxymanoBa

HOJIHZ)JICKTPOJIHTHI)IC MYJbTHC/JI0OH KAK CUCTEMA NOCTABKH JICKAPCTB

CraTbs TOCBSIICHA TOJYYCHUIO TOJUIICKTPOIUTHBIX MHKPOKAICYJ ABYX HPOTHBOTYOEPKYJIE3HBIX IMpera-
paToB B KauecTBE HOBOW CHUCTEMBI JOCTAaBKHU JICKapCTB. BriepBhiec MPOBEACHO COBMECTHOE KAaICYIHPOBAHHE
MEPOPATBHBIX MPOTUBOTYOCPKYJIC3HBIX IPENapaToB MUpa3MHAMUIA M MOKCHU(JIOKCALMHA TOJHIJICKTPO-
JIUTHBIMK MYJIbTUCIOSIMU. CHayaja METOJOM HOHOTPOITHOTO TeneoOpa3oBaHMs IPOBOAMIOCH KarlCyJIH-
pOBaHKE NPENapaToB B MOJIMMEPHYIO MaTpUIly. B KauecTBe MaTpHIbl UCIIOIB30BAHbI OMOIOJIMMEDPHI TeJJIaH U
anpruHaT Hatpust. DPEeKTUBHOCTh BKIIOYEHHS MPEHapaToB B MHUKPOKAIICYJIB ONpPEAessiin MeTogoM Y-
CHEKTPOCKOITUH, KaK yka3zaHo B ['ocymapcreenHoii papmoxoriee Pecriyomuku Kazaxcran. [Tocne atoro meto-
JIOM TocIIoiHOI ancopbrmu (Texnuka LbL — Layer by layer deposition) Ha MUKpOKaIICyJIbI TOCIIEI0BATEb-
HO HAaHOCWJIMCh KaTHOHHBIN MOJHUAIEKTPOIIUT XUTO3aH U aHUOHHBIM NoauaaekTpouT syaparut S100. 3apsg
KaXJIOTO CIIOS ONPEACISIN U3MEPCHUEM JI3eTa-NoTeHIrana. [lorydeHsl MUKpoKancydibl ¢ 3, 5 u 10 Oucnos-
MH HOJIUIIEKTPOIUTOB. CTPYKTYpYy MHUKPOKAINCYJ HU3ydaad METOAOM CKaHHPYIOIIEH 3JIEKTPOHHOW MHUKpPO-
ckonuu. M3ydeHo BBICBOOOXKICHHE MPENaparoB in Vitro MpU 3HAYCHUSAX pH, MOACTMPYIOMIUX pa3IvyHbIC
YYaCTKH JKEIYJOYHO-KUIIEYHOTO TpakTa. B pe3ynbTare MccieaoBaHus MOKa3aHo, YTO MHKPOKAICYJIbI 00Ja-
JTAIOT IPOJIOHTUPOBAHHBIM AelicTBueM. C yBelnueHHeM 4uciaa OUCIIOeB MOBBIIIACTCA CTEICHb NIPOJIOHTaluU
npenapaToB. [loka3aHo, 4TO MPU HAHECEHHH 5 TOJMAICKTPOIUTHBIX OUCIOCB MOXHO TOOUTHCS 24-4acoBOU
TIPOJIOHT AN Y.

Kniouesvie crosa: mpoTHBOTYOEPKYIIE3HBIE IIpETIapaThl, MUKPOKAIICYJIA, OHOIIOIMMEPEI, MOINAIICKTPOJIUTHEIC
MYJBTHCIION, KOHTPOJIHPYEMOE BEICBOOOXKIECHHE.
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OprasukajgbIK KOChLIBICTAPABIH CHHTE3IHAerT YPIic dKarqalIapblH MOIeJIbey
’KOHE MYH/Iarbl MOJUMePJii KOMIUIEKCTEPAiH dpeKeTi

Makarnaga KopluaraH KaHbIKIaraH MOAMd(HUPI wIaifiblpiap MEH KaHbIKHaraH KapOOH KBIIIKbUIIAPEI
HEri3iH/Jeri rHAPOresbACpAiH KYPaMIIbIK MOIIMETTEp )KOHE KYPBUIBIMBI JICKTPOH/IBI-PACTOPIIBIK MUKPOCKOIT
apKBUIbl 3€PTTENIM, OHBIH TOPJBl KYPBUIBIMABI JKOHE MeTall OeJIIEeKTepiH OPHBIKTHIPY/A «HAHOPEAKTOP»
Oonatbinbl onenaeHreH. OpTa GakTopiapbIHbIH, aTan aiTKaHa, TeMIIepaTypa MeH opTaHbiH pH MoHi xoHe
epITKIMTEPIiH  MOMUITHICH-(MIPONMICH)IINKOIbMAJICHHAT — HEri3iHfAeri  jkaHa  MeTaJUI-MoJuMepdi
KOMIUIEKCTEpre ocepi JKaH-)KaKThl ~KapacThIpbUIAsl. JKyprisiireH Taxipubenep MeTaI-MOIAMEpI
KOMIUICKCTEpAiH ICIHy MIopekeciHe TeMIepaTypaHblH ocepli MapAbIMCHI3 E€KeHIH KepceTTi. AranraH
KOMIUTICKCTEpAiH CUITLTIK OpTana iCiHy IOpeXKEeCiHiH OFapbhl MOHTE Me OOJIBIN, epiTKIMTEp/iH MOMISPIbIFbI
JKOFapJIaraH CalblH iCIHYy Jopexeci Nl apTaThIHIABIFEI Oaiikanmsl. CLITUTIK opTaja MeTaul-IToJIHMepIi
KOMIUTEKCTEpAiH iCIHY JopexeciHiH oCKeHI 3IeKTpKaTaJHTHKAIBIK THAPIIeY YPAICIHAE OHTAMIBI acep eTexi,
cebebi KOMITIEKCTiH ICiHy KaOiMeTiHiH jKOFapiaybIMeH CyOCTpaTThIH KaTali3aTopFa KOJDKETIMALTIr e
oceni. [IMdNEKTPIIiK OTIMIUTIK MeH MOJIUMEepIIepIiH iCiHy Adpexenepi apachlHaa, HaKThIpaK aiiTkaHaa, opTa
NOJSIPJbI - epITIHAIIEpACH NHUPHIMHIE Kapail koppemsiumst Oaiikanmaipl. AJjaiia iCiHy AopexeciHiy
TOMEH/CYiHIH OaifKaIMaiThIH/IBIFBI KOPIHI.

Kinm C63()€p.' NOJIMSTUJICHIJTIMKOJIbMAJICUHAT, MOJUIPONNUICHITINKOJIbMAJIEUHAT, KaHbIKIIaraH HOJ'II/I3(1)I/IpJ'Ii
maﬁmpnap, KaTaJim3, HaHO66J’IH_ICKTCp, HaHOPEAKTOp, KaTajau3aTop, MeTaJ'IJ'I-HOJ'II/IMCpJ'Ii KOMILUJIEKCTED,
HOJ'II/IMCpJ'Ii MaTpula, SJICKTPKaTAJIUTUKAJIBIK TUAPIICY.

Kipicne

Karanutukanslk THApICY OHIIpICTE Je, 3epTTey TXKIpUOENepiHje J€ KOJIAHBIC Taybll JXKYpreH
MaHbI3ABl  peakiusuiapabiH  Oipi. COHFBI KBUIIAPHI FAIBIMIAPIBIH  KBI3BIFYIIBUIBIFBIH OPTraHUKAIBIK
3aTTapablH JIEKTPXUMILUIBIK aifHABIMIAPHI, OHBIH IMIIHAE KAaTOATAFbl TOTBHIKCHI3AAHY YPAICTEpl TYIBIPHII
otblp. COHBIMEH KaTap OpPraHHUKAIBIK CUHTE3/IC AJICKTP TOFBIH KOJNJIAHY 3KOHOMHUKAIBIK TYPFBINAH THIMII
CKCHI aHBIKTAIFaH. ATallFaH »JJICKTPOKATATUTHKAIBIK YPIICTEp aTOMIBIK-a0COpOIMsIIaHFaH CyTeri
KeMeTiMeH xypriziemi [1].

I'eTeporukiai  KOCBUIBICTApABIH THAPJCHYIHE aca MaHBI3ABl KOHUI OeiiHemi. ATam aWTKaHna,
MUPHUIUHHIH TOTHIKCHI3AHYBIHBIH ~KBI3BIFYIIBUIBIK TYABIPYbl MHIHAPUAWHAIK [WKI TYBIHABUIAPBIHBIH
ANKOJIOUATAP, KAHCHI3MAHABIPY JKOHE Tarbl 0acKa 3aTTapbIHBIH CHHTE31H/IE KOJAAHBUTYBIHAH OOJIBINT OTHIP.

I'mapneyne naiigaHpIaTeIH OCJICEH I KaTaTH3aTOPIap bl Kacay MaHBI3IBI Mocese. OHIIpicTe KeHIHEH
KOJIIAaHBLIBII JKYPreH KaTalu3aTOpJapIblH KEMIIUTIri — HaKThI OCTTIK ayJaHbIHBIH ToMeHAIri. COHIBIKTaH
Ka3ipri yakpITTa HaHOOJIIEMAl KaTtanuzatopiap Oipereid TybIHAbUIapFa aifHanbin oTelp. Hanobemmekrepai
TachIMaJIAyIIbl KOHE TYPAKTAHIBIPFBIII PETIHAE TOJMMEpiep KOJIaHbUIaAbl. MeTau-oIuMepi
HaHOKOMITO3UTTEP METajiap MEH MOJUMEPIICPAiH epeKIlie KaCUETTePiH o3 OOlbIHAaH KepceTeni [2—4].

AranFaH peakTopiapibl aTyAarbl TUIMAI MaTepPHAIIAPABIH aJABIHFBI KaTapblH TOP KYPBUIBIMIBI, CY
CIHIpyre JKoHE YyCTal TypyFa Oeiimai mnomuMepii ruaporenbaep anaabl. COHBIMEH Kartap arajifaH
THJIPOTENbJep KOpIIaraH opTa e3repicTepiHe >KOFapbl Ce3IMTANIBIK KOPCETETIHJIKTCH, FBUILIM MEH
TEXHUKAHBIH 9p CaJachlH/a KOJIAHBIC TayhIl OTHIp [5, 6].

Taoicipubenix 6enim

Kanviknaran mommdGupsai manbIipIapablH KaCHETTEPI MEH OJIapAbIH HETi31HAET] THAPOTEIbIAC) METaJlT
HaHOOOIIIEKTEPiHIH ap3aH KoHe KOJDKETIMAI TaChIMaJIIaybIIIbl eKEeHIIT1 [7, 8] JKyMbICTapbIHAa aHBIKTAJIFaH.
[ajisipaapAbIH KypamMbIiHa CONOIMMEpPU3AIUs diCIMEH eHTi31IreH KapOooH Keukpuiaapsl (AK sxone MAK)
aJBIHFaH JKaHa TeNIbIepTe CIHIPYII KacHueT OSpPeTIHIIr alIbIHFBI )KYMBICTap/a KapacThIPBIIFaH.
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AJIBIHFaH TUIPOTENBACPAIH KYPaMABIK MOIIMETTEpl JKOHE KYPBUIBIMBI DICKTPOHIIBI-PACTOPIIBIK
MHKPOCKOII apKbLIbl 3€pPTTENiNl, OHBIH TOPJbI KYPBUIBIMABI JKOHE METaI O6JIIEKTepiH OPHBIKTHIPYAA
«HAHOpeakTopy OonaTeHbl nanenneHmi (1, 2-cyp.) [9].

Ve i)
SEM HV: 15.0 kV WD: 12.92 mm MiRAJ TESC;M SEM HV: 15.0 kV WD: 12.47 mm : 1 1 MIRA3 TESCAN|
View field: 100 pm Det: SE View field: 73.9 ym Det: SE 20 pm
SEM MAG: 2.76 kx | Date{m/d/y): 05/17/16 Performance In nanospace SEM MAG: 3.74 kx  Date(m/d/y): 05/17/16 Performance in nanospace

SEM HV: 15.0 kv wo:127emm | | | | | | | | | | |mMIRA3 TESCAN SEM HV: 15.0 kV wo: 130amm | 0] MIRA3 TESCAN
View field: 64.7 pm Det: SE 20 pm View field: §3.8 pm Det: SE 10 pm
SEM MAG: 4.28 kx | Date(m/d/y): 06/17/16 Performance in nanospace SEM MAG: 5.156 kx | Date(m/d/y): 05/17/16 Performance in nanospace

2

2-cypert. n-III'M:AK (/) xone MAK (2) comonmmMepiiepiHiH 3JIeKTPOHIBI-PACTOPIBIK MUKPOCKONTHIK OeitHemnepi

JKympicTapbIMBI3ABIH KanFacel peTiHae [10] moimdTuieH- koHE TOJUMPONHICHTINKOIbMAIEHHAT
(n-TIT'M) men axpun KeinkbUTbl (AK) xoHe Metakpui Keiikbuiel (MAK) ruaporensaepi HeriziHgeri kaHa
MeTaut-nosimmepii kommiekcrep (MIIK) ansiaran.

3epTTey KYMBICTAphl AJIBIHFAH METAUI-IOIMUMEPITi KOMIUIEKCTEPiH KaCUETTEPiH KEHIHEH 3epTTEyMEH
’KOQHE OJIap/ibl OPTaHUKAIIBIK KOCBUIBICTAp/Ibl ATy KOJIIaHYMEH JKaJFachlH TaIlThI.

Byn makanaga kopiraran opTa (hakTOpIapbIHBIH, aTall aliTKaHAa, TeMiepaTypa, optadslH pH MoHiHIH
JKaHa MeTaJI-NOJIMMEpIli KOMILIEKCTepre acepi KapacTelpbuianbl. Temnepatypa MIIK-nig opekerine eaeyip
ocep eteTiH (akTopiapiplH Oipi. DJEKTpoKaTanu3 YpHICiHIC KaTaTUTHUKANBIK YSIIBIKTAaFbl epiTIHILIEp
OeJiMe TeMIepaTypachlHaH JKOFapbl KbI3AbIpbiiaael. Ockiran opaii icinired MIIK-re TemriepatypaHbiH acepi
seprrengi. Temenneri 1-xectemeH Ttemmneparypanbly xorapinaybiMeH MIIK-TiH iciny gopexeci aca
©3repMENTIHI KOPIHA.
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l-xecrte
MeTaa-nojJuMepJii KOMIUIEKCTepAiH iciHy gopekeciHe TeMIepaTypaHbIH dcepi
n-OI'M-AK wnerizingeri MITK

Temmneparypa, °C 25 30 35 40
845 847 850 910
o, % 864 868 869 901
836 844 846 903

OprTaia KepceTKimn 848+16 853+15 855+14 905+5

n-2I'M-MAK =nerizingeri MITK

Temmneparypa, °C 25 30 35 40
650 654 657 690
o, % 663 667 677 704
642 651 669 705

OprTaia KepceTKiln 652+11 657+10 668=+1 701+4

n-II'M-AK wneriziggeri MITK

Temmneparypa, °C 25 30 35 40
726 731 746 800
o, % 733 742 759 802
718 722 737 806

OprTaia KepceTKiln 726+7 732+10 747£12 803+2

n-III'M-MAK wneriziageri MITK

Temmneparypa, °C 25 30 35 40
610 625 636 672
o, % 624 633 648 651
609 617 623 680

Oprarira KepceTKin 614+10 625+8 636+12 668+12

XKorapeiga xepcerinren kecre manimerrepineH MIIK-TiH iciHy gopexeciHe TemmeparypaHbIH acepi
MapabIMChI3 €KeHiH Oalikayra Oomanpl. Alaiia reiib KOJIEMIiHIH a3jan e3repreHi kepiHmi. by kepiHic
MOJIUMEPJT TeITh KOJIEMIiHACTI MeTayll OOIIIeKTePiHIH KaTAIUTUKAIBIK OSJIICEHAUTITIHE CHHEPTETHKANIBIK aCep
KepceTyl MYMKiH.

Ypaic ke3inae opTaHblH pH KepceTkimn 1ie e3repicKe YIIbIpaiabl, cedebi THApiey CIITiIIK opTama
otemi. Conmpiktan MIIK-H icinyine optansiH pH ocepin 3eprrenix (3, 4-cyp.).

o, %
900 -

800 -
700 -
600 -
500 -
400
300 -
200 -

100 -

0
2

w

ComosimMepiiepaiH Kypamsl, coiikecinmre n-OI'M: I — AK 22,8:77,2 mac. %; 2 — MAK 29,2:70,8 mac.%
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o, % 900 -
800 - !
700 -
600 -
500 -
400 -
300 -
200 -

100 -
pH

Cononumeprnepid KypaMmsl, coiikecinme n-IITI'M: 1 — AK 22,8:77,2 mac.%; 2 — MAK 29,2:70,8 mac.%
4-cyper. MIIK-Hb1H icinyine opransiy pH acepi

Toxipubenik manmimerTepaeH (cyp. 3, 4) KUCBIKTapAbIH KaHBIKIIaFraH MOMM3(UpIl maibpiaap Heri3iH-
JIETi TUIPOTENbICP/IiH iCiHY 3aHIbLIBIFBIHA YKCAC EKEHIH Oaiikayra Oonaznpl. Cinritik opraga MIIK-tiy iciny
TIOPEXKECIHIH KOoFapbl OOJybI 3JCKTPKATAJUTHKANIBIK TUAPJICY YPAICIHIE OHTAibl HOTHXKE Oepexdi, ceOeOi
KOMIUIEKCTIH iCiHy KaOileTiHiH )oFapiaybIMeH cyOCTpaTThIH KaTaau3aTopra KOJDKETIMALIITI e ocei.

3eprreynepimi3 epitkim TaburaTeiHblH MIIK-TiH iciHy nopeskeciHe ocepiH 3epTTEYMEH >KajFacThl.
EpiTKIimTiH MONAPIBIFE YIIFalifaH calblH oHmarel TomuMep MeH MIIK coFypieiM  Kakchl iCiHE.
OuU3HKANBIK CHIIaTTaMaJIapAaH JUAJIEKTPIIIK OTKI3TIINTIK epITIHAIHIH MOISPIBIFE 0acTamKbl MaHBI3IBUTBIKTA
Oomanp! (2-xecte) [11].

2-xecTe
MeTanj-nojaumMepJii KOMIUIEKCTEPAiH iciHy mapexecine epiTkimTepain acepi
. Juamektpiik Jumons ik JloHOpIIBIK AKIIETITOPIIBIK a, %
EpiTkim o

OTIMILTIK, € CaT, W MOH MOH 1 2 3 4
Cy 78,5 1,8 18 54,8 845 650 726 610
JIMCO 48,9 3,9 28,9 19,3 768 543 623 432
JIM®DA 36,7 3,8 26,6 16,0 756 539 599 445
DTaHOa 243 1,7 19,6 37,9 566 365 278 189
AneToH 20,7 2,7 17,0 12,5 214 198 123 87
Mupuana 12,3 2,2 33,1 14,2 132 111 96 65

Ecxkepmy. 1 — n-DI'M:AK; 2 — n-OI'M:MAK; 3 — n-III'M:AK; 4 — n-III'M:MAK.

JupnekTpiiik eTIMIUTIK TeH MOoNMMEpIepaiH iCiHy Iopekerepl apachlHAa, HAKTHIpAaK aiTKaHAa, opTa
MOJISIPIIBI EPITIHALICpACH MUPUANHTE Kapail Koppensuus Oalikanaiasl. Anaiina iciHy JopekeciHiH ToMeHaeyl
OaiiKaMainibl.

IIupuauHHIE 9JICI3 HETI3re >KaTaThIHBIH (K,,=1.7'1079) aTam OTKeH >oH. [IMpuIuHHHIH XUMUSIBIK
KAaCHUETTEPiH €CKEepEe OTBIPHIN, OHBIH JOHOPJBI €PITKILITEPre *KaTaThIHBIH XKoHE OYHBIH, 63 Ke3eTiHAe, CYIbI-
MUPUANHAL opTama moamdnekTpoautTepain (n-0I'M, n-III'M men AK, MAK comommmepnepi) iciHy
JOPEKECiHEe ocep CTeTiHiH aTanm oTKeH oH. COHbIMEH KaTap NMUPHAWHII THAPJICY Ke3iHAe KYIITI HeTi3re
KaTaThlH MUITUPUANH TY31IeI1. 3epTTeNreH 3JIeKTPKaTaIUTHKANBIK JKYie YIIIH OpraHuKaibIK epiTiHIIepIiH
0,5 00.% neifiHri apaibIKTa MOIMMEPIiH iCIHY Adpexeci OIpKaNbINTh OONATHIHABIFBIH €CKepreH eH. bisre
KKeTTI YpAic karmalelHAa epitingeri nupuauHHiH Memmepi 0,3 00.%-TeH acmaiiipl KoHE MUPHUAWH:CY
KaTbIHACHI TeK KaHa azas Oepei.
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Kopvimuinowbt

Ochuraifina, >KYPri3iireH Toxipuodenep HOTHKECI METaUI-TIOJIMMEPIIi KOMIUIEKCTEPIIH ICIHY Iopeike-
CiHE TeMIIepaTypaHbIH BIKINAIBl MapABIMCHI3 eKeHiH Kepcetemi. [lommaTuneH(IponieH)rIMKoIbMaIeHHaT
HETI31HJEeT] KaHa MeTaI-IOJUMEpPIIi KOMIUIEKCTEp CUITUIIK OpTaAa iCiHy IOOpEeKEeciHiH >KOFapbl MOHTE He
OOJIBITI, ePITKIMITEPAiH MOJISIPIBIFEI OCKCH CalbIH 1CIHY JOpeKeci e apTaThIHIBIFEI OaifKama bl
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MopeaupoBaHue YCJIOBHHM PeaKIMU CUHTE3a OPraHUuYeCKUX COeIUHEeHUH
U MOBEJACHHUS B ITUX YCJOBUAX MOJUMEPHOI0 KOMILIEKCA

CTpyKTypa M COCTaB I'MAPOTreiei Ha OCHOBE HEHACBHIICHHBIX MOJUAI(QHUPHBIX CMOJ C HEHACBHILEHHBIMU
KapOOHOBBIMH KUCIIOTaMH OBITM M3y4YeHBI Ha NIEKTPOHHO-PACTPOBOM MHKpOCKOIIE. JIoKa3aHbl UX MOpUCTast
CTPYKTYpa M HCIHONb30BaHNUE UX B KAUYECTBE MATPHIIB! TSI MMMOOMIN3AMK YacTULl MeTania. Jlanee npuse-
JEeHBl pe3yJibTaThl BIUSIHUS TaKUX BHEIIHMX (akTopoB, Kak Temmepatrypa, pH cpeasl u mnpupona
pacTBOpHUTeNICH Ha HOBBIE METAUI-NOJMMEPHBIE KOMIUIEKCHI Ha OCHOBE HONUITHIICH-(TIPOIMIEH )IIIH-
KOJIbMAJICHHATOB. DKCIIEpUMEHTAIIBHBIE PE3YNIbTAaThl IOKAa3aly, YTO BIHMSHHUE TEMIIEpaTypsl HA CTEIEHb Ha-
OyXaHUsI METAUI-NOJIMMEPHBIX KOMIUIEKCOB HE3HAYHTENbHO. JlaHHBIE KOMIUICKCHI ITOKA3hIBAIOT BEICOKYIO
cTeneHb HaOyXaHMs B IIEIOYHOM Cpelie, a ¢ yBeIHMIeHHEM MOISIPHOCTH pacTBOPUTEINeH HabonaeTcst Bo3pac-
TaHWE CTeTeHH HaOyxaHus. Bbicokme mnokaszaTenun HaOyxaromieidl CrMoOCOOHOCTH MeTaal MOJIUMEPHOTO
KOMIUIEKCA B INEJOYHOH Cpefe TMONIOKMUTEIBHO CKAaXyTCsS Ha pe3ynbTaTax 3JIeKTPOKAaTaIUTHIECKOTO
THIPHPOBAHUS, TaK Kak ¢ pocToM Habyxaromielt crniocobHoctn MIIK yBenuuuTcs M ZOCTYMHOCTH MOJEKYI
cyOctpara karamusaropy. HaOmiomaercsi ompenencHHas — KOppeNsMs — MEXAy  JUIIEKTPUYIECKOM
MIPOHUIIAEMOCTBIO U CTEIEHBIO HaOyXaHWs IOJMMEPOB, B YACTHOCTH, IIPH MEPEXOJe OT PacTBOpHUTENEH co
cpenHell MoIIPHOCTHIO K MUpUIUHY. OIHAKO CTONb 3HAYNTEIEHOTO YMEHBIICHNUS CTENICHN HaOyXaHUs HET.

Kniouesvie crosa: TONMATUICHTIMKOJIBMAJICHHAT, —ITOJHUIIPONIICHITIUKOIBMAICHHAT, HEHACHIIICHHAS
nonvd(upHas cMojla, KaTajlu3, HAHOYACTHUIIEI, HAHOPEAKTOp, KaTalH3aTop, METALI-TIOJIMMEPHBIH KOMILIEKC,
MONUMEpPHas MaTPHULA, YIEKTPOKATATUTHYECKOE THIPHUPOBAHUE.
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M.Zh. Burkeev, E.M. Tazhbaev, S.Zh.Davrenbekov, E.M. Negim,
A.T. Kazhmuratova, T.O. Khamitova, L.T. Ibrayeva, G.E. Kozhabekova,
Zh K. Imanbekova, A.S. Shaiahmetova

Simulation of the synthesis reaction conditions of organic compounds
and the behavior of the polymer complex under these conditions

The structure and composition of the hydrogels on the basis on unsaturated polyester resins with unsaturated
carboxylic acids have been studied by scanning electron microscope. It was proved that their porous structure
and their use as a matrix for immobilization of the metal particles. The results of the influence of external
factors such as temperature, pH and the nature of the solvent on the new metal-polymer complexes on the
basis of polyethylene (propylene) glycol maleate are shown in the article. The experimental data showed that
the effect of temperature on the degree of swelling of the polymer-metal complexes are insignificant. These
complexes exhibit a high degree of swelling in alkaline medium, and with increasing solvent polarity increase
the degree of swelling is observed. High indexes of swelling ability of metal-polymeric complex in an alka-
line medium have a positive impact on the results of the electrocatalytic hydrogenation, as with increasing
swelling ability of MPC availability of substrate molecular to catalyst increases. There is a definite correla-
tion between the dielectric constant and the degree of polymers swelling, in particular during the transition
from solvents with an average polarity to pyridine. However, there is not such a significant reduction in the
swelling degree.

Keywords: poly (ethylene glycol maleate), poly (propylene glycol maleate), unsaturated polyester resins, ca-
talysis, nanoparticles, nanoreactor, catalyst, metal-polymeric complex, polymer matrix, electrocatalytic hy-
drogenation.
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HaHpaBJIeHHbIﬁ cunte3 C- n N-3amenieHHbIX (l)e}lI/I.]'lOKCI/IHPOHI/IHI/IJIHI/IHQPI/IHI/IHOB
C HpOTI/IBOI/IHq)eKHl/IOHHbIM JelcTBHEM

Konpencauueii 1-(MeTwi-, nponui-, OeH3WI- U 2-QEeHHIITHI)IUICPUIUH-4-0HOB ¢ (PEHOKCHUIIPONAPTHIOM B
ycaoBusAX peakiun PaBopckoro B abCOMIOTHOM O€H30I1€ B MPUCYTCTBUM MATHKPATHOTO M30BITKA MTOPOIIKO-
obpasnoro texanueckoro KOH npu cooTHOmIeHNN nunepunon-4: ¢peHokcunpopmnaprun=1:1,5 momxydeHs co-
otBercTByIomue 4-(3-peHokcunporn-1-un-1-mn)munepuana-4-onsl. [Ipy anunmmpoBaHUN TPETHYHEIX (EHOK-
CHIIPONTMHUIIOBBIX ITUIIEPHI0JIOB IIUKIONPONaHKapOOHMIXIIOPHIOM B IUOKCaHEe NPH KOMHATHOW TeMIepary-
pe WM HarpeBaHHU 00pa3yloTCs COOTBETCTBYIONIME THIPOXJIOPUABI CIOXKHBIX 3¢upoB. CTpoeHHe CHHTE3H-
POBaHHBIX COEOWHEHMH MOATBepkAeHO HaHHbIMH crekrtpockonuu SIMP u MKC. Ilokazano, uto
rugpoxiopun  1-metui-4-(3-heHoKCHITPONUH- 1 -11)-4-HHUKIONPONaHKapOOHHUIOKCHITHIICPHIMHA) — POSIBUIT
MPOTUBOMUKPOOHYIO aKTHUBHOCTB in Vitro B OTHOWEHUHU Escherichia coli ATCC 25922, Escherichia coli
ATCC-BAA-196, Klebsiella pneumoniae ATCC 10031, Klebsiella pneumoniae ATCC 700603,
Staphylococcus aureus ATCC 6538-P, Staphylococcus aureus ATCC-BAA-39, Candida albicans ATCC
10231. T'mppoxmopux 1-nponmi-4-(3-denokcurporn- 1-nH- 1 -1i1)-4-1UKI0IponaHKapOOHIIIOKCHITHITCPUIITHA
TIOJIABIIST POCT MY3€HHBIX IITAMMOB MHKPOOPTaHU3MOB, kpome Klebsiella pneumoniae ATCC 700603.

Kniouesvie cnosa: GpeHOKCHIPOIAPTUIIAIEPUANH-4-0J1, ITUKIONPOIIAaHKAPOOHIIXJIOPHA, CIOXKHBIE (QHPEI,
MPOTUBOMUKPOOHAS aKTHBHOCTD, peakius daBopckoro.

[Tonck HOBBIX COeNMHEHUH ¢ AaHTUMUKPOOHBIM M BUPYJIULUIHBIM JEHCTBHEM, B TOM 4HUCIie 00ianaro-
LIUX CIIOCOOHOCTHIO BBI3BIBATH PEBEPCHIO JIEKAPCTBEHHON YyBCTBUTEIBHOCTH, OTHOCUTCS K IPHOPUTETHOMY
HaTpaBJICHUIO B 00JacTH pa3pabOTKH HOBBIX MPOTHBOMH(EKIIMOHHBIX MpenapaToB. AkryansHocTh HUP,
HECMOTpSI Ha OOJBIION acCOPTUMEHT aHTHOAKTEepPHAIbHBIX JIEKAPCTBEHHBIX CPEJICTB, CBA3aHA, B IEPBYIO
oyepenb, C BEICOKOW MPUCTIOCOOIISIEMOCTBIO TATOTEHHBIX OPraHW3MOB K HUM, BKIIFOUas aHTuOnoTuky [1-3].

PanonansHeIM TyTeM MouCKa 3P GEKTUBHBIX OHoONOrnuecky akTuBHBIX coeaunennii (BAC) npusHaHo
HanpaBJICHHOE KOHCTPYMPOBAaHUE HOBBIX MOJEKYN H3 (apMakoQOpHBIX CTPYKTYPHBIX (parMeHToB, cpenu
KOTOPBIX JUIUPYIOLINE MO3UIHNK 3aHUMAIOT HACBIIIEHHBIE a30TUCTHIE TETEPOLUKIIBI, ABIISIOIINECS CHHTETHU-
YECKHMH aHAJIOTaMH MPUPOTHBIX alIKaTOUI0B. Pa3HOOOpas3HbIe MO CTPOCHUIO aJKHIOKCH-, apUIIOKCH- U Te-
TepaapIOKCUIIPOTTMHIIKAPOUHONEI [4—7] 3apeKoMeHAOBaIM ce0sl KaK yIoOHBIE pPEaKIIMOHHOCIIOCOOHBIC
«CTPOUTEIBHBIEY» OJIOKH B OPTaHMIECKOM CHHTE3¢e, B ToM uucie u it BAC.

OcHoBaHKeM ISl IPOBEACHUS HACTOSIIMX MCCIEIOBaHUI SBUIACH BBICOKAs OMOIOTHYECKash aKTUBHOCTD
CHHTE3UPOBAHHBIX paHee CIOXKHBIX 3(upoB 1-(2-3ToKCHITIN)-4-TUapoKcH-4-[ 3-(aprioken)uponwH-1 -1 -
nunepuauHoB [8]. Llens HUP 3akimodyaercs B HampaBIEHHOM CHHTE3¢ HOBBIX ()EHOKCHIPONAPTUIIIUIICPH-
JIUHOB C MOTEHIIMATHLHON aHTUOAKTEPUAIBHON aKTUBHOCTHIO BApPLUPOBAHUEM MPHUPOJIBI 3aMECTHUTENS Y aTo-
Ma a30Ta U BBEICHHEM B MOJICKYJIbI JOTIONHUTEILHOTO (hapMakodopa — nukiIonponaHkapoonuna [9—12].

Kongencarus 1-metun-, 1-nponui-, 1-6en3un-, 1-(2-pernnatun)-4-okconunepuauto (1-4) ¢ heHok-
CUNIPOMNApTHiIOM B ycloBusX peakuuu @asopckoro [13, 14] npuBOAUT K TPETUUHBIM (PEHOKCHIIPONIAPTHUIO-
BbIM ciupTam (5-8).

O ﬂf?O%;a;vof?@

N KOH, benzene N
| |
R

R R

1-4 5-8 9-12

R=CH; (1,5 [13],9): C5H; (2,6, 10); CH2@ (3,7 [14], 11); HZCHZC—@ 4,8, 12)
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OnTUManbHBIMUA ~ TIApAMETPaMU  PEaKIUU  OKa3alluCh COOTHOIICHHE MUIEPUIOH:(hEHUIOKCUTIPO-
iyl =1:5, a0COMOTHBIA O0E€H30JI, MATHKPATHBIN M30BITOK TEXHHUECKOTO €AKOI0 Kajlks, IPU KOTOPHIX (hEeHUII-
OKCHTIPOTTMHIJITATIEPHUIOIBI TIOTYYEHBI C XOPOIIMMH BBIXoaMu (Tabir. 1).

AnmnupoBanre (HhEHOKCUIPOITMHUIOBBIX MTUIEPUAONIOB (5—8) B3AThIM B M30BITKE IUKIOMPOIIAHKAPOO-
HWIXJIOPHUJIOM TPOBOST NMPH KOMHATHOW TEMIIEpaType Wi HarpeBaHuu B AuokcaHe. CloxHbIe 3QUPHI IUK-
JIOTIPOTIAaHKApOOHOBOH KHUCIOTHI (9-12) mpencTaBisioT coboi Oenple KPUCTAUITMUSCKHIE TTOPOIIKH, XOPOITIOo
PacTBOPUMBIE B BOJIE, STAHOJIE U allcTOHE.

CocTaB ¥ CTpOCHUE CUHTE3UPOBAHHBIX coenHeHuH (6, 8, 9—12) moaTBepKIeHBI JaHHBIMH 3JIEMEHTHO-
ro axanmsa, UK crexrpockonuu, criektpockonui IMP °C, nnauBHIyansHOCTh — TOHKOCIOWHON XpoMa-
Torpadueii (Tabdi. 1).

Taonuma 1

Bbixoas! 1 GU3NKO-XHMHYECKHE XapAKTePUCTUKH cOeJuHeHMmii 6, 8, 9—12

it 0
NQHZ(I)_I;I:IH_ Brixon, % Ry s ‘C Bgiicilggoﬁﬁ BpyrTo-dopmya WK crexp, em’!
C H OH C=0
6 70,3 0,48 Macio ;—i:% %:Z—é C7Hx;NO, 3574 -
8 95,0 0,51 112-114 %:% %% Cy,HysNO, 3605 -
9 66,4 0,83 181-183 %z—g %:% C1oH24NO;Cl1 - 1738
10 29,6 0,91 167-169 %% %% C,H,sNO;Cl - 1732
11 83,0 0,82 163-165 %421_8 %:% C,5H,sNO;Cl - 1731
12 61,6 0,81 143-144 %:% g:% Cy6H30NO;CI - 1727

B UK-cnekrpax mumepunoiioB (6, 8) mposSBISIOTCS MOJIOCH MOTJIOMIEHNS BaJCHTHRIX KOJIcOaHWNA THI-
POKCHIIEHOM Trpymnnbl B oonactu 3574-3605 eM apOMAaTHYECKOro Kojbla 688—752 cm™' . HTEHCHBHbIE T10-
nockl mornomenus mpu 1727-1738 cm™', obycnopnennsle konebanuamu C=0 CIOKXHOIUPHON TPYIIIL,
CBHJICTEITLCTBYIOT 00 00pa3oBaHMH IeNeBbIX 3(DUPOB 4-HeHOKCUTIPOTIMHIII MTUTIEPUI0I-4-0B IUKIIOMPOTIaH-
KapOOHOBOM KUCIOTHI (9—12).

B tabnunax 2 v 3 npuBeACHBI 3HAYCHUS XUMHUYECKUX CIIBUTOB MMPOTOHOB U ATOMOB YTJIEPO/Ia, KOTOPEIC
MOJTHOCTBIO MOJITBEPIKIAIOT YTIIEBOIOPOJTHBIN COCTAB CIIOKHBIX dPUPOB 4-(HhEeHOKCUTIPOTTUHII THTIEPUA0NT-4-
OB [UKJIONPOMAHKApOOHOBO# KHCITOTHI (9—12). B crmbHOMONBHO# yactu criektpos SIMP 'H (0,78—1,63 m.x1.)
HaOJIOJIAIOTCS CUTHAJBI IIPOTOHOB ITUKJIONIPOITMIBHOTO (hparMeHTa, a B CJIa0OIOILHOM 00J1aCTH CIIEKTPOB 9—
12 (6,93-7,31 m.n.) pe3oHHPYIOT MPOTOHBI (eHWwIbHOTO panukana (OPh), ams N-OensunpHOoro (11) u
N-dpermmTrnsHOro (12) MPOU3BOMHBIX MOSBIISETCS JOMOTHUTEIBHBIN HA0OP CUTHAIOB METHHOBBLIX MPOTO-
HOB €IIIe OJHOTO (PEHUIBHOTO KOJbIa. OKCHMETUICHOBBIC TIPOTOHBI TPOSBIISIFOTCS B BUJIC CHHIJICTOB B 00-
nactu 4,83-4,84 M.1., IPOTOHBI MUIIEPUIUHOBOIO LUKIA Pe30HUPYIOT mpu 2,09-3,57 M.A. B BUIIE HEpa3pe-
IIEHHBIX MYJIbTUILIETOB.

Tabnuma 2

3HayeHHs XMMHYeCKHX CIBUTOB NPOTOHOB B cniekTpax AMP 'H 3¢pupos
4-deHOKCHITPONMHMINUTIEPHI0J1-4-0B HUKJIONPONAHKAPOOHOBOH KHCJIOTHI (9-12)

Ne coenum- Xumudeckue cnuru (CDCL3), 6, M.,
HEHUS H-2,6a | H-2,6e | H-3,5a | H-3,5¢ |O-CH,| H cyclopropan OPh N-R
9 2.92dm|3,31dm| 2,32m | 246 m |4,83d|0,78-0,87 m; 1,60d | 6,93-7,28 d 2,60 N-CH;
. 2,91; 1,68; 1,63

10 3,34dm|3,43dm| 2,09m | 2,35m |4,84d| 0,87-0,99 m; 1,59 | 6,91-7,31d N-CH,CH,CH,

) 4,22;6,92-7,62
11 2,89m | 3,18 m |2,35dm| 2,46 m 4,88 d|0,77-0,86 m; 1,59 m| 6,90-7.41 N-CH,Ph

) B 2,99;3,75; [6,93-7,33]
12 352m | 3,57m | 2,33m | 2,46 m |4,84d[0,78-1,02 m; 1,63 m| 6,93-7,31 N-CH,CH,Ph
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Tabnuma 3

3HAYCHHS XHMHYECKHX CIBHIOB aTOMOB yriiepona B cniektpax AMP " C a¢upos
4-¢eHOKCHITPONMHMINUTIEPHI0J1-4-0B HUKJIONPONAHKAPOOHOBOM KHCJIOTHI (9-12)

N Xumudeckue cnuru (CDCL3), 6, M.,
° co-
eluHe- CH CH,
st Css Cus Cy (cyclo- |(cyclo-| C=0O |[=C-CH,| C4-C= | O-CH, OPh N-R
propan) |propan)
) . 115,5; 115,68,;
9 :g’ %69’ i%’%i’ 71,22 | 13,61 | 8,99 | 172,62 | 81,88 | 85,97 | 56,06 | 121,8;129,9; 13_2(’:21_‘1‘
’ ’ 129,9; 157,7 }
115,49;
. . 115,65; 57,18;
10 é%’%z)’ 179’%28’ 71,60 | 13,61 | 8,99 | 172,62 | 84,06 | 85,07 | 56,11 121,82; 17,20;13,31
’ ’ 129,94, N-CH,CH,CHj;
130,04; 157,5
(115,32; 58,75; (115,32;
33,55;| 48,77, 129.,95; 129.,95;
11 33.88| 48.95 71,61 | 13,30 | 8,99 | 172,55 | 81,87 | 85,93 | 56,06 130,05): 130,05): 132,05
157,75 N-CH,Ph
33,09:| 47,15 (115,49, (5165041292?29158
12 33.82| 49.19: 71,58 | 13,33 | 9,01 | 172,64 | 85,07 | 85,97 | 56,47 1301%)1,185;7 . 130.1):137.72
’ ’ N-CH,CH,Ph

B crextpax SIMP "°C (Ta61. 3) HUKIONPOTaHKapOOHMIOKCHIPOM3BOAHBIX (9—12) IPHCYTCTBYIOT CHHI-
JICTHBIC CHTHAJIbI aTOMOB yIJIepoja CI0KHO(UPHOro kapOonuia B odgactu 171,55-172,64 m.x., CHHIJIET-
Heiid curHan C, pesonupyer B obnactu 71,22—71,61 m.1., aToM yriiepoia METUIEHOBOM TPYIITBI TPOIMHHOBO-
ro ¢parMenTa nposiBisieTcs B odaactu 56,06-56,47 m.u. CnabononbHas o01acts (115-137 m.1.) crekTpos
«HACeJICHa» CUTHAJIAMH apoOMaTHYECKUX yTiepoaoB. CHIbHOMONBHEIE cHTHaNBI mpu 8,99-9,01 m 13,30—
13,61 oTHeceHBI K yriiepoiaM LUKIONPONAaHOBOro Kojbla. Kpome Toro, HaOmromaercss nyOseTHBIN HaOop
curHajioB yraeponoB C;s u C, s coorBeTcTBeHHO npH 32,97-33,89 m.a. u 47,02-50,86 M.1. MUIIEpUIUHOBOTO
LIMKJIA, CBA3aHHBIX C 3aME/IJICHHON HHBEPCHUEH MOCIETHEro U3-3a 00bEMHBIX 3aMecTuTenei mpu Cy.

9KCI’l€pLLM€HmaJZbHa}l XUMu4deckas 4acmbov

Xox peakiuu ¥ MHAUBHYaTbHOCTh COSAMHEHUN KOoHTponmpoBanu MerogoM TCX Ha Al,O; Il crenenn
AKTUBHOCTH C TIPOSBIICHUEM TISITEH ITapaMHu HoAa, IoeHT — OeHzom:auokcad — 4:1 min 3:2. MK-criekTphl
3anucansl Ha ciekTpomerpe «Nicolet 5 700 FT-IR» B tadnerke ¢ KBr. Cnexrpsr AIMP B CDCl; 3anucanbl Ha
ciiektpomerpe INM-ECA400 npon3ssocTsa kommanuu «Jeol» (SInonust) ¢ paGoueit uactotoit 400 MI'n ('H)
1 100 MI'; (CPC).

1-nponun-4-(3-¢henoxcunpon-1-un-1-un)nunepudun-4-on (6). B mIockomoHHYI0 KOJIOY, CHAOXKECHHYIO
MarHMTHOW Memankoi, BHocAT 3,92 1 (0,07 MoJb) mOpomkooOpa3Horo eaxoro kamus B 10 M1 abCOIOTHOTO
Oenzona u yepe3 10 MuH mpu nepeMermnBanuy npukansiBaoT 9,03 mia (0,07 monb) 3-penokcunponuna-1 B
15 M1 abcomoTtHOro Oen3zona. [Ipu 3ToM HabrOMaeTCs HE3HAYHTEILHOE pa3orpeBaHie U U3MEHECHUE [IBETa
pactBopa. Uepes 30 mun mpukamnsiBaiot 2,14 M (0,014 momns) 1-nmpormmmnmunepunua-4-oda (2) B 15 mur abco-
JIOTHOTO OeH3oua. PeakoHHyI0 cMech MepeMelrBaloT B TedeHue 24 4. B peakmoHHy0 cMech 100aBis-
10T 50 MJT BOZBI, XOPOIIIO BCTPSXUBAIOT PACTBOP, 3aTEM Pa3EiaiOT CJIOW. BOMHEIN CI0H SKCTparupyoT O¢H-
30510M (5%30 mi). OpraHudeckue CJIOH O0bEIUHSIOT, CyIIaT CyabhaToM Maraus. OTHUIBTPOBBIBAIOT OCY-
IIUTENh, YINAPUBAIOT PACTBOPHUTEIb, OCTATOK MEPEKPUCTAIUIM30BHIBAIOT M3 Tekcana. [lomywaror 2,72 T
(70,3 % ot Teoperndeckoro) 1-mpomnmin-4-(3-henokcunporn-1-uH-1-wn)nunepuaua-4-ona (6) B Buae macna
CBETJIO-KENTOro 1BeTa, R, 0,48 (amoeHT — OeHson:auokcan — 4:1).

1-(2-penunamun)-4-(3-gpenoxcunpon- 1-un-1-un)nunepuourn-4-on (8). B mnockonoHHyr0 KO0y ¢ Mar-
HUTHOW Memankoii BHocaT 1,65 1 (0,0295 monp) mopommkoo6pazHoro eakoro kainus B 10 M1 abconmoTHOro
OeH3oja U yepe3 10 MUH TIpu epeMenuBaHuy npukamnsiBaroT 3,79 mi (0,0295 mMoib) 3-heHokcunpornrHa-1
B 15 Mt abcomoTHOro Genzona. [Ipu 3ToM HabMrOIaeTCsl HE3HAYUTEIFHOE Pa30rpeBaHue U U3MEHEHHUE 1IBETA
pactBopa. Uepes 30 mun npukansBaoT 2 r (0,0098 monb) 1-(2-henunytun)-nunepuant-4-ona (4) B 15 mn
abcommoTHOTO OeH30J1a. PeakmmonHyto cMech IepeMENTHBAIOT B TEUCHHE 7—8 9 IpU KOMHATHOM TeMItepaTy-
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pe. B peakimonHyro cMech 100aBisitoT 50 MIT TUCTHIUTMPOBAHHOW BOJIBI, Pa3ACisioT ciaou. BomHbI 3KkcTpa-
TUPYIOT OeH30J10M. OpraHudYecKre CIOM O0BEAMHSIOT, CyIIaT cyibdarom Marausa. OTGUIBTPOBBIBAIOT OCY-
IIUTENh, YIIAPUBAIOT PACTBOPUTENH, OCTATOK MEPEKPUCTAIUIN30BRIBAIOT U3 Tekcana. [lomyqator 1,88 1 (95 %
OT Teoperndeckoro) cnupra (8) B Buae OenbIX KpucTamioB ¢ T. 1. 112-114°C, R, 0,51 (amoeHT —
OenH3o: muokcan — 4:1).

Tuopoxnopuo  1-memun-4-(3-gpenoxcunpon-1-un-1-un)-4-yuxnonponankapoonunokcununepuouna (9).
Pacteop 0,83 mu (0,0092 Momb) IMUKIONPOIAHKAPOOHWIXJIOPH/IA B A0COFOTHOM JIHOKCAHE MEIJICHHO TpH
NepeMeIMBaH NpWIMBalOT K pactBopy 1,5 T (0,0061 momb) 1-merun-4-(3-¢penokcunpon-1-un-1-
wn)nunepuanH-4-omna (5) B abcomoTHoM muokcane. [Ipu 3ToM HabmomaeTcs pa3orpeBaHUe PEaKITMOHHON
cmecu. CMech BBIIEPKUBAIOT 24 9 TIpu KOMHATHOU Temmeparype. OTroHSIOT pacTBOpUTENb. OCTaTOK IPO-
MBIBAIOT JAUATUIOBBIM 3(PHUPOM, MEPEKPUCTALIM30BHIBAIOT U3 H3onponanoia. [lomyuator 1,42 1 (66,4 % ot
TeopeTudeckoro) Tuapoxiopuaa 1-metmin-4-(3-peHokcunpor-1-uH-1-mn)-4-nuKIonponaHKkapO OHUIOKCH-
nunepuauHa (9) B Buae kpucramios ¢ T. mi1. 181-183 °C, R, 0,83 (ALOs, amoeHT — OEH3011: TMOKCaH —
3:2).

Tuopoxnopuo 1-nponun-4-(3-gpenoxcunpon-1-un-1-un)-4-yuxnonponanxapoonunoxcununepuouna (10).
PactBop 1,66 mi (0,0183 Mojib) HHMKIIONPOIaHKAPOOHMIXJIOpHIA B a0COIOTHOM JUOKCaHEe MEIJICHHO IIpH
NepeMeIMBaHuN PUKANbIBaOT K pactBopy 2,5 T (0,0091 mons) 1-npornmi-4-(3-penokcunpon-1-uu-1-mi)-
nunepuauH-4-ona (6) B abcomoraom auokcane. [Ipu 3Tom HaOmogaeTcst pa3orpeBaHue peakMOHHON cMe-
cu. CMech BBIJIEP)KUBAIOT B TEYCHHE 3-X CYTOK MPH KOMHATHOU TemmepaTtype. X0 peakiuud KOHTPOIHUPYIOT
no TCX. Otrossitor pactBoputesib. OCTaTOK MPOMBIBAIOT TUITHIOBBIM 3(QUPOM, IEPEKPHUCTAIUIN30BBHIBAIOT
n3 wmsomnponaHona. [lomyugaror 0,74 1T (29,60 % oT Teoperuyeckoro) ruapoxiopuaa l-mpormmn-4-(3-
(benokcunpon-1-un-1-um)-4-nuknonponankapoonmnokcununepuausa (10) ¢ t.mwr 167-169 °C, R, 0,91
(AL, O3, ammr0eHT — OeH30II: IuoKCaH — 3:2).

Tuopoxnopuo 1-6enzun-4-(3-gpenoxcunpon-1-un-1-un)-4-yuxkronponanxapoonunokcununepuouna (11).
K pactBopy 1,5 r (0,0047 monb) 1-6en3un-4-(3-penokcumnpon-1-un-1-mwn)nunepuaua-4-ona (7) B abcomor-
HOM JWOKCaHE TPH MepeMEIIMBaHNN MeIJICHHO TpukansBaroT pactBop 0,84 mi (0,0093 Moib) MHUKIOIPO-
MaHKapOOHUIXJIOpHUAa B aOCONMIOTHOM Auokcane. [Ipu 3ToM HaGmogaeTcss He3HAUMTEIbHOE Pa30rpeBaHUe
PEaKMOHHON CMeCH, peaKLIMOHHYIO CMeCh HarpeBaroT npu temmneparype ~50 °C B Teuenne 30 MMH U BBI-
JIEPKUBAIOT 24 9 MPU KOMHATHOW TeMriepatype. OTToHSAIOT pacTBOpUTENh. OCTaTOK MPOMBIBAIOT JAUATHIIO-
BBIM 2()HPOM M TIEPEKPUCTATUIN3OBBIBAIOT U3 n3onponanoia. [lomyqator 1,64 1 (83,0 % oT TeopeTnyeckoro)
rugpoxiopuaa 1-6en3un-4-(3-penoxcunporn-1-un-1-un)-4-muknonponankapoonunokcununepuanaa (11) c
T. 1. 163-166 °C, R,0,82 (AL,O;, amoeHT — GeH30m1: quoKcan — 3:2).

Tuopoxnopuo  1-(2-gpenunamun)-4-(3-cpenoxcunpon-1-un- 1-un)-4-yuxionponankapOonuiokcununepu-
ouna (12). CmemmuBaroT ropsiaue pactBopsl 0,62 mi (0,0068 Mop) nuKIonponaHkapOOHMIXIOpHIa B abco-
JIOTHOM JuokcaHe ¢ pactBopoM 1,5 T (0,0045 mons) 1-(2-dhenunstun)-4-(3-henokcumnpon-1-un-1-wn)nm-
niepuanH-4-o7a (8) B abcomoTHOM nuokcane. CMech MPOIOIDKAIOT TIEPEMEIINBATh B TeUCHHE | U U BBIAC-
JKUBAIOT 24 9 TIpu KOMHATHOU TemriepaType. OTToHSIOT pacTBOpUTEdh. OCTaTOK MPOMBIBAIOT TUATHIOBBIM
s¢pupom. Ilepekpucraman3oBeiBatloT U3 u3onponanona. Ilomydgator 1,22 r (61,62 % OT TeopeTHuecKoro)
ruapoxiopunaa  1-(2-pernnatun)-4-(3-heHokcunpor- 1 -uH- 1 -wi1)-4-1UKI0NPOIaHKaApOOHUITOKCUTTUIC DU M-
Ha (12) ¢ . 1. 143-144 °C, R;0,81 (Al,O3, am0eHT — OeH30J1: AHOKCaH — 3:2).

Hccnedosanue buonocuueckol akmusHoCmu

I'uapoxnopuasr  1-metun-4-(3-henokcumnpon- 1 -un- 1 -mi)-4-uuKIonponankapOOHUIOKCUITUTIEPUINHA
(9, IINII-36), 1-mpommi-4-(3-heHokcurnpon-1-un-1-mr)-4-rmkronponankapoormtokcurunepuanaa (10,
[MUIT-37) u 1-(2-pennmatin)-4-(3-penoxcunpon-1-uH-1-mi)-4-IUKIOMPONAHKAPOOHUITOKCUITUTICPUANHA
(12, TIAII-35) u3y4eHsl HA aHTUMHUKPOOHYIO aKTUBHOCTH B JlabopaTopun Mukpooduonoruun AO «Hayunbrii
LEHTP HNPOTHBOMH()EKLMOHHBIX IIpenapaTroB». Pe3yibTarbl OMOJIOTMUECKUX MCIBITAHUN IIPEICTABICHBI B
Tabuue 4.

Oxkazanoce, uto [TNUII-36 (9, rugpoxnopua 1-metnn-4-(3-penokcunponus-1-ui)-4-uKIonponaHkap-
OoHmyokcumnumiepuanaa) [15] oOnamaer aHTUMUKPOOHON aKTHBHOCTHIO KO BCEM CEMH B3ATHIM B
OKCIICPUMEHT MY3CHHBIM INITaMMaM MUKpPOOpraHm3MoB: FEscherichia coli ATCC 25922, Klebsiella
pneumoniae ATCC 10031, Candida albicans ATCC 10231 B xonuentpauun (MUK 1000 mkr/mi), a B
otHomieHun Escherichia coli ATCC-BAA-196, Klebsiella pneumoniae ATCC 700603, Staphylococcus
aureus ATCC 6538-P, Staphylococcus aureus ATCC-BAA-39 B xonnenrpauun (MUK 2000 mxr/mi).
[MUII-37 (10, rugpoxnopux 1-nponun-4-(3-¢peHokcunpon-1-un-1-m)-4-nHuKIonponaHKapOOHUITOKCHUITUIIE-
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pHUIMHA) MOAABIsIET pocT 6 MTaMMOB MHKPOOPTraHM3MOB, a B oTHoueHuu Klebsiella pneumoniae ATCC
700603 oxasaics He aKTHUBEH.

Tabnuma 4
AHTHMHEKPOOHAsA akTuBHOCTHL ITUII-35 — TINII-37

[IItamMmm
Escherichia | Escherichia | Klebsiella Klebsiella | Staphylococ- | Staphylococ-| Candida
udp coli coli pneumonia | pneumonia | cus aureus | Ccus aureus albicans
COCIIITHEHUS ATCC ATCC- ATCC ATCC ATCC ATCC- ATCC
25922 BAA-196 10031 700603 6538-P BAA-39 10231
MUK, Mkr/mn
9, [TNI1-36 1000 2000 1000 2000 2000 2000 1000
10, ITUTI-37 2000 2000 2000 HA 2000 2000 1000
12, ITUII-35 HA HA HA HA HA HA HA

Ipumeuanue. HA — He akTuBeH.

[IAII-35 (12, ruapoxnopun 1-(2-henunatun)-4-(3-beHokcHupor-1-un-1-mi)-4-nuKIonponankapoo-
HUWJIOKCUITUTICPUINHA) HE MPOSBUI MPOTUBOMUKPOOHYIO aKTHUBHOCTb.

SKCl’lepuMeHmaﬂbHa}Z OUoONO2UYECKAs YACTb

CunresupoBannbie coenuuenus (9, 10, 12) nox mmdpamu [TUIT-35, [TUI1-36 u TTNI1-37 u3y4eHs! Ha
MPOTUBOMHUKPOOHYIO AKTHBHOCTb B OTHOLICHWM MY3€HHBIX IITAMMOB MHKpPOOPTaHU3MOB, OIIEHEHBI
JEWCTBUSI AaHHBIX TpenaparoB in vitro B oTHoweHuu Escherichia coli ATCC 25922, Escherichia coli
ATCC-BAA-196, Klebsiella pneumoniae ATCC 10031, Klebsiella pneumoniae ATCC 700603,
Staphylococcus aureus ATCC 6538-P, Staphylococcus aureus ATCC-BAA-39, Candida albicans ATCC
10231. Mopnenpb uccrnenoBaHusl BKIIOYACT B ce0sl HEOOXOAUMBIHK MHHUMYM TE€CTOB C Pa3UYHON CTEIIECHBIO
qyBCTBUTENBHOCTH in vitro [14]. Cxema mccieoBaHUsS IPOBOIUTCS B COOTBETCTBUU C JIEHCTBYIONTUMHU Ha
teppuropun PecniyOnuku KasaxcTan MeToauyecKMMU peKOMEHIALMAMH, YTBEpXKIEHHbBIMU [ ocynapcTBeH-
HeIM Dapmakonoruueckum komureToM Pecnyonuku Kaszaxcran [16, 17].

Tloocomoska my3etinbix Kyibmyp K UCCIe008AHUIO. PeaKmueayus, npoepKa HCUIHECNOCOOHOCU U
KOHMpONbL usuono2o-ouoxumuueckux ceoticme. Ilepen HayaaoM 3KCHEPUMEHTAa MUKPOOPIaHU3MBI I1OA-
BEPIVIMCH PEaKTHBALUH (0KHUBICHHUIO) C MOCIEAYIOMNM CyOKYyIbTHBUpOBaHHEM. [y onpeneneHus Ku3He-
CIOCOOHOCTH B3ATBHIX B 9KCIIEPUMEHT MUKPOOPTaHU3MOB HCIIONB30Bail MeTo Koxa. YcraHOBIEHO, YTO BCe
IITAMMBI 00JIaAI0T XOPOLIEiT KI3HECTIOCOOHOCTHIO, mpeBbiaronteii 10" KOE/mi.

Onpedenenue munumanvhol uneubupyiowei konyenmpayuu (MUK) npenapamos ITHII. OtieHky Mu-
HUMaJIbHON mHrHOupytomeld konueHTpauu (MHUK) B OTHOIIEHHH B3STHIX B SKCIIEPUMEHT MHKPOOPTaHU3-
MOB TMPOBOJMIN MO OOLICTIPUHATOMY METOAY ABYKPATHBIX CEPHHHBIX pa3BeicHHH B OyinboHe Mromiepa-
XwunroHa. Jlms mpuroroBieHus 0a30BeIX pacTBopoB IIMII-35, ITMII-36 u IIWII-37 B KOHICHTpanuu
4000 mxr/mi, HaBecky 0,2 r pactBopunu B 50 mi 0,9 %-Horo pactBopa xjiopuaa Hatpus. Jlanee TOTOBHIN
IBYKpaTHbIe cepuiinble passeneHus ot 2000 mxr/mi 1o 2 mMxr/ma (2000 mxr/mo, 1000 mxr/mon, 500 Mkr/mi,
250 wmkr/mi, 125 wmir/ma, 63 mir/mu, 31 mir/miu, 16 Mxr/mon, 8 MKr/mi, 4 MKO/Mi, 2 MKD/MII).
B npuroToBieHHble pa3BeAECHUSI BHOCHIN CBEXEIPUIOTOBICHHYIO CYCIIEH3UI0 MUKPOOpPIaHU3Ma B KOHIICH-
tpamun 10° KOE/M1. KonTponem ciyxuia mpobupKa, COAEpIKAIas MUTATEIbHYIO CPELy C TECTHPYEMbIM
mrammMoM. IToceBsl maKyOHpoBamm B Tepmoctare npu 37 °C B Teuenue 18—24 4. [lo ncreuyeHnn BpeMeHU
MHKyOallu C KaXIOro pa3BeleHUs IpOU3BEICH BbiceB Ha uamku [letpu, conmepxainue arap Mromiepa-
XuntoHa. Yamku [letpu ¢ moceBamu uHKyOupoBanu npu Temmeparype 37 °C B teuenue 18-24 1. MUK
onpenensui no HauMmenblied koHuentpanuu [TNUI1-35, TINII-36 u [TUII-37 xoTopas moAaBisijia BUAUMBIN
POCT TECTUPYEMOI'0 MUKPOOPIaHU3Ma.

B koHTpOIBHOM OMBITE HAOMIOAAIICS] OOMIIBHBIN POCT TECTHPYEMBIX IITAMMOB.

Baxnouenue

Takum 00pa3om, MOKa3aHO, YTO HAMPABICHHOE BBEACHHE IMKIOMPONAHKAPOOHMIBHOTO (parMeHTa B
CTPYKTYpY (EHOKCUIPOIUHWINUIIEPUANHA TIIPUBEIO K COCOUHEHUSIM C IIPUTOTUBOUHGEKIMOHHOM
aKTHUBHOCTBIO. 3aMEeHa METWJIBHOW Tpymbl y aToMa azoTa npenapata [INI1-36 Ha npommibHyio (mpenapat
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[MWI1-37) mpuBOAUT K OCNAOICHHIO AaHTHUMUKPOOHOW aKTHBHOCTH, a 3aMeHa Ha (PEHWIDTWIBHYIO TPYIHILY
(mpemapat I1UI1-35) — x moHO# MOTEepe aAHTUMUKPOOHOH aKTHBHOCTH.
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I'.C. AxmetoBa, ®.M. CanpipbaeBa, ¥.b. Hcaega,
K.2K. Iiponues, T.M. Ceitnxanos, B.K. IO, /I.A. Cynranosa

HNudexumsra Kapceol dcepi C- :koHe N-opbIHOACKaH
(eHnIOKCUNIPONMHNINUNIEPUIUHIEPAIH OAFBITTHI CUHTE31

daBopckuii peakiHsCH JKaFaaibHaAa abCoM0TTI 6eH3011a 6ec ece apThIK MeJIIIep/e alblHFaH YHTAK Topi3ai
texuukaislk KOH katbichiana nunepunon-4:¢enokcunpopnaprun=1:1,5 karbiHaceinaa [1-merun-, 1-mpo-
nui-, 1-6ensun-, 1-GpeHumTii-]-nunepuant-4-ouaapasl GEHOKCUIIPONAPTHIMEH KOHICHCALMSIAY apKbUIbI
colikec 4-(3-dpenokcumnporn-1-nu-1-wr)nunepuauH-4-oa1ap CHUHTE3CTIHIN aNbIHABL YIIIHIMIUIK (GeHOKCH-
TIPONIMHWIAL MHIEPHIONIAPABI IIUKIONPOIIaHKApOOHMIXJIOPUAIICH IHOKCaHIa OeiMe TeMIepaTypachlHAaa
HeMece KBI3ABIPHINT amuiiey OapbIChIHAA Ccolikec Kypaemi d3(HUpNepAiH THAPOXIOpUATEpl TY3uAi.
CuHTE3[IeNTiHIN aJIBIHFaH KOCHUIbICTAapAblH Kypbutbickl SIMP xone UMKC chexrpockomust MamiMerTepi
OoiipiHima  gonengenai.  1-metnin-4-(3-deHokcunpomnuH- 1 -mi)-4-IuKIoNpOonaHKapOOHUITOKCUITU I PUANH
ruapoxaopuninin Escherichia coli ATCC 25922, Escherichia coli ATCC-BAA-196, Klebsiella pneumoniae
ATCC 10031, Klebsiella pneumoniae ATCC 700603, Staphylococcus aureus ATCC 6538-P, Staphylococcus
aureus ATCC-BAA-39, Candida albicans ATCC 10231 kaTblcThl MUKPOOKa Kapchl in vitro OeJceHMiTiK
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KepcereTiHi  aHbIKTaNAbl.  1-IIponmn-4-(3-denoxcunpon-1-un-1-mir)-4-nUKI0nponaHKapOOHUIOKCUITHIIC-
puaun runpoxiopuni, Klebsiella pneumoniae ATCC 700603 Oacka MHUKpOar3alapIblH MYpa)kailJIbIK
IITAMM/IaPbIHBIH ©6CYiH TEXEei.

Kinm ce30ep: (eHOKCHUNIPONApTHIIHIICPHIHH-4-0]I, IUKJIONPONAHKApOOHMWIXIOPU, Kypaemi 3¢upiep,
MHKpOOKa Kapchl Oencenainik, @aBopckuii peakiuschl.

G.S. Akhmetova, F.M. Sadyrbayeva, U.B. Issayeva,
K.D. Praliyev, T.M. Seilkhanov, V.K. Yu, D.A. Sultanova

Target synthesis of C- and N-subsituted phenyloxypropynylpiperidines
possessing an anti-infective action

Several 1-(methyl- propyl-, benzyl and 2-phenethyl)-4-(3-phenoxyprop-1-yn-1-yl)piperidin-4-ols had been
prepared by the condensation of corresponding piperidin-4-ones with phenoxypropargyl in the Favorsky
reaction conditions in absolute benzene in the presence of a fivefold excess of powdered technical KOH at the
piperidone-4:phenoxypropargyl ratio = 1:1,5. The acylation of phenoxypropynylpiperidols by cyclopropane-
carbonyl chloride in dioxane at room temperature or by heating led to the esters as hydrochlorides. The
structure of the synthesized compounds was confirmed by NMR and IR spectroscopy data. It had been found
in vitro antimicrobial activity of 1-methyl-4-(3-phenoxypropin-1-yl)-4-cyclopropanecarbonyloxypiperidine
hydrochloride against Escherichia coli ATCC 25922, Escherichia coli ATCC-BAA-196, Klebsiella
pneumoniae ATCC 10031, Klebsiella Pneumoniae ATCC 700603, Staphylococcus aureus ATCC 6538-P,
Staphylococcus aureus ATCC-BAA-39, Candida albicans ATCC 10231. Hydrochloride of 1-propyl-4-(3-
phenoxyprop-1-yn-1-yl)-4-cyclopropanecarbonyloxypiperidine inhibited growth Museum strains of
microorganisms except Klebsiella pneumoniae ATCC 700603.

Keywords: Phenoxypropynylpiperidin-4-ol, cyclopropanecarbonyl chloride, esters, an anti-infective activity,
Favorsky reaction.

References

1 Bryan, L. (1984). Antimicrobial drug resistance, Orlando: Academic press.

2 Regev-Yochay, G., Raz, M., Dagan, R., & Roizin, H., et al. (2011). Reduction in antibiotic use following a cluster random-
ized controlled multifaceted intervention: the Israeli judicious antibiotic prescription study. Clinical Infectious Diseases, 53(1), 33—41.

3 Antimicrobial resistance surveillance in Europe 2012. (2013). Annual Report of the European Antimicrobial Resistance Sur-
veillance Network (EARS-Net). European Centre for Disease Prevention and Control, Stockholm.

4 Shostakovskiy, M.F., Vlassov, V.M., Kuznetsova, T.S., & Safronova, L.A. (1966). Novaia oblast primeneniia reaktsii
A.E. Favorskoho [A new sphere of application of the A.E. Favorskiy reaction]. Zhurnal orhanicheskoi khimii — J. Org. Chem., 2,
953-956 [in Russian].

5 Azerbayev, LN., Yerzhanov, K.B., Sadykov, T.S., Mussin, M.A., & Umarova, ZN. (1976). Vzaimodeistvie

butoksiproparhilov s karbonilnymi soedineniiami [An interaction of butoxypropargyls with carbonyl compounds)]. Izvestiia Akademii
nauk KazSSR. Seriia khimicheskaia — Izv. AS KazSSR. Chemical series, 1, 30-33 [in Russian].

6 Iokubaitite, S.P., Koudis, Z.P., & Mozolis, V.V. (1980). Sintez i svoistva atsetilenovykh proizvodnykh na osnove
fenoksiproparhila [Synthesis and properties of acetylene derivatives on the basis of phenoxypropargyl]. Trudy Akademii nauk LitSSR.
Seriia B. — Works of AS LitSSR. Ser. B., 1, 116—119 [in Russian].

7 Kurbanov, F.K., Kuchkarov, A.V., Agzamov, K.A., & Dzhurakulov, G. (1972). Sintez atsetilenovykh spirtov na osnove
propargilovoho efira fenolov [Synthesis of acetylene alcohols on the basis of propargyl ether of phenols]. Doklady Akademii nauk
UzbSSR — Reports of AS UzbSSR, 1, 38-39 [in Russian].

8 Bazhikova, K.B., Praliyev, K.D., & Poplavskaya, I.A. (1998). Sintez i nekotorye prevrashcheniia 1-(2-etoksietil)-4-(3-
ariloksipropin-1-il)piperidinov [Synthesis and some transformations of 1-(2-ethoxyethyl)-4-(3-aryloxuypropin-1-yl)piperidines].
Izvestiia MN-AN RK. Seriia khimicheskaia — Izv. MS-AS RK. Chemical series, 3, 112—120 [in Russian].

9 Kozlovskiy, V.I., Praliyev, K.D., Goncharuk, V.V., Zavodnik, L.B., Akhmetova G.S., & Iskakova T.K., et al. (2014).
Analgeticheskaia aktivnost orihinalnykh veshchestv piperidinovoho riada: eksperimentalnoe issledovanie na modeli termicheskoho
razdrazheniia [An analgesic activity of original substances of the piperidine series: experimental study on the thermal irritation model].
Zhurnal Grodnenskoho meditsinskoho universiteta. Belarus — Journal of Grodno Medical University. Belarus, 3, 3841 [in
Russian].

10 Akhmetova, G.S., Sadyrbayeva, F.M., Yu, V.K,, Praliyev, K.D., Zhilkibayev, O.T., & Pichkhadze G.M., et al. (2012).
Piperidinsoderzhashchie proizvodnye tsiklopropankarbonovoi kisloty — potentsialnye FAV [Piperidine-containing derivatives of
cyclopropancerboxylic acid — potential PhAS]. Khimicheskii zhurnal Kazakhstana — Chemical Journal of Kazakhstan, 1, 118-127
[in Russian].

11 Sadyrbayeva, F.M., Ospanova, S.I., Issayeva, U.B., Akhmetova, G.S., Yu, V.K, & Praliyev, K.D. (2013). Amidy
tsiklopropankarbonovoi kisloty — potentsialnye BAV [Amides of cyclopropancarboxylic acid — potential BAS]. Proceedings from
OrgChim-2013: Klaster konferentsii po organicheskoi khimii (17-21 iiunia 2013 hoda) — Cluster of Conferences in organic
chemistry (pp. 248-249). Saint Petersburg, Repino [in Russian].

62 BecTHuk KaparaHauHckoro yHvusepcuTeTa



HanpaBneHHbIn cuHTe3 C- n N-3aMeLLeHHbIX ...

12 Kumar, K. Ajar (2012). Brief review on cyclopropane analogs: synthesis and their pharmacological applications, Int. J. of
Pharm. and Pharmac. Sc., 5(1), 467—472.

13 Bassymbekov, M.B., Sadykov, T.S., & Adilbekov, S.T. et al. (1992). Sintez zameshchennykh fenoksipropinilpiperidolov i
vliianie zamestitelei na stroenie produktov, poluchennykh v wusloviiakh reaktsii hidratatsii [Synthesis of substituted
phenoxypropenylpiperidines and the effect of the substituents upon the structure of the products, obtained under conditions of hydra-
tion reaction]. Izvestiia Akademii nauk KazSSR. Seriia khimicheskaia — Izv. AS KazSSR. Chemical series, 4, 50-56 [in Russian].

14 Zhilkibayev, O.T., Kurmankulov, N.B., & Yerzhanov, K.B. et al. (2007). Sintez i hidratatsiia 1-benzil-4-
(fenoksipropinil)piperidin-4-olov [Synthesis and hydration of 1-benzyl-4-(phenoxypropinyl)piperidine-4-oles]. Doklady NAN RK —
Reports of NAS RK, 3, 103—107 [in Russian].

15 Praliyev, K.D., Kulmanov, M.E., Ilyin, A.L., Sadyrbayeva, F.M., Akhmetova, G.S., & Yu, V.K. et al. (2016). Innovatsionnyi
patent RK No.31047. Hidrokhlorid 1-metil-4-(3-fenoksipropin-1-il)-4-tsiklopropankarbonil-oksipiperidina, —obladaiushchii
antimikrobnoi aktivnostiu [RK Innovative patent No. 31047. Hydrochloride of 1-methyl-4-(3-phenoxypropin-1-yl)-4-
cyclopropancarbonyloxypiperidine, possessing an antimicrobial activity]. Bul. No. 4, dated 15.04.16 [in Russian].

16 Rukovodstvo po eksperimentalnomu (doklinicheskomu) izucheniiu novykh farmakolohicheskikh veshchestv [Guidance for ex-
perimental (pre-clinic) study of new pharmacological substances], (2000). Moscow: The RF Ministry of Healthcare, «IIA
Remediumy [in Russian].

17 Doklinicheskie ispytaniia lekarstvennykh sredstv [Pre-clinic studies of medicinal preparations] (1997). Almaty: The RK
Pharm. State Committee [in Russian].

Cepust «Xumusi». Ne 3(87)/2017 63



OUSUKATIBIK XKOHE AHAJTIUTUKAJIbIK XUMUA
OUSNYECKAA U AHATIUTUYHECKAA XUMUA
PHYSICAL AND ANALYTICAL CHEMISTRY

UDC 548.512+546.05

O.A. Golovanova, I.A. Tomashevsky

F.M. Dostoevsky Omsk State University, Russia
(E-mail: ivan_tomashevsky@mail.ru)

Determination of the nature of the interaction of calcium ions
with amino acids by potentiometric titration

In work on the basis of potentiometric titration, the features of interaction of Ca>" calcium ions with amino
acids (AC), which are involved in biochemical processes in the human body, are established. The regularities
of the complexes formed in the «Ca*"-AC» system are studied theoretically by the example of mixtures of
calcium nitrate with isoleucine (Ile), arginine (Arg), aspartic acid (Asn), glycine (Gly), alanine (Ala). The
conditions for titration are chosen, under which the destruction of the complex occurs. By results, semi-
quantitative characteristics of the interaction of Ca®" and the studied AC were established. It was shown that
the stability of the complexes increases with increasing number of carboxyl groups -COOH and nitrogen-
containing groups in the AC molecule (especially NH, groups in the a-position), and with the increase in the
length of the carbon skeleton of the molecule and the appearance of bulky substituents — decreases. Also, on
the base of insertion of the new criteria § are established comparative rates of lability of complexes. Accord-
ing to their lability, complexes of Ca®* with these amino acids are located in the next order: & (Ca®" — Asp) <
3 (Ca*" —1Ile) <& (Ca*" — Ala) < § (Ca®* — Arg) < & (Ca*>" — Gly).

Keywords: complexation, amino acids, bioorganic ligands, potentiometric titration, modeling, stability con-
stants, calcuim, lability.

Nowadays, the trend that matches with the studying of the principles of processes which are happening
in the alive systems, becomes one of the most leading in the current scientific reaserches. It's exactly,
because actual negative factors of the technosphere (social risks, conflicts and stresses, impact of noise,
vibrations, malnutrition, ecological risks, manufacture hazards, physical inactivity etc.) could disengage
complex system of organic and inorganic substances that exist in the human body in a certain balance [1-7].
At the same time, the growth of the number of diseases which are linked with the formation of, for example,
pathogenic organomineral aggregates (POA) in the human body is 0,5-5,5 % per year [1; 8-10].

The key role in the processes that are characteristic for the human body is allotted for the calcium ions.
In the ionic forms, the content of calcium in the human body is nearly 1 %. It takes fifth place by the
abundance in vivo among chemical elements after carbon, nitrogen, oxygen and hydrogen. In the human and
mammalian bodies 95 % of calcium is contained in the solid tissues: bones and tooth, where he stands in the
form of fluorapatite Cas(PO,4);F and hydroxylapatite Cas(PO,);OH; in the birds and mollusk organism
prevailing type of form is calcuim carbonate. On the surface of the blood vessel wall and arteries calcium can
be found in the form of calcium carbonate or in the complex with the cholesterol, and in the kidneys — in
the forms of oxalate or urates (salts of uric acids) [11]. Calcium ion is primary component not only in
quantitative, but even in functional relation. He takes part in the processes of the transferring of nerve
impulses, provides equilibrium between processes of excitation and stopping in the cortex, participates in the
regulation of contractility of skeletal muscles and heart muscle, takes influence on acid-base equilibrium in
organism and on activity of some enzimes [1; 6—10].
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It must be noted that in the human body Ca®* stands in the continuous interaction between thw organic
and inorganic constitutions of biofluids, including the amino acids. At the time of impaction of negative
factors which are highlighted before, interaction between the ions of calcium and amino acids could be
disrupted. In particular, researches [1, 8—10, 12—18 etc.] confirm that POA have organic constituents in their
own composition. Authors [19] in their work try to find out possible conditions of dissolution of amino acids
which were previously adsorbed on biological substrate. Also, interaction between Ca®” with the biological
enzimes, which are accelerate processes of reaction of calcium ions with the organic constituents of the
human body, was researched on the molecular level [20]. We have understanding of behavior of amino acids
in the solution with the organic salts of sodium, potassium and calcium [21]. However, to prevent human
body from the possible repercussions which are related with the pathogenic mineral aggregation and another
diseases, disturbance of musculoskeletal system, fragility of bones, weakening of immunity and increased
fatigue of organism, on the first stage we should now semi-quantitative and quantitative characteristics of
interaction of components which are taking part in the functioning of the vital activity, in particular, between
such a components as biogenic calcium-ion and amino acid.

Because most of the POA are introduced by the salts of calcium, a lot of investigators are noting that
just specificity of organic constituent, partially, Ca’" and amino acid, mostly controls the process of phase
formation in the human body [9, 10, 12-18 etc.]. But, nowadays there is no unified theory which could
explain the nature of interaction between organic and inorganic constituents of POA.

According to this, the aim of present work is development of methodology for the establishment of the
behavior of the interaction between Ca”" and amino acid which are take part in the metabolism. Also, very
important thing is to find out pattern between the structure of the majority of amino acids and their specific
interaction with the calcium ions.

Experimental part

General issues. Quantitative criteria of the interaction of these components is overall stability constant
which can be calculated by the following formula:

M+nLe [ML];

ML
Bn = [—n]n > (1)
[M][Z]
where B — overall stability constant of all complexes in all existing forms; [ML,] — equilibrium

concentration of the formed complex of calcium and amino acid; [M] — equilibrium concentration of free
metal in the ionic form in the solution; [L]" — equilibrium concentration of free ligand in the solution.

To determine its value, in the most of the cases are used spectrophotometric, ion-exchange and
polarographic methods [6, 22]. But, as it was said before, the object of analysis is difficult and little-learned
system, and format of interaction «Ca** — Amino acid» is not obvious as in the most cases of complexion.
There must be created methods which would be sensitive, precise, quick and selective for another
components of the system. Possible way of such a evaluating could become using of potentiometric titration
of mixes of Ca*" and amino acids by the solution of sodium hydroxide NaOH with the following decoding of
experimental data.

Materials and methods. In the present study were used aminoacetic acid (glycine, Gly), aminopropanoic
acid (alanine, Ala), 2-amino-3-carbamoylpropanoic acid (aspartic acid, Asn), 2-amino-5-(diamino-
methylideneamino) pentanoic acid (arginine, Arg), 2-amino-3-methylpentanoic acid (isoleucine, Ile) (all are
«chemically pure»), their main characteristics are introduces in the Table 1, calcium chloride CaCl,
(«ch.p.»). Researchment of interaction between Ca*" and amino acid was conducted at the 7=298 K by the
potentiometric titration with the ion-selective electrode DJIHC-121Ca, the possibility of its applying as a
selective for calcium ions is pointed in the work [23].

Silver/silver chloride electrode DCp-10103 in this work was used as a reference electrode. The
measuring electrode was lonomer /-160-MH, whose precision of measuring e.m.f. is = 0.1 mV. Precision of
potentiometric titration as a method is enough (overall error of determination is 0.5-1.0 %) to define nature
of interaction of amino acids and calcium ions [24].

Before and after every series of titration potentiometric unit was calibrated by dint of the standard aqua
solutions of calcium nitrate (Ce,no,), = 107,107, 10 mole per liter) under the fixed value of ionic strength

1= 0.5 mole per litre (KNO; was an ionic medium).
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The stock solutions of amino acids and CaCl, were prepared from samples of solid substances, which
were selected with the precision to 10 g; the samples were completely transferred in the volumetric flask
and were dissolved, after that flask was filled by the distill water to the label. The mass of the samples were
determined with a view to reach concentrations C,mino acid = 10> mole per litre, CCa(Now =10~ mole per

litre — it’s optimum concentrations of salt and amino acid under which titration jumps have more obvious
form. These values of concentrations were established experimentally by the authors.

In the case when solubility of amino acid in water is limited, the solution, before filling to the label, was
heated till the full dissolution of precipitation.

During the titration, aliquot with the '=10.0 ml of stock solutions of amino acid and Ca(NO;),
consistently were placed in the volumetric flask with the volume V= 100.0 ml, then flask was filled by the
distill water to the label. After that, content of the flask undergo mixing by dint of the apparatus of mixing of
fluids during the 30 minutes. Finally, from the content of the flask was selected precise volume (20.0 ml) of
process solution and was transferred in pure beaker. Content of the beaker was acidified to pH = 3 by dint of
glass electrode.

Then, in the content of the beaker was immersed connected to ionomer M-160-MMU electrodes: calcium-
selective electrode, reference electrode and temperature sensor. The first clean measure of e.m.f. of the
solution was established in the range of 0.1 mV during 3 minutes. The titration was conducted with the
0.5 ml-step from the burette, as titrant was used fresh solution of 0.10 M NaOH (its was standardized by the
solution of HCI with the acid-base indicator phenolphthalein), the analytical signal was the value of e.m.f. in
mV. The value of this criteria before every measure was established during 45 seconds. Titration was
continued before the moment of starting of precipitation of Ca(OH),. The titration was conducted under
intensive mix by dint of magnetic stirrer.

The principle scheme of potentiometric unit is depicted on Figure 1.

lonomer

1 — Silver/silver chloride electrode; 2 — Glass electrode; 3 — Burette; 4 — Magnetic stirrer; 5 — Magnet
Figure 1. The principal scheme of potentiometric unit for titration aims

It was carried out 3 duplicating titrations, the values of e.m.f. were averaged [25]. Every amino acid
was titrated separately from the other amino acids.

Results and discussion

According to these methodology, we have received potentiometric titration curves for highlighted
amino acids (Table 1). To find out the form of amino acid in stock solution at constant pH, we have drawn
ion percentage diagrams of studied amino acid, where along the abscissa is pointed pH, along the ordinate —
shares of forms of amino acids (Table 2, Fig. 2).

For the aspartic acid ion diagram is drawn at the Figure 3, for the arginine — at the Figure 4. As values
of pKa.ia), except arginine, are standing in the range to pH < 3, amino acids in the aqua solutions before
titration will stay predominantly in the form of zwitter-ion:

R —-CH, —-NH, -COOH & R —CH, —NH; —COO" 2)

Arginine, besides a-NH;" group, has in its composition guanidine group at the §-carbon atom, and that’s
why arginine will stay predominantly in the cationic form at this pH in the aqua solutions [25]:

R"-CH, -NH, —-COOH & R"' —CH, - NH; —COO~ 3)
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Table 1
The most common characteristics of amino acids,
including the dissociation constants and the isoelectrical points
AA Reduction Formule Structure
GIYCine Gly C2H5N02 HzN*CHz*COOH
Alanine Ala C3H7N02 CH}*CH(NHz)*COOH
Aspartic acid Asp C,H/NO, HOOC-CH,—CH(NH,)-COOH
Isoleucine Ile C6H13N02 CH3*CH2*CH(CH3)*CH(NHz)*COOH
Arginine Arg C6H1 5N402 HzN*C(:NH)*NH*(CH2)3*CH(NH2)*COOH
Table 2
o-values for all amino acids
Amino acid )
Glycine 6.3
Alanine 3.1
Aspartic acid 2.1
Isoleucine 2.2
Arginine 5.3
a(R)
1,0
0,8
e —R+
0,4 — R+
0,2 p—
0,0 r 7 r = r
0,0 2,0 4,0 6,0 8,0 10,0 12,0 pH
Figure 2. lon diagram of forms at the different pH for amino acids,
which don't have ionized links in the side groups (Isoleucine, Alanin, Glycine)
a(R) a(R)
1,0 1,0
0,8 —Rt 08 —_—Rt
0,6 R+ R+2- R2- R - 0,6 R4+ R2+- R- —R2t-
0,4 Rt 2- 0,4 — -
0,2 —R2- 02 —R-
0,0 r 2 r r r A 0,0 r : r r r v
0,0 2,0 4,0 6,0 8,0 10,0 12,0 py 0,0 2,0 4,0 6,0 8,0 10,0 120 py
Figure 3. Ion diagram of forms of «acidic» amino acids Figure 4. Ton diagram of forms of «basic» amino acids

To understand basic regularities of complexion of Ca*" with amino acids, it will be needed to classify
obtained curves into smaller groups which will be created by virtue of the structure of studied amino acids.
Based on the experience of later researches [1, 8, 26, 27], we can predict that system in the system are
formed complexes with the ratio Ca®":Amino acid — 1:1.

On the Figure 5 are introduced titration curves of Ca(NOs), and first group of amino acids (Isoleucine,
Arginine, Aspartic Acid) by the aqua solution of sodium hydroxide.
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E, mV
250,0 & L] ! ‘ '
s LT
230,0 &
210,0 o™
.y ® # Isoleucine
L |
190,0 “eee A A Aspartic acid
& B Arginine
A [ ]
170,0 hdy aA
1500 # Y T Y ¥ J
0,0 5,0 10,0 15,0 20,0 250 v (NaOH), ml

Figure 5. Potentiometric titration curves of calcium nitrate ( Ce,no,), = 10~ mole per liter)

and amino acids (Camino acid = 102 mole per liter)

Proceeding the form of curves, it could be predicted, that in system are flowing the following reactions:

On the first step, where is happening the mixing of solutions of Ca(NO;), with the solutions of the
amino acids, usually form complexes, where Ca*" perform a role of complexing agent and amino acids are
playing a role of ligands (4, 5):

R-CH,-NH;-COO =L*; Ca’* +L" & [CaL'J* 4)
For arginine
R'—CH, -NH; -COO™ =L"; Ca* + L' & [CaL"" |** %)
In the start of titration adding of titrant causes small decrease of e.m.f. It is all because of the increasing
of ionic strength, which reduces acivity of free ions of calcium. At the same time [CaL"]** and [CaL™"]**

are staying stable.

At a certain moment, after another adding of portion of titrant, there is a sharp increase of e.m.f. It can
be corresponded to the increase of concentration of unbounded calcium ions, which are releasing in the
solution during the destruction of complex:

[CaL' " &2 Ca* + L~ (6)
For the arginine:
[CaLi+ ]2+ ﬁ Caz+ +Li+ (7)

It could be expected that in the equivalence point (eq.p.) 50 % of complex molecules are stable,
50 % — are destroyed, so, they have formation function n = 0.5 [28].

After full destruction of the complex, e.m.f. starts to undergo small decrease again because of the
increasing of ionic strength, which reduces acivity of free ions of calcium.

At a certain moment, pH of the solution increases to the 10-10.5, which leads to precipitation of
insoluble calcium hydroxide (pSP = 5.26):

Ca® +20H™ — Ca(OH), (8)

As in the eq.p. 50 % of molecules of previously formed complexes are destroying, volume of sodium
hydroxide solution which was wasted on the titration to attain eq.p. can be some sort of semi-quantitative
criteria of interaction between calcium ions and every of the amino acids. So, the more volume we have
wasted, the more we need this to destroy complex and more stable the complex is. To explain the obtained
results, we should return to the table 1. It should be noted that structural formulas of three amino acids above
are differ between each other by: a) the number of carbon atoms in the structural formula; b) the nature of
functional groups; ¢) location of the functional groups.

The molecule of isoleucine has 5 atoms of carbon in the main chain, contains one carboxyl (~COOH)
group, one aminogroup (—-NH;), at a-position one methyl (CH;—) group; the molecule of arginine has the
same structure, but instead of methyl group, on another from carboxyl group ending of molecule is located
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guanidine group NH,—C(NH)-NH,. Molecule of aspartic acid has smaller number of carbon atoms (4) in the
structure and it doesn’t have another group as previous two amino acids, but it contains two —COOH groups
and one —NH, group at the same time.

On the Figure 5 seems obvious the fact that eq.p., if look on it from the side of volume of wasted titrant,
eq.p. of the amino acids line up in the following row: V< V 4,< V 4, what is more, V. and V,, are
slightly different from each other, and V 4, is more different from previous volumes row.

According to the investigation of K.B. Yatsimirsky [29], calcium ions concerns to first group of cations
for which complexing is carried out, predominantly, on account of oxygen atoms — —COOH-group of amino
acid. Impaction of donor atoms of nitrogen for creating of coordinating bonds with calcium (II) is possible,
although insignificant.

As values of volumes of sodium hydroxide, which are wasted on titration of complexes of Ca* with
isoleucine and arginine, are approximately equal, it should be predicted that stability constants of present
complexes have the similar values. At the same time, eq. p. on the titration curve of Ca(NQ;), and aspartic
acid is located far away from the origin than for first two amino acids, moreover, for the molecule of aspartic
acid two —COOH groups at the same time. As it said before, coordination of hard ions of metals in reactions
of complexing with the amino acids is carried out on account of oxygen atoms of carboxyl groups. Also,
—COOH-group there is bidentate and forms a cyclic or bridge structures [30]:

0. o
_ 7 Caa _ 7
\0_"‘ \O---" Ca

Because the molecule have two carboxyl groups, it considered to be more strong ligand, and complex of
Ca”" with the aspartic acid is more stable than with previous amino acid, which is consisted with our data. In
the second group of amino acids (Isoleucine, Alanine, Glycine) are observing next tendencies, which are
submitted on the Figure 6.

E, mV¥
250,0
230,0

® Isoleucine
210,0

A Alanine
190,0 m Glycine
1700
150,0 . T . r .
0,0 5.0 10,0 15,0 20,0 250 v ([MaOH), ml

Figure 6. Potentiometric titration curves of calcium nitrate
(CCa(NO3 Y = 10~ mole per liter) and amino acids (Camino acid = 10 mole per liter)

All stages of the curves are the same as first group of amino acids. It is seen that eq. p. of titration curve
of mix of Ca*" and isoleucine is located significantly closer to the origin than for mixes of Ca** with alanine
and glycine. In contrast to isoleucine, molecules of alanine and glycine are consisted from smaller number of
atoms of carbon and they don’t have big CH;-alternates, which can come the steric obstacles for transferring
of free s-orbitales of complexing agent Ca®" to the electronic pairs of ligand. That’s why complexes of Ca*"
with amino acids AK without any steric obstacles are more stable than those who have in its composition big
alternates and more atoms of carbon in the main chain. Besides the investigation of titration curves of
complexes, the experimental data were processed mathematically and we have obtained first and second
derivatives of curves titration and derivative curves, which were described according to the Gran method.

In the Gran method eq.p. usually determines on graph in the coordinates: V/AE — V, where AV is the
step of titiration, AE — difference of the utmost points of e.m.f.; — the volume of added titrant. Before eq.
p. and after it curve of Gran is linear. Eq.p. serves as the point of the intersection of these lines. Advantages
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and facilities of Gran method are especially obvious in the time of analysis of dilute solutions; they allow to
obtain eq.p. with the require precise because of the linearity of the graph and in the cases, when curve isn’t
have a typical form [31].

As our experimental data are different from the classical potentionmetric titration curves, the Gran
method was modified by the changing of criteria of axis of ordinates — there were a difference between the
current e.m.f. value and the volume of the spent titrant and their values before the start of titration,
respectively. This type of processing allows to avoid the misinterpretation of curves from the collateral
processes, it’s very convenient for analysis. For example, on the Figure 7 are illustrated differentiated
titration curves for mixtures of Ca(NOs), with isoleucine and arginine.

AVSAE, mlfmv
7.0 o

5.0 o .

3.0 9 « |soleucine

. + Arginine

sg.a.2 8 2 23220,

1,0 » 8
L]
M LI 7 I

-1,0 ganee ﬁ] 10,4 15,0 20,0 25,0

v [NaoH),ml
3,0 ( )

-5,0

Figure 7. Differentiated titration curves, proceeded by the Gran method* of mixtures of Ca(NOs),
( CCa(N03 Y= 10~ mole per liter) and amino acids (Camino acid = 102 mole per liter)

by the solution of sodium hydroxide (Cyaon= 10~ mole per liter)

The obtained curves as such could be used for semi-quantitative description of lability of complexes. To
determine the degree of lability, we suggest semi-quantitative criteria, which can describe the behavior of the
collapsing complex — o, which is described by the following equation:

AV AV
0 = —— after the eq.p.; ———before the eq.p., 9
AL q.p AL q.p ©)

where the first term is the relation of the above differences for the point, which is next after the eq.p., the
second term — similarly for a point immediately up to the eq.p. So, the less 8 is, the faster complex destroys
and forms, so it's more labile, and on the turnover.

For every amino acid, according to its curve, was obtained the value of §, all values were matched with
each other. As we see, according to their lability, complexes of Ca®* with these amino acid are formed the
following row: & (Ca>" — Asp) < & (Ca®" — Ile) < § (Ca>" — Ala) < & (Ca*" — Arg) < & (Ca*" — Gly), so, the
most labile complex is complex with the aspartic acid, with the isoleucine — the most stable.

Finally, the obtained results are in good agreement with the theoretical data of other studies [8; 25-27],
which makes it possible to use this laboratory unit as a basic model for further complication and varying the
experimental conditions for establishing the character of the interaction between calcium ions and amino
acids.

Conclusions

1. A technique of potentiometric titration of amino acids and calcium salts is proposed.

2. The nature of all potentiometric titration curves is explained, possible processes, occurring in
solutions with titrant addition, consistent with the theoretical data, are indicated.

3. On the example of solutions of calcium nitrate with a raw of amino acids (isoleucine, arginine, aspartic
acid, alanine, glycine), the principal possibility of ranking by their potentiometric titration curves is shown.
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4. Semiquantitative characteristics of the interaction of calcium ions and some amino acids, which can
indicate: a) the stability of the complexes formed; b) their lability, are established.
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O.A. T'omoBanoBa, M.A. TomameBckui

IHoTeHMOMeETPIIiK TUTPJIEY aPKbLIbI AMUH KbIIIKbLIIAPbI MEH
KaJIbLUIl MOHIAPBIHBIH 632Pa iC-KMMbLJI CUIIATBIH KYPY

Makanasa HOTEHIMOMETPIIIK TUTPJIEY HETi3iHAe aJaM ar3achbIHAArbl OMOXMMISUIBIK YpJicTepre KaThICaThIH
Kanbumii oHmapsl (Ca®') sxoHe amuH KbImKbuaapbiHelH (AC) e3apa opeKeTTecy epeKuIeNmikTepi Kapac-
ThIpbIIIEL. «Ca’’ — AC» xyiieciHae maiina GOTATHIH KEIIeH CHIIATh TEOPHSIBIK TYPFBINA Kbl HATPATHI
nsoseituun (Lne), aprunun (Arg), acnaparus Keiukbuibl (Asn), runud (Gly), ananun (Ala) Kocnanapsl Mbl-
casnbiaza 3epTrenai. Kemen biaplpayblHa CENTECETiH TUTPICY MApTTTaphl Tauaanapl. OnapaslH HOTIKeIepi
Goiibiama 3eprrenin orsipran AC men Ca’’ e3apa opekerTecyiHiH sKapThUIail CAHIBIK CHIIATTAPHI AJIbIHJIBL
AMUFH KBIIIKBUTBI MOJIeKyJackiHga kapookcmnai Tonrap —COOH sxene asor kypayms! TonTap (acipece NH,
TOOBIHBIH (-)KaFIaibIHaFbl) CaHbI JKOFApJIaraH CalblH KelIeH TYPAKTHUIBIFB apTaTBHIHBI, al MOJEKYJIaHBIH
KOMIpPTeK KaHKACBIHBIH Y3bIHABIFBI apTKaH CAibIH JKoHE KoJIeMIi OpPBIHOACYIIBUIAPABIH Maiiga 0oIysIHaH —
a3asThIHABIFEl  Oenrini Gomapl. CoHpal-ak O jkaHa KOPCETKIIUTepiH eHri3y Heri3iHae KOMIUIEKCTep
TYPaKCHI3ABIFBIHBIH CAJBICTBIPMAIIBI KOpCceTKimTepi Oenrini 60s1ap1. OIapabpiH KO3ybl TYPaKChI3AbIFbIHA Oaii-
nansictsl Ca®* men 8(Ca?" — Asp) < §(Ca®" — Ile) < §(Ca®" — Ala) < §(Ca’ — Arg) < 8(Ca’" — Gly) kemenzaepi
OCBI TOPTIIN OOMBIHIIA TI30SKTENTreH.

Kinm cesdep: KEHICHACP, aMWH KbIIIKbUIAAPHI, 6I/IOOpFaHI/IKaHI)IK Jmrabarap, HOTCHHHOMeTpHiK TUTPIICY,
MOACIBACY, TYPAKTBUIBIK, KaHBHHﬁ, KO3FBIITHIK, TYPAKCBI3JIbIK.

O.A. T'omoBanoBa, U.A. TomameBckui

YcraHoBJIeHHE XapaKTepa B3aUMOJACHCTBHS HOHOB KaJIbIUA
¢ AMHHOKHMCJIOTAMH € IOMOLUBI0 MOTEHIIMOMETPUYECKOI0 TUTPOBAHUSA

B craTbe Ha OCHOBE IOTCHIIMOMETPHYECKOTO TUTPOBAHHS YCTAHOBICHBI OCOOCHHOCTH B3aUMOAEHCTBUS HO-
HoB Kanbius (Ca®") ¢ amunokncnotamu (AC), KOTOpBIC YYAaCTBYIOT B GHOXMMHUYCCKHX MPOLECCAX B Opra-
HH3ME UeIoBeKa. XapaKTepHCTHKH KOMIUIEKCOB, obpasyomuxcs B cucTeMe «Ca’>’ — AC», TeOpeTHUecKH
H3yJaloTCsl Ha MpUMepe cMecell HuTpara Kambius ¢ usoneiinunoM (Ile), apruannom (Arg), acnaparuHoBoi
xucnotoit (Asn), rmumuHoM (Gly), ananunom (Ala). BeiOpaHs! ycitoBuSI THTPOBaHUS, IPH KOTOPBIX IIPOUCXO-
JUT paspynieHre koMiuiekca. [1o ux pesynpraTam ObUIM yCTaHOBIJICHBI TOTYKOINYECTBEHHBIE XapaKTEePUCTH-
Kk B3aumozeiicteus Ca’’ i m3yuaemprx AC. BbUIO [OKA3aHO, 4TO CTAGHIBHOCTD KOMIUIEKCOB BO3PACTAET C
YBEJIMUCHHEM B MOJIEKYJIe aMHUHOKHCIOTHI Ynciia kKapookcunbHbIX rpynn —COOH u a3orconeprkamux rpymm
(ocobenno rpynmnsl NH; B 0-1107105KEHHH), & ¢ YBEIUYESHHEM JUIHHBI YTIIEPOAHOTO CKENeTa MOJICKYJIbI U MOSB-
JeHneM oObeMHBIX 3aMecTHTeNei — yMeHblaeTcs. KpoMe Toro, Ha OCHOBE BBE/ICHHSI HOBBIX KPHTEPHUEB O
YCTaHOBJICHbI CPaBHUTEIbHBIC OKA3aTENH JIAOMIBHOCTH KOMILIEKCOB. COracHO UX JIAOMIBHOCTH KOMILIEK-
cbl Ca?" ¢ 5THMH aMMHOKHCIOTAMH PACIIONOKEHBI B CIeAyromeM nopsuke: 5 (Ca>" — Asp) < § (Ca®" —Ile) <
<8 (Ca® - Ala) <3 (Ca*" — Arg) < & (Ca*" - Gly).

Knrouegwvie cnosa: KOMHJ’IeKCOO6paSOBaHI/Ie, AMHWHOKHCJIOTHI, 6HOOpI‘aHH‘IeCKHe JIMTra”dJbl, MOTCHIIUOMETPHU-
YECKOEC TUTPOBAHUEC, MOJICIIMPOBAHUE, KOHCTAHTBI yCTOﬁ‘IHBOCTH, KaIIBHHﬁ, JIAOWJILHOCTb.
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Processing of hydrogel isotermic data
on the base of polymethyl vinyl ether of maleic acid cross linked
with polypropylene glycol under thermogravimetric data

Comparative kinetic analysis by NPK method

Analysis of different computational methods for kinetic parameters of hydrogel thermal degradation on the
base of polymethyl vinyl ether of maleic acid cross linked with polypropylene glycol under thermo-
gravimetric data is presented. Researches were made in a nitrogen and air atmosphere at different heating
rates: 6, 10, 12 and 16 K/min. It was demonstrated that it makes sense to apply approaches of Friedman,
Ozawa-Flynn-Wall, related to group of isoconversion methods. Obtained data indicate decentish coincidence
between values of activation energy obtained by different methods. To get complete kinetic analysis, it is
necessary to process data applying the method of non-parametric kinetics. Non-parametric kinetics method
(NPK) is a special approach for processing of kinetic data. Method is a new viewpoint to kinetic analysis,
which is based upon rounding of results of single-stage process kinetics. Experimental values of response
time are located in the matrix, which is expressed as multiplication of two vectors, containing the information

on f(7T) and g(a).

Keywords: dynamic thermogravimetry, thermal analysis, thermal destruction, hydrogel.

Introduction

Using the method of differential thermal analysis, we can identify such important parameters of poly-
mers as phase transitions, radiation damages in polymeric materials, the heat of absorption and polymeriza-
tion of the cross-linking, oxygenation and decomposition processes, concentration of the registered compo-
nents of impurities etc [1].

High accuracy and sensitivity of the differential scanning calorimeter allow us to determine phase tran-
sitions of oxygenation and decomposition processes and etc., when we use samples of high-molecular com-
position which masses are equal to a few milligrams [2]. Of course, that the determination of kinetic parame-
ters of decomposition reactions of polymers in isothermal conditions gives more accurate and valid results,
but this method is labor consuming and requires considerable time and the use of large number of samples.

Goal of this work is to study and compose the academic kinetic model of hydrogel thermal decomposi-
tion on the basis of polymethyl vinyl ether of maleic acid cross linked with polypropylene glycol by non-
linear regression of thermo gravimetric analysis (TGA) isothermal curves.

Experimental
Poly(methyl-vinyl-co-maleic acid) or polymethylvinyl maleic acid ether (PMVE-MA) was obtained by
hydrolysis polymethylvinyl ether of maleic anhydride (PMVE-MAH):

OCH, OCH,

90°C

e} n

OH OH

Process was held on assembly of round-bottomed flask with volume of 100 ml and backflow condenser.
Base mixture was prepared of 0.6500 g of PMVE-MAH and 20 ml of distilled water. Hydrolysis was carried
at the temperature of 90 °C during 2 hours. Gradually water solution of polypropylene glycol (PPG) was
added to generated polymethylvinyl maleic acid ether (PMVE-MA) up to obtaining of homogenic mixture.
Excess water was drained with rotary evaporator. Reaction mixture was firmed for 24 hours at 80 °C. In the
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result of etherification reaction between polymethylvinyl maleic acid ether and polypropylene glycol gel
PMVE-MA with PPG was formed:

OCH3

OCHs
o) OJn

Ho\r{, \/'q\ OH 80°C_ OH

o

OH OH CHs CH3 Hac\l/l' \/I\]\
CHg'm

OCHs n

Study of hydrogel thermal properties was made with differential scanning calorimeter Labsys Evolution
DTA/DSC of «Setaramy» brand in dynamic regime with temperature range of 0—500 °C with heating rate of 6,
10, 12 1 16 K/min in atmosphere of air and nitrogen in melter AL,Os.

All these calculations were performed with the use of the program MATLAB.

Results and discussion

Active substances were obtained by TGA analysis at heating rates =6, 10, 12 and 16 K/min in a nitro-
gen and air atmosphere. Kinetic analysis was held, applying isoconversion methods of Friedman (FR) [3]
and Ozawa-Flynn-Wall (OFW) [4] for objective estimation of complex processes running parallel to thermal
destruction, non-parametric kinetics method (NPK) was applied [5].

Thermal analytical values of hydrogel PMVE-MA with PPG decomposition are represented with ther-
mal analytical curves TG (thermogravimetric), DTG (differential thermogravimetric) (Figs. 1, a and b). Ac-
cording to figures 1, a and b, thermal decomposition of examined hydrogel PMVE-MA with PPG in a nitro-
gen atmosphere appears at the temperature of 265-335 °C with peak DTG=304 °C, and in air atmosphere at
347-443 °C with peak DTG=405 °C.
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a — in a nitrogen atmosphere; b — in air
Figure 1. The TG and DTG curves of the sample at a heating rate of 10 K/min

At temperature of 100-110 °C weight loss in all samples amounts 5—10 %, which corresponds to the
first decomposition process. Analysis of DTG curves (Figure 1, a, b) showed that desorbtion of associated
water takes place up to temperature of 150 °C. This fact may be explained by obstructivity of hydrogen
bonds abruption between water molecules and polar function groups of gel PMVE-MA with PPG.

Second decomposition process includes the destruction of gel and reason of selected kinetic analysis.
Isoconversion method is one of the methods for definition of activation energy; this method does not require
knowledge on analytical form of conversion function, and gives the possibility to define the activation ener-
gy against conversion degree as well.
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Application of abovementioned models allowed defining of thermodynamic parameters of thermal de-
composition of hydrogel PMVE-MA with PPG graphically at different heating rates and conversion levels
(Fig. 2, table 1, a and b). Significant dependence of change of activation energy on transformation level
should be mentioned (Fig. 2, a). This fact indicates that decomposition process of hydrogel PMVE-MA with
PPG happens according to more than one process. In this case it is necessary to apply another kinetic method of
research, more developed in the attempt to define and separate these processes, still unknown as Figure 2, b.

-3.0 1
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0.9 605 0.2
. 0.80-706 . 0.4 0.1 (b)
0.01
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041 ' 5
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Figure 2. Graphic results of analysis, defined by methods of Friedman (a),
Ozawa-Flynn-Wall (b) for hydrogel PMVE-MA with PPG

Attained values of dependence of activation energy on conversion level corresponds the second decom-
position process and are shown in Table 1.

Table 1
Thermodynamic parameters of thermal decomposition of PMVE-MA with PPG,
calculated with methods of Friedman (FR) and Ozawa-Flynn-Wall (OFW)
a) in nitrogen atmosphere
Friedman method Ozawa—Flynn—Wall method
* E,, kJ/mol 3ie, In 4x10°, min” r E,, kJ/mol 3e) In 4x10°, min™' r
0.1 60.70 0.02 13.06 0.99 66.20 0.02 13.15 0.99
0.2 60.45 0.01 11.61 0.96 66.95 0.12 12.20 0.96
0.3 70.05 0.02 8.87 0.98 77.05 0.02 8.16 0.98
0.4 79.21 0.14 9.59 0.97 76.20 0.18 6.88 0.97
0.5 68.53 0.02 7.08 0.99 64.05 0.12 8.37 0.99
0.6 81.15 0.11 4.71 0.98 99.15 0.01 5.00 0.98
0.7 76.35 0.05 3.70 0.99 84.35 0.02 3.99 0.99
0.8 87.95 0.12 2.65 0.98 87.95 0.11 2.94 0.98
0.9 93.55 0.05 1.64 0.99 93.55 0.10 1.21 0.99
b) in air atmosphere
Friedman method Ozawa—Flynn—Wall method
* E,, kJ/mol 3ie, In 4x10°, min” r E,, kJ/mol 3ie) In 4x10°, min™' r
0.1 66.32 0.02 14.66 0.99 61.32 0.02 15.71 0.99
0.2 72.27 0.16 13.11 0.96 72.27 0.12 12.29 0.96
0.3 77.12 0.02 11.27 0.98 77.12 0.02 10.17 0.98
0.4 72.77 0.17 8.99 0.97 72.77 0.18 9.12 0.97
0.5 78.87 0.02 9.48 0.99 78.87 0.12 6.10 0.99
0.6 77.77 0.90 6.11 0.98 79.77 0.01 7.09 0.98
0.7 89.97 0.02 5.10 0.99 89.97 0.02 2.11 0.99
0.8 97.77 0.10 2.05 0.98 97.77 0.11 4.23 0.98
0.9 106.52 0.02 1.00 0.99 106.52 0.10 241 0.99
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Use of definite value, defined for activation energy in estimation of thermal stability is risky. Even if
standard deviation of values §, increases 10 % of average value for each composition, it would be logic to
avoid the comparison of quantitative values applying modeless values only.

Processing of TG data applying modified NPK method

Non-parametric kinetics method (NPK) [6—8] of Serra, Nomen and Sempere is based upon the sugges-
tion that reaction velocity may be expresses as multiplication of two independent functions, g(a) and f(7).
Reaction model g(a) considers the dependence of conversion degree, and f(7) considers the temperature de-
pendence. Reaction velocity Bdo/dT is measured by several experiments at different heating rates, B, was
interpolated as the surface in 3D (Bdo/dT, a, T). This surface is organized as matrix i%j where the lines corre-
spond to different conversion degrees, from o, to a; and columns correspond to different temperatures from
T to T;. Elements i, j of matrix 4, after 4; ; = g(o,)f (T;). Functions g(a) and f(7) may be sampled and ex-
pressed as vector columns, u, and v,, respectively, where elements and sampled values of function g(a)) and

(.

u0={g((x1) g((xz)...g((xl.)}; (1)
vo ={A (1) £(T,)..0(T )} 2)

Reaction speed may be expressed in the form of matrix as follows:
A=u,vy. 3)

NPK method applied the algorithm of single value decomposition (SVD) for decomposition of matrix 4
into two vectors uy and vy. These vectors may be further analyzed by check of attained graphs of velocity
dependence on a (to define the kinetic model) and velocity dependence on temperature (to define Arrhenius
parameters). Vector u, is defined by first column of matrix U and v, from the first column of matrix V,
where:

A=U(diag. s)V" 4)
and s is the vector of singular value.

Under values o, Bda/dT and T taken from data attained by TG, DTG methods, reaction velocity surface
was attained in coordinate space (o, 7 and B(da/dT)) (Fig. 3).

Figure 3. Surface of hydrogel PMVE-MA with PPG in coordinate space:
dependence of reaction velocity (do/dT) on temperature (7) and conversion degree (o)

After application of algorithm of single value decomposition (SVD), matrix 4 is a vector s with two
significant values. In this case matrix A4 is a sum total of the following:

A=A +A,=u V' +u,v’. 5)
This means that there are two elementary processes in decomposition level, and discrimination between
them is possible by values of explained variance) A, and A, (A,+A ,=100%).

Vectors u, and u, were checked against the equation of Sestak-Berggren [9] (Fig. 4)
g(oc):(xm(l—oc)n[—ln(l—oc)}p (6)
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and vectors v, and v,, against the equation of Arrhenius, respectively (Fig. 5). Results of kinetic analysis

are shown in Table 2.

1.8+ 3.6
(a) (b)
1.9 2.4
2.0 1.2
2.1 0.0
~ N
S S
2.2 1.2
2.3 2.4+
2.4+ 3.6
_25 T T T T 1 '48 T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
o o
a — main process; b — secondary process
Figure 4. Simulated and determined values of the normalized vectors u for sample PMVE-MA with PPG
2.0 0.15-
(a) . (b)
21 0.10
0.05
2.2 N ]
P P
o o) 0.00-
O e}
= 2.3 -
-0.05
247 -0.10 1
_25 T T T T T 1 015 T T T T T 1
1.7 1.8 1.9 2.0 2.1 22 2.3 1.7 1.8 1.9 2.0 2.1 22 23
1000/T, K 1000/T, K
a — main process; b — secondary process
Figure 5. Linearized Arrhenius equation (In v vs. 1000/7)
Table 2
Kinetic parameters of thermal decomposition of hydrogel PMVE-MA with PPG
calculated by method of non-parametric kinetics (NPK)
Sestak-Berggren .
Sample A,% | E,, kJ/mol A,s" n m om , LAE,
g(a)=a"(1-a) kJ/mol
in a nitrogen atmosphere
1 57.8 59.56 0.06x10° | 4/5 | 1/3 (1-o) -0 99 47
PMVE-MA | 2 | 422 92.23 642x10° | - | 2 o’ '
with PPG in air
1 62.1 60.38 0.12x 10° 4/5 | 1/3 (1-o) **-a'” 115.15
2 | 379 108.07 441x10° | - | 2 o '
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Values of explained variance make clear that sample, decomposed by us, is met in separate processes
(2,=50 %) and this is related to the lower level of thermal stability (minimum value of activation energy). In
comparison with II stage, it represents the significant process of thermal decomposition.

Overrun of this process to TG curve is definitely caused by kinetic influence (of value E,). Parameter
n=4/5 (eq. (6) and table 2) denotes the decomposition of condensed phase, weight loss=75 % on TG curve.
These data correspond to the decomposition after melting of combinations. Values, m = 1/3 may be condi-
tioned by diffusion influence on kinetic law.

Conclusions

Thus, to calculate the kinetic parameters of thermal destruction of PMVE-MA with PPG isoconversion
models of Friedman, Ozawa-Flynn-Wall may be applied, which proved themselves at thermal analysis of
non-organic compositions. Value of kinetic model parameters calculated applying these models, are true
enough. However, to our opinion, the most appropriate model is the non-parametric kinetics method, as the
advantage of this method of analysis is in the fact that calculation result does not depend on type of kinetic
equation g(a).
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A. K. CapcenbekoBa, A.l. XanutoBa, A.A. [llaxabaeBa

TepMorpaBuMeTpusi HITH:KeJIePi OOHBIHIA MOJTUNPONUIEHITTHKOIbMEH
TirlireH nNoJIMMeTHWIBEeHW I (prpMajieMH KbIIIKbLIbI HETi3iHaeri rugporeibaiH
U30TEPMHUSJIBIK KOPCETKIIITEPIH OH/IEY

HEK aaici 00HMbIHIIA CAJTBICTHIPMAJIbI KHHETHKAJIBIK TAJAAY

JIMHAMUKAJbIK TEPMOTPaBUMETPHUS HOTIDKENepl OOWBIHINA IOJIHIPONIICHIINKOIBMEH TITUITEH IIOJH-
METHIBHHHI 3GHUp MaJIeMH KbILIKbUIBI HETi31HACr] TMIPOTeNbIIH TEPMOAECTPYKIMACHIHBIH KHHETHUKAJIBIK
KOPCETKILITEpiH eCenTeydiH SpTYPJi SAiCTepi KedTipiareH. 3epTTey a30T HmeH aya aTMocdepachiHaa KbI3y
JKBULIAMIBIFBl SPTYPIi JkaFmaiima skyprizinmi: 6, 10, 12 sxome 16 K/mun. Bepinren comomumep yurix
M30KOHBEPCHOH[bI 9fic TOObIHA xaTaThlH Ppuaman, DnunHH-O3aB-YOII 9IiCTEpiH KOJIAHY aHAFYpJIbIM
MaKcaTThl opeker ereni. KepiHreH HoTwkelep OpTYpii oficIeH aiblHFaH OeJICeHIl DHEprus
KOPCETKIIITepiHiH coliKkec KelyiH aHBIK KepceTedi. TONBIK KHHETHKAIBIK TaJIAay YIIIH IapaMeTpiiik emMec
(ITEK), kuHeTHKaNBIK oIIiCTi KOJIIaHa OTBIPBHII 3epTTey HoTIKeNepiH eHuey kepek. ITEK knmHeTHKaibIK
JIEPEKTEep/Il EpeKIie OHJICY TOCUIIH Kepceremi. byn omic KHHETHMKANBIK Taljayasl Oacka IKarbIHAaH
CHIIATTal/ibl, SIFHA OJ Oip CTAaAMSUIBIK YACPICTIH HOTWXKENEpiH NeHreJeKTeyiHe HerizaenreH. Peaxuws
JKBULIAMIBIFBIHBIH  OKCIIEPUMEHTAIIbl MaFbIHACKI MaTpuuaza opHanackad, oi f(7) xone g(o) Typaib
aKrapaTTaH TYPAThIH €Ki BEKTOP/bIH TYBIHBICBIMEH CUIIATTaJ bl

Kinm ce30ep: nMHaMHKaNbIK TEPMOTPaBUMETPUSI, TEPMUSIIBIK TaJlay, TEPMOAECTPYKIIMS, THAPOTENb.
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O0paboTKa H30TEPMUUYECKHUX JAHHBIX THAPOrejisi HA 0OCHOBE
MOJMMETHJIBUHIIOBOT0 3(pupa MaJIEHHOBOM KHCJIOTHI,
CIIMTOTrO MOJUNPONNJIEHIJINKOJIEM M0 JaHHBIM TEPMOTPABUMETPUU

CpaBHuTe/IbHbIH KMHeTHYecKkHid aHau3 meToaom HIIK

B crarbe npencraBieH aHanu3 pa3aM4YHBIX METOJOB pacueTa KHHETUYECKUX I1apaMeTpOB TEPMOJECCTPYKIIUU
THApOTeNss HAa OCHOBE IOJMMETHJIBHHHIJIOBOTO 3(Hpa MaJeHHOBOH KHCIOTHI, CIIMTOTO MHOJNUIIPOIMICH-
TJIMKOJIEM TI0 JJAHHBIM JMHAMHYECKOH TepMorpaBuMeTpuu. ViccnenoBanus ObUTH IPOM3BENEHEI B aTMOCchepe
a30Ta U BO3/yXa IIPH Pa3INIHBIX CKOpoCcTsIX Harpesa: 6, 10, 12 u 16 K/mun. [TokazaHo, 9To Ul JaHHOTO CO-
nonuMepa Haubosee 1enecoodpa3Ho HCIoNb30BaTh MeToaAbl Ppuamana, GaunH-O3aBa-Yonna, OTHOCAIUECS
K IpyIIe H30KOHBEPCHOHHBIX METONOB. Pe3ynpTaThl yKa3pIBalOT Ha JOCTATOYHO XOPOIIEE COBMAACHUE MEX-
Iy 3Ha4EHUSMH SHEPIUU aKTUBAIUHU, MTOJYYEHHBIX Pa3HBIMU MeToAaMH. Jlist osydeHns: ONHOTO KMHETHYe-
CKOro aHanu3a HeoOxoJauMa o0paboTKa JaHHBIX C MCIOJIB30BAaHUEM METOJA HEMapaMeTPHUUECKOH KHMHETHUKH
(HIIK). Meton HIIK npenctasisier coboii 0coOblii moaxox i 00paboTKM KMHETUYECKUX JaHHBIX, a TAKKe
HOBYIO TOYKY 3pEHHS Ha KHHETHYECKHH aHaJIM3, KOTOPHIH OCHOBAH HA OKPYIJICHUH PE3yIbTaTOB KHHETHKH
OJHOCTaJUHHOrO Ipolecca. DKCIEPUMEHTAIbHbIC 3HAUYCHHUs CKOPOCTU PEaKLUi pacloIOKEHbl B MaTpHLE,
KOTOpast BBIpakaeTcs Kak POU3BEICHUE ABYX BEKTOPOB, cojeprkammx napopmanuio o [ (7) u g(a).

Kniouesvie crosa: JAUHaMUYCCKasl TEpMOIrpaBUMETPUs, TepMI/I‘{eCKI/Iﬁ aHaJIn3, TCPMOACCTPYKIIUA, TUAPOICIb.
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Development of drilling muds based on anionic and nonionic polysaccharides

The present article is devoted to development of new drilling muds based on anionic (gellan, xanthan) and
nonionic (starch) polysaccharides. The results of DSC and viscometric and rheological measurements of
gellan, mixtures of gellan — xanthan and gellan-corn starch in absence and presence of NaCl, KCl, MgCl,,
CaCl, and bentonite are presented. The influence of temperature, pH medium, concentration of polysaccha-
rides and salts on the rheological characteristics and conformational transitions of gellan, gellan-xanthan and
gellan-starch mixtures was studied. The rheological behavior of 0.2—1.0 wt.% gellan solutions at various tem-
perature, pH medium and content of NaCl, KCl, MgCl,, CaCl, and bentonite is well described by Ostwald—de
Waele and Herschel-Bulkley equations. The coil-helix conformation and sol-gel phase transitions of gellan
induced by temperature, salt addition, and pH are key factors to design of drilling muds. Model experiments
show that the gellan in combination with xanthan and starch are effective agents to stabilize borehole walls
and isolate water inflow. Effective drilling muds based on gellan-starch and gellan-xanthan-starch mixtures in
the presence of bentonite and KCl were obtained. The formulated recipes can be used for drilling of wells at
unfavorable geological conditions.

Key words: colloids, drilling muds, gellan, interpolymer complexes, viscosity.

Introduction

Low acyl gellan (LAG) which is produced by the bacterium Pseudomonas elodea consists of a
tetrasaccharide repeating unit of D-glucose, D-glucuronic acid, D-glucose, and L-rhamnose [1, 2]. The re-
view of Morris et al. [3] comprehensively considers the structure, rheology, gelation, topology, and applica-
tion aspects of LAG. The coil-helix conformational and sol-gel phase transitions of LAG gums induced by
temperature, salt addition, pH change and etc. were the main subject of many studies [4, 5].

It is commonly accepted [1; 2; 6] that LAG gum exhibits a conformational change from the disordered
state (single chain) to the ordered state (double helix) induced by temperature decrease, while the gelation is
considered to be mediated by the double-helix formation and the association of such helices, which is en-
hanced in the presence of mono- and divalent alkaline and alkaline earth cations [7, 8]. The main difference
between the monovalent and divalent cations is that the monovalent cations shield the electrostatic repulsion
between the -COO™ while the divalent cations rather suppress electrostatic repulsion and form interchain ion-
ic bonds with carboxylic groups of the glucuronic acid units resulting in the aggregation of the double heli-
ces [9].

The sol-gel technology is an effective tool to design materials with unique chemical, physical and me-
chanical properties. Transformation from sol to gel state proceeds with increasing of either concentration of
disperse phase or under the action of external factors (concentration of polymer, temperature, time, pH me-
dium, ionic strength etc.).

Natural polysaccharides like starch, carboxymethyl cellulose, xanthan and others are widely used in
formulation of low-clay-content and clay-free polymer drilling fluid for drilling of vertical and lateral wells
[10-12]. However, the high price, low thermal and microbiological stability significantly limit the applica-
tion of polysaccharides for drilling muds [10].

Earlier [13—15] we have demonstrated for the first time that the LAG solution can be successfully used
for enhanced oil recovery. The remarkable property of LAG was plugging of high drainage channels in oil
TEServoirs.

The idea of using LAG as key component of drilling muds is based on its ability to undergo the con-
formational and phase transitions under the influence of temperature, low molecular salt additives, and pH
medium. This should ensure the effective capacity of LAG containing solutions to strength the walls of the
well by forming polymer-clay filter cake, to control the adsorption of water and clean the down hole from
cuttings.

In the present paper the viscometric, rheological, conformational and phase behavior of LAG and LAG-
xanthan mixtures at various concentrations of polysaccharides, salt content, temperature and pH are investi-
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gated. Based on these studies novel LAG-containing drilling muds with good rheological, filtration and cake-
formational characteristics have been developed.

Experimental part

Materials

LAG is an anionic extracellular bacterial polysaccharide discovered in 1978 [8]. It consists of repeated
tetrasaccharide units: 1,3-linked B-D-glucose, 1,4-linked B-D-glucoronic acid, 1,4-linked B-D-glucose, and
1,4-linked a-L-rhamnose.

Xanthan gum is also a microbial exopolysaccharide produced by bacterium Xanthomonas campestis
[16, 17]. It consists of repeated pentasaccharide units composed of two D-glucopyranosyl units, two
mannopyrasonyl units and D-glucopyranosyluronic acid in the molar ratio 2.8:2.0:2.0

Corn starch is commercial product was purchased from «Jarkent corn-molasses plant» (Almaty region,
Kazakhstan). Structural formula of corn starch is shown in [18].

Low molecular weight salts: NaCl, KCI, CaCl, MgCl, and bentonite (Na, Ca)y;(Al,
Mg),Si,0,¢(OH), nH,0 purchased from JSC «Reactiv», Russia, were used without further purification.

Methods

The viscosity of aqueous LAG solutions was measured by Ubbelohde viscometer at 254+0.1 °C. The
rheological behavior of polysaccharide solutions was monitored with the help of Rheolab QC, Anton Paar
(Austria). The approximation of results was performed by Ostwald—de Waele and Herschel-Bulkley models
to find the rheological and conformational characteristics (shear stress — 1Ty, plastic viscosity — M, con-
sistency index — K and nonlinearity factor — n). The DSC and dDSC characteristics of samples were de-
termined with the help of DSC Eva Setaram (France). Static shear stress (SSS) measurement was performed
by means of the instrument SNS-2 (Russian Federation) [10; 19]. Water yield of the drilling muds (WY) was
determined by VM-6 instrument (Russian Federation) [19]. The thickness of the filter cake (3) was measured
by the instrument WIKA IV-2 (Russian Federation).

Result and discursion

Thermal and storage stability of LAG [20]

Figure 1 represents the DSC and dDSC curves of LAG within temperature range from —30 to 300 °C.
DSC curve shows the endothermic peak at 95 °C with melting enthalpy —264.5 J-g™'. The second endother-
mic peak at 251.1 °C corresponds to LAG decomposition temperature — LAG enthalpy of which is equal to
98.99 J-g'. Thus, LAG is thermally stable polysaccharide, which in solid state melts within the temperature
interval at 31-178 °C.
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Figure 1. The results of DSC and dDSC analysis Figure 2. The intrinsic viscosity of LAG solutions
of LAG versus storage time pH = 6.4; T =25 °C

One of the main requirements to drilling muds is the stability of rheological characteristics versus time.
Especially it concerns to polysaccharides, which are able to undergo biodegradation [11, 12,19]. In this re-
gard, the viscosity of LAG solutions was studied as a function of storage time. As seen from Figure 2 the
viscosity of LAG in concentration range of 0.2-0.5 wt.% decreases up to 15-18 % after 4 days, while the
further slightly changes of the viscosity (during the following 30 days) are within the limits of experimental
error and may be considered as constant.
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Influence of pH medium on rheological behavior of LAG and LAG-xanthan solutions

Influence of pH on the rheological behavior of LAG was studied for 0.5 and 1 wt. % LAG solutions
(Fig. 3a). The maximal value of shear stress is registered at pH = 7.5. The subsequent increase of pH leads to
decrease of the shear stress due to increasing of the ionic strength of solution [20]. The shape of all flow
curves is characteristic for pseudoplastic fluid that is common for gel forming structures [21].

Flow curves of LAG-xanthan solutions (Fig. 3b) significantly differ from the flow curves of LAG. All
flow curves of LAG-xanthan solutions are located in the area of anomalously low shear stress. The average
ratio of the shear stress values for solutions of LAG and LAG-xanthan mixture (1:1) with the same shear rate
equal to 2.5. Besides the effect of ionic strength at pH above 7.5 is minimal or absent. Such anomaly behav-
ior of LAG-xanthan solutions is apparently caused by the formation of interpolymer complexes (IPC) be-
tween macromolecules of LAG and xanthan.

0 20 40 60 80 100 0O 20 40 60 8 100
v, 5€C" Y, sec™!

Figure 3. Shear stress versus shear rate curves of 1 wt.% LAG (a)
and LAG-xanthan (1:1) () solutions at different pH values; 7=25 °C

For detailed analysis of flow curves of LAG and LAG-xanthan solutions shear stress- shear rate de-
pendences were processed by Shvedov-Bingham (1), Ostwald-de Waele (2) and Herschel-Bulkley (3) equa-
tions [22]:

T=TotM XY, ey
T=Kx7} (2)
T=To+ KXY, 3)

where T — shear stress; Y — shear rate; 1) — yield point; K — consistency index; #» — nonlinearity factor.
Correlation coefficient R was used to match the curves with their corresponding models, R* in ideal case
should be equal to unity. The results are shown in Tables 1 and 2.

Table 1
The rheological characteristics of LAG and LAG-xanthan solutions at different pH,
1 wt.% total polysaccharide concentration and 25 °C
LAG/xanthan ' Rheo.logi'cal pargrpeters of Herschel—Bulkl'ey equatiop . _

pH weight ratio after 1 min of solution immobility ; after 10 min of solution immobility ;

To, Pa K, Pa-s n R 1o, Pa K, Pa-s n R
9.5 1/0 0 8.837 0.322 0.995 0 13.092 0.257 0.998
8.5 1/0 0 5414 0.414 0.996 0 13.173 0.262 0.998
7.5 1/0 0 11.309 0.322 0.999 0 17.5.49 0.253 0.998
6.5 1/0 0.223 0.009 1.138 0.987 0.127 0.158 0.911 0.797
9.5 1/1 0.823 5.821 0.219 0.996 1.973 6.13. 0.216 0.997
8.5 1/1 0.779 5.739 0.226 0.997 0.341 7.528 0.195 0.997
7.5 1/1 1.637 5.285 0.249 0.996 0.384 7.386 0.204 0.997
6.5 1/1 3.862 0.144 0.617 0.988 0 2.273 0.230 0.992
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Table 2
The rheological characteristics of LAG and LAG-xanthan solutions at different pH,
1 wt.% total polysaccharide concentration and 7=25 °C
LAG/xanthan . Rheolc?gicgl parar'n.eters of Ostwald—de Wagle’ equatiQn . _

pH weight ratio after 1 min of solution immobility , after 10 min of solution 1mm0b111t};

K, Pas n R K, Pa-s n R
9.5 1/0 5.654 0.411 0.968 7.241 0.367 0.970
8.5 1/0 4.605 0.448 0.991 7.420 0.368 0.970
7.5 1/0 7.50 0.394 0.988 11.359 0.330 0.984
6.5 1/0 0.053 0.768 0.982 0.012 0.983 0.708
9.5 1/1 6.642 0.201 0.996 8.072 0.179 0.996
8.5 1/1 6.513 0.208 0.996 7.873 0.189 0.996
7.5 1/1 9.851 0.102 0.875 7.769 0.197 0.997
6.5 1/1 2.944 0.161 0.972 1.234 0.336 0.969

As seen from Tables 1 and 2, the flow curves of LAG and LAG-xanthan solutions at pH 7.5, 8.5 and 9.5
are described in the best way by Herschel-Bulkley model, which takes into account the yield stress character-
istic of the gelling systems. At pH 6.5 the flow curves of LAG and LAG-xanthan solutions are poorly de-
scribed by the equations 1-3. The appearance of yield stress (T,) for flow curves of LAG solution at pH 6.5
and LAG-xanthan solution in the range of pH 6.5-9.5 confirms the gelation of the system [23]. This is prob-
ably due to participation of polysaccharides in complexation reaction. The difference in consistency index of
LAG and LAG-xanthan solutions after 1 and 10 minutes of immobility is indicated on the thixotropic behav-
ior of polysaccharide systems. Thixotropic phenomenon is more pronounced for LAG solutions, that is fa-
vorable for suspending of drilled cuttings [21].

Temperature dependent rheology of polysaccharides

Comprehensive information on the rheological properties of LAG, xanthan and LAG-xanthan mixture
as a function of temperature and salt content is necessary to predict the behavior of drilling muds. In this re-
gard, shear stress-shear rate dependences of polysaccharide solutions at different temperatures and salt con-
centrations were analyzed using the equations describing the flow curves of Newtonian and non-Newtonian
fluids.

The shear stress-shear rate curves of 0.5 wt.% LAG solution registered at temperature interval between
25 and 55 °C show the pseudoplastic behavior (Fig. 4a). Newtonian flow of LAG solution is observed at 60—
70 °C. Step-by-step transformation of LAG solution from pseudoplastic behavior to Newtonian may be ex-
plained by «melting» of double stranded structure of LAG and formation of LAG macromolecules in random
coil conformation at higher temperature [3].

20 47 14} 20
g

Figure 4. The shear stress-shear rate curves of 0.5 wt.% LAG (a), xanthan (b)
and LAG-xanthan (2:1) (¢) solutions at the interval of temperature 25-70 °C

In the temperature range 25+40 °C the 0.5 % xanthan solutions are typically viscoelastic fluids. At the
interval of 40+65 °C the gradual transition from viscoelastic flow to pseudoplastic flow is observed. The
mixture of LAG-xanthan throughout the temperature range behaves like a pseudoplastic fluid, further having
a yield stress at <50 °C. Such behavior 0.5 % solution of LAG-xanthan mixture (2:1) is probably due to
formation of IPC.
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Influence of salts on rheological behavior and gel formation of polysaccharides [20]

Oilfield water may participate in the formation of a filter cake on the surface of the borehole wall con-
tacting with drilling fluid. This process may occur even in the case of clay-free drilling muds by the hydrogel
formation of a filter cake on the well surface. This is particularly actual in the conditions of high permeabil-
ity and fracturing the rock [21].

The viscometric measurements were performed with 0.2 wt.% LAG solution because the reduced vis-
cosity of 0.5 wt.% LAG is extremely high and difficult to measure. Dependence of the reduced viscosity of
0.2 wt.% LAG on the ionic strength of the solution adjusted by addition of BaCl,, CaCl,, MgCl, and oilfield
water with the salinity 73 g-L"' is shown in Figure 5. According to viscometric data the effectiveness of salts
to enhance gelation changes in the following order: BaCl, > CaCl, = MgCl, > oilfield water. This order is in
good agreement with the results found for LAG by the authors [24].
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Figure 5. Dependence of reduced viscosity of 0.2 wt.% LAG on the ionic strength of the solution
adjusted by addition of oilfield water with the salinity 73 g-L'1 (1), CaCl, (2), BaCl, (3), MgCl, (4).
Arrows show the start of the gelation process. Temperature is 25 °C

Dependences of shear stress versus shear rate for LAG and LAG-xanthan solutions in the presence of
NaCl, KCl, CaCl,, MgCl, and oilfield water are shown in Figure 6. Increasing of shear stress as a function of
shear rate follows by the order: Oilfield water > CaCl, > MgCl, > KCI > NaCl (Fig. 6a).

a)

Figure 6. The shear stress-shear rate curves of 0.5 wt.% LAG (a) and 0.5 wt.% LAG-xanthan (2:1) solutions (b) at the
ionic strength p = 0.01 adjusted by addition of NaCl (1), KCI (2), MgCl, (3), CaCl, (4) and oilfield water (5)

This sequence is in good agreement with the effectiveness of salts to enhance LAG gelation. It is seen
that the effect of oilfield water is more substantial compared to solutions of individual salts. This may be due
to combined effect of alkaline and alkaline earth metal ions with respect to coil-helix conformation of LAG.
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In case of LAG-xanthan (2:1) mixture, the shear stress increases in the sequence: CaCl, > KCI > NaCl >
> MgCl, (Fig. 6b). Changes in the rheological behavior of solutions during the transition from a LAG to
LAG-xanthan mixture (decrease values Ty, the transition from viscoelastic to the pseudoplastic flow), are
apparently due to the formation of ternary complexes such as LAG-xanthan-Me” "

Influence of dispersed phase on the rheological behavior of LAG solutions [20]

Evaluation of the influence of bentonite on rheological characteristics of LAG solution is necessary for
simulation of drilling mud ability to carry up the cuttings from the bottom hole of the well to the surface. In-
fluence of dispersed phase on the rheological and conformational characteristics of 0.5 wt.% LAG solutions
in the presence of bentonite was studied by rotational viscometry. The obtained results are summarized in
Table 3. The values of correlation coefficient (R”) show, that the model of Ostwald-de Waele good describes
the rheological behavior of LAG solution and the colloid-dispersed systems LAG-bentonite excepting for 8
wt.% of bentonite concentration.

Table 3
Rheological parameters of 0.5 wt.% LAG solutions in the presence of bentonite at 25 °C
Rheological parameters of Ostwald—de Waele equation
Chentonites 70 pH after 1 min of solution immobility after 10 min of solution immobility
K, Pas n R K, Pa-s n R
0 6.34 0.371 0.829 0.958 0.43 0.739 0.968
2 9.94 8.038 0.243 0.997 9.69 0.242 0.999
4 9.97 9.754 0.218 0.992 11.36 0.263 0.986
6 10.01 10.781 0.288 0.989 12.38 0.247 0.964
8 10.05 11.445 0.298 0.972 9.50 0.192 0.693

Rheological parameters of LAG/xanthan mixture were determined in presence of bentonite and KCl. As
seen from Table 4, the rheological behavior of disperse systems obeys Ostwald-de-Waale’ equation. The op-
timal values of K and n were obtained for the rations 1/1, 1/2 and 1/4. For the compositions 1/0, 2/1 and 4/1
the value of n>0.3, this worsens the flowing properties of the solutions [21].

Table 4

Rheological parameters of 0.5 wt.% LAG-xanthan mixtures
in the presence of 1,5 wt.% bentonite and 1 wt.% KCI at 25 °C

Rheological parameters of Ostwald—de Waele’ equation
LAG/xanthan pH after 1 min of solution immobility after 10 min of solution immobility
weight ratio
K, Pa‘s n R’ K, Pa‘s n R’
1/0 9.9 4.482 0.238 0.968 3.273 0.322 0.960
1/1 9.2 2.780 0.268 0.978 3.293 0.226 0.994
1/2 9.7 2.731 0.235 0.998 1.779 0.499 0.978
1/4 9.1 3.123 0.206 0.994 3.719 0.161 0.986
2/1 9.2 2.301 0.335 0.830 2.303 0.279 0.887
4/1 9.1 1.357 0.344 0.949 1.539 0.331 0.958

Properties of Drilling Muds

On the basis of obtained results several drilling formulations were prepared by selecting the different
concentration and composition of polysaccharides with and without addition of bentonite and/or KCl. The
structural-mechanical, filtration and filter cake forming properties of these compositions are summarized in
Table 5.
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Table 5
Characteristics of drilling muds obtained on the basis of polysaccharides, bentonite and KCl
Composition of DM* wt.% Characteristics of DM
DM LAG | Starch | Xanthan | Bentonite KC1 pH |p, g sm’ Neel> S€C | WY, sm’ 4, mm SSS (11/535510
1 0.4 3 0 1 3 10 1.04 41 4 0.2 2.7/3.3
2 0.4 3 0 2 1 10.1 1.04 40 3 0.4 3.1/4.2
3 0.4 3 0 1 0 10.2 1.04 40 4 0.5 3.0/4.5
4 0.34 0 0.1 1.75 0.05 9.8 1.02 36 5.6 0.5 2.5/2.9
5 0.25 0.75 0.1 0.5 0 11 1.01 29 10 0.2 0.6/0.6
6 0.17 0 0.33 0.5 3 9.4 1.02 30 10 0.5 1.6/1.6
7 0.17 0.5 0.33 1 3 9.6 1.03 35 10 0.6 3.0/7.0
8 0.17 1 0.33 0.5 3 9.5 1.02 30 10 0.5 1.7/1.6
9 0.15 0 0.45 3 9.8 1.03 39 10 0.5 3.5/2.8
10 | 0.13 0 0.37 1 2 9.7 1.01 41 10 0.5 2.8/2.7

Note: * The rest — water.

Analysis of the data shows that the samples 1-3 at LAG/corn starch ratio around of 1:7 possess good
structural-mechanical and filtration characteristics. The thickness of filter cake may be increased by adding
2 wt.% of bentonite or deleting KCl from the mud composition.

The samples 4, 6, 9 and 10 exhibit good filter cake forming and filtration properties but not good thixo-
tropic characteristics because SSS¢/SSS; < 1. This condition will decrease the efficiency of cuttings suspen-
sion by the drilling mud.

The best structural-mechanical, filtration and filter cake forming properties exhibit the sample 7 consist-
ing of the mixture of LAG/corn starch /xanthan at the weight ratio 1:3:2 with total polysaccharide concentra-
tion 1 wt.%.

Conclusions

The rheological behavior of LAG and LAG/xanthan mixtures at a wide range of concentrations, tem-
peratures, pH, salt content and dispersed phase can be described by Ostwald-de Waal or Herschel-Bulkley
equations. In solutions of LAG — xanthan mixtures interpolymer complexes stabilized by hydrogen bonds
are formed. The structural-mechanical, filter cake forming and filtration properties of drilling muds based on
LAG-xanthan-corn starch mixture can be successfully controlled by changing of composition of polysaccha-
ride mixture and concentration of bentonite and KCl. The developed drilling muds can be used for drilling of
wells having unfavorable geological conditions.
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B.b. Curutos, XX.A. Hypaxmerosa, A.1O. [Tecupuau, C.E. Kynaitbeprenon

AHHMOH/IBI )K9HE HOH/IbI eMec MoJucaxapuarep
Herizinae Oyp¥bliIay epiTiHaiaepin d3ipJiey

Makana aHWOHZIBI (Te/UlaH, KCAaHTaH) JXOHE HOHIBI eMec (KpaxMal) IoJIcaxapujarep Heri3iHae jkaHa
OyprbUIay epiTiHAUIepiH o3ipieyre apHaiFaH. [eiulaH, TeJUIaH-KCAaHTaH, TeUIaH—Kyrepi Kpaxmaibl
kocranapeiablH NaCl, KCl, MgCl,, CaCl,, OEHTOHHT KATBICBIHAA »OHE KATBICHIHCHI3 BHUCKO3HMETPIIIK,
PEOJIOTHSUIBIK, JKoHEe MeXaHUKaIbIK Kacuertepi xone JJCK notmxkenepi kepcerinren. Temneparypa, pH opra,
TY37ap JKOHE MOJIMCaXapuATep KOHLEHTPAUMSUIAPbIHBIH —TelUlaH, TIeJUlaH—KCaHTaH, TIelllaH—KpaxMail
KOCTAJIAPbIHBIH PEOJIOTHSIIBIK KacHeTTepi MeH KOH(GOPMAIMSUIBIK aybicyaapbiHa ocepi 3eprrenreH. NaCl,
KCI, MgCl,, CaCl,, 6eHTOHHUT KaTBIChIHJIa )KOHE KaTBICBIHCHI3 opTYpil Temneparypa, pH oprama 0.2—-1.0 %
reJUIaH epiTIHAUICPIHIH PEeoJIOTHSIIBIK KacueTTepin HakTeipak OctBanbia-/le Baane xone Xepmens-bankimm
TeHJeyNepl cumarTaiiipl. ['enIaHHBIH MIMBIPHOIBIK-ITyMaK KOH(OPMAIMSACHIHA JKOHE 30Jb-Telb (ha3abk
aybICYBIHA TEMIIepaTypaHbIH, TY3HapiblH >koHe pH opTaHbIH ocepi Oypreumay epiTiHulepin xobanayna
Heri3ri ¢akropiap Gonbin TabbuIaxsl. MoOIENbl IKCIEPUMEHTTEp T'e/UIAaHHBIH KCAHTaH JKOHE KpaxMaJMEH
KOCIAachl YHFbIMa KaObIpFalapblH TYPaKTaHIBIPY JKOHE CYIbIH KelyiH TOKTaTyZa THIMIi areHT OOl
Tabbu1aThIHBIH KopceTTi. KCI xoHe GEHTOHMT KaThIChIH/A IeJlIaH—KpaxMall XKoHe reJllaH—KCaHTaH—KpaxMal
Kocmajapbl Heri3iHae TuimMai Oypreutay epiTiHZiaepi aiblHAbl. byn peunentep Kypneni Taysbl-Te€0JIOTHSUIBIK
Karaaiinapaa yHFbIManapisl Oyprbulay YIUiH KOJIAaHBLTYbl MYMKIH.

Kinm ce30ep: xomnounrap, Oypreuiay epiTiHaiiepi, reIaH, HHTEPIIOIMEpIli KeIeH Iep, TYTKBIPIIBIK.
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B.b. Curutos, XX.A. Hypaxmerosa, A.1YO. [Tecupuau, C.E. Kynaitbeprenon

Pa3paboTka OypoBBIX pacTBOpPOB
HA OCHOBE AHMOHHBIX M HEHOHHBIX MOJIMCAXAPUIO0B

Cratbst OCBSIIEHA Pa3padOTKe HOBBIX OYPOBBIX pacCTBOPOB Ha OCHOBE aHHOHHBIX (T€JJIaH, KCAaHTaH) U HEHO-
HOTECHHBIX (Kpaxmai) mosucaxapunos. lIpusenensl pesynsratsl JICK, BUCKO3MMETpHUYECKHE U PEONOTHYe-
CKHE€ CBOWCTBA reijiaHa, CMecel reinaHa—KCcaHTaHa U rejUIaH—KyKypy3HOTO Kpaxmalsla B OTCYTCTBHM H TpH-
cyrerBun NaCl, KCl, MgCl,, CaCl, u 6enronuTta. M3yuensl BausiHus Temneparypsl, pH cpensl, KOHIIEHTpa-
LMY HOJIMCAXapUIOB U COJICH Ha PEOIOTHYECKHE XapaKTEePUCTUKH M KOH()OPMALMOHHBIE MEPEeX0/bl cMecel
rejUlaHa, reJUlaH—KCaHTaH U TeJulaH—KpaxMmai. bojee TouHoe onmcaHne peolorH4ecKoro IMOBEAEHHS PacTBO-
poB resutana 0.2—1.0 mac.% npu BapsupoBanuu temieparypsl, pH cpenst B npucyrersun NaCl, KCl, MgCl,,
CaCl, u GenTonuTa onmckBatoT ypaBHeHust OcTBanbaa-/le Baane n Xepmensa-bankmm. Brustaue Temnepary-
pB1, coneil U pH Ha koH(pOpPManuu CIMpab-KIyOOK U 301Ib-rellb (ha30BbIC NMEPEXOAbl TeilIaHa SBISIOTCS
KIIFOYEBEIMH (DAKTOPAMH IIPH MPOEKTHPOBAHUU OYpPOBBIX pacTBOPOB. MoIeIbHBIC SKCIEPHMEHTHI TI0Ka3bIBa-
10T, YTO KOMOWHALIMH Te/UIaHa ¢ KCAHTAHOM U ¢ KPaxXMaJloM SBJIAIOTCS 3()(GEKTHBHBIMU areHTaMH JUIs CTaOu-
JM3aLUU CTEHOK CKB)XMHBI U M30JMPOBAHUS NPUTOKA BoAbl. [lomydeHsl 3 dekTHBHBIE OypOBbIE PacTBOPSI
Ha OCHOBE CMecell rejulaH—Kpaxmal M rejylaH—KcaHTaH—Kpaxman B npucytcrBun 6enronuta u KCl. Coop-
MYJIUPOBAaHHBIE PEHENThl MOTYT OBITh HCIONB30BaHBl Ui OYpeHHS] CKBaXMH B CIOXHBIX TOPHO-
TEOJIOTHYECKHX YCIIOBUSIX.

Kniouesvie crosa: KOJUIOUOHI, 6yp0BI)Ie PacTBOPBLI, I'eJUIaH, HHTCPIIOJIMMEPHBIC KOMIUICKCHI, BA3KOCTh
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HUcnonb3oBanne MHOTO(aKTOPHOM NepeMEeHHOM B MeTo/1e
BE€POSATHOCTHO-1€TEPMHUHUPOBAHHOIO IVIAHUPOBAHMS IKCIIEPUMEHTA

B crarbe nmoka3zaHo, 9TO B Ka4eCTBE KaK MHUHHMYM OJHOTO U3 (akTopoB B maHe BJIIID Moxxer BBICTyHaTh
nepeMeHHast, 00beANHAIOMAs HECKOIBKO BEINYUH ITyTEM TPYIMIHUPOBKH B THe30BoH ItaH. Ha nmpumepe de-
THIPEX(AKTOPHOTO IUIaHA C TPEMsI YPOBHSIMH BapbHPOBAHUS U «COCTABHOTO (haKTOPa», COJEpIKaIIero YeTepe
KOMITOHEHTA, IT0Ka3aH CIOCO0 MOCTPOSHUSI MAaTeMAaTHYECKOH MO MHOTOKOMIIOHEHTHOH cucTeMbl. Oro-
BOPEHBI HEKOTOPHIE OrPAHHYEHUs TPEIaraeéMoil METOAUKH pacdEToB. YCTaHOBIECHO, YTO BIUSIHUE HA pe-
3yJbTaT TONBKO OJHOTO KOMIIOHEHTa «COCTAaBHOTO (haKTOpa» MO3BOJISIET HCToNb30BaTh MeToa BJIIID 6e3 Bu-
nJousMmeHeHnid. Ha mpumepe moka3aHo, YTO MapHOE BIMSIHUE KOMIIOHEHTOB «COCTABHOTO (haKTOPa» MOMKET
OBbITH 0OHAPYXKEHO C TIOMOIIBIO TIepebopa BapUaHTOB MO pocTy KoddduimenTa HeMHEHO MHOKECTBEHHOI
Koppemsiuu. B kxadecTBe HEOOXOAMMBIX YCIOBHUH IOCTPOEHHS MAaTEeMaTHUECKOW MOJEIN BIMSHHS KaXXIOTO
W3 KOMIIOHEHTOB «COCTAaBHOTO (haKTOpa» Ha Pe3yibTaT yKa3aHO PaBEHCTBO UHCIIAa YPOBHEH KOMITIOHEHTa 00-
[eMy YUCITy YpOBHEW BapbHpOBaHUs (DAaKTOPOB B IUIaHE HSKCriepuMenTa. [Ipu TecTHpoBaHNH MeTO/1a HCTIONb-
30BaHBl «HCKYCCTBEHHBIE JAHHBIE», TOYHBIE 3HAYEHHsI KOTOPHIX M3BECTHHI. J[IT MMHTAIMM OMIMOKH JKCIe-
pPHMEHTa pacuéTHBIC 3HAUEHMS YMHOXKAJIMCh Ha ClydaifHoe ducio, Onuskoe K exunune. ONEeHKY TOYHOCTH
MOJTy4YEeHHBIX MOJENIEH MPOBEIH C MOMOIIBI0 OOIIENPUHITOTO B JIUTEPATYpe KPUTEPUS — CpeIHel ommoOKy,
U ¢ IOMOIIbI0 puHsTOro B Merone BJIIID koaddurmenrta HenuHeiiHOW MHOKECTBEHHOI Koppessiuun. Me-
TOJ] TIO3BOJIAET 3HAYUTEIBHO COKPATHTh YHCIIO OMBITOB, HEOOXOJUMBIX [UIS M3Y4EHHs CIOKHBIX CHCTEM C
npumeHenneM B/II13. Pa3paboTaHHEIN B cTaThe MOAXOM MPEIaraeTcsi, IIaBHBIM 00pa3oM, JUIs IPHIMEHSHUS
B CIIEKTPaJIbHOM aHaJIM3€ MHOTOKOMITOHEHTHBIX CHCTEM H B IPYIHX CIIy4asX, KOTAA pe3yNbTaT 3aBUCUT JINIIb
OT OJTHOTO M3 KOMITOHEHTOB «COCTaBHOTO (pakTopay.

Kniouesvie cnosa: BEpOATHOCTHO-ICTCPMIUHUPOBAHHOE TUIAHUPOBAHUE SKCIIEPUMEHTA, (PAKTOPHBIN SKCIEPH-
MEHT, HCKYCCTBCHHBIE JaHHBIE, YACTHAs 3aBHCUMOCTb, COCTABHOM (PaKTOp, cpeliHee OTKIOHEHUE, CIIEKTPallb-
HBIN aHAJIN3.

Posib MaTeMaTHUECKOTO TUIAHUPOBAHUS DKCIIEPUMEHTA B Pa3IMYHBIX 00NACTAX HAYKH M TEXHUKH He-
MPEPHIBHO BO3PACTacT. B XUMUU U XMMHUYECKOM TEXHOJIOTHM IUIAHUPOBAHHUE SKCIEPUMEHTA MIUPOKO HC-
MOJIB3YETCs JJISl TONYUCHUST MaTeMaTHIECKUX MOJIeJIel CIIOXHBIX MHOTO(aKTOPHBIX TPOIIECCOB, ONITUMH3a-
LMY UX MapaMeTPOB U OHOBPEMEHHOM CTATUCTHUECKON OLEHKH JOCTOBEPHOCTH IMOIYYaeMbIX PE3YJIHTATOB.
YI0OHBIM METOIOM MaTeMaTHYECKOTO TUIAHMPOBAaHHWS OKCIEPHUMEHTa  SBISIETCS  BEPOSTHOCTHO-
neTepMuHupoBanHoe mianuposanue (BAIID). OtoT meron, mosBuBimiics B 1960-x rr. [1], ObLI pa3BuT B
paborax B.I1. MansiieBa, ero y4eHUKOB, CIOABIKHHUKOB [2, 3] 1 mocieoBatenei.

Snpom metoma BIID sBnsieTcss TUtaH 3KCIIEPUMEHTA, OCHOBAHHBIA HAa HCIIONB30BAHUHU JIATHHCKHX
KBazpaToB. [IpuMeHeHne TaTHHCKHUX KBaJIPaTOB MO3BOJSET JOOUTHCS COYETAHUS KaKJOTO M3 YPOBHEH KaX-
Joro 13 (haKTOPOB C OCTATEHBIMH OJIMH U TOJLKO OJIWH pa3. DTo o0ecreurnBaeT PaBHOIICHHOCTh BKJIa/1a BCEX
(akTOpOB B IMOJlyYacMyH0 MaTeMaTHYECKYI0 MOJIENb, U, KaK CJIEJICTBHE, CTATHCTHUYECKYIO JOCTOBEPHOCTD
pe3yibTaTOB UCIONIb30BaHMs maHa. CylecTBeHHOe npeumyinectBo metona BAIID nepen npyrumu pasHo-
BUJHOCTSIMHU TUTAHUPOBAHUS SKCIIEPUMEHTA 3aKIIIOYAETCSl B CPABHHUTENBHO HEOOBIIOM YHCIE TPeOyeMBIX
OTIBITOB U TOJIyYEHUH MaTEMAaTHYECKOM MOJENN B €MHCTBEHHON Cepuu dKCIepruMeHToB. HemanoBaxkHbIMU
SIBIITIOTCS TAKKe IMPOCTOTA MATEMaTHIECKONH 00pabOTKU Pe3yIbTaTOB M BOBMOXKHOCTH €€ aBTOMAaTH3AIHH.

N3y4yeHre MHOTOKOMIIOHEHTHBIX XUMUYECKHUX cHucTeM ¢ romotibio B/II1D npu TpaguiioHHOM MOaX0-
Jle HAaYWHAETCS C OMpEeIICHUs (paKTOPOB U YPOBHEW WX BapbHpoBaHUA. lIpy 3TOM KakIplid U3 paccMaTpu-
BaeMbIX KOMIIOHCHTOB CHCTEMbI Ha3HAYaeTCsl OTJENbHBIM (akTopoM. [Ipennonoxum, u3yvaeTcsi 3aKaaBa-
HHUE YeTHIPEXKOMIIOHEHTHOTO CIIaBa. PaccMarpuBaeTcs BIMSHUE KOJIWYECTBEHHOTO COOTHOIIEHHUS KOMIIO-
HEHTOB, TEMIEPATypbl U BPEMEHHU HarpeBa, TEIUIOEMKOCTH OXJIAXKAAIOIIEH Cpebl, AIUTEIBHOCTU Ipolecca
«OTITyCKa» Ha TBEPJIOCTh MOIy4aeMOro Marepuana. J[is yMeHbIIeHus ynciia GakTopoB CojepikaHie KOMIIO-
HEHTOB CIJIaBa MOXET OBITh 33J]JaHO B BHJIE MAaCCOBBIX J0JI€H B OCHOBHOM KOMITOHEHTE MJIM BECOBBIX OTHO-
IICHWH K OJTHOMY M3 KOMITOHEHTOB. Torma 4 KOMIOHEHTa CIUiaBa JaayT Bcero Tpu (akrtopa. B urore umcio
paccMaTpuBaeMbIX (akTOpoB COCTaBUT 7, ¢ BakaHTHbIM — 8. [Ipuaercsi IIaHMPOBaTh SKCIEPUMEHT, CO-
crosimuit u3 49 ucneitanuii. KonewHo, 3To He 0OYeHh MHOTO, OCOOSHHO, €CITH YIeCTh BO3MOKHOCTh 000UTHCH
0e3 TIOBTOPHBIX OMNBITOB, KOTOPYIO IpeaocTaBisier meroy B/II1D, ogHako yMEHBIIUTH YHCIO OIBITOB 03
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CHIDKCHHUS KAuecTBa MOydacMOil MOJICITH TIPE/ICTABISCTCS BEChMa 3aMaHYMBBIM. A €CJIM YMCIIO KOMITOHEH-
TOB cIIaBa OyzieT He yeThIpe, a Oomnbine? Takue ciydan Hepelkd, 0COOCHHO €ClIM Y4eCTh HE TOJIbKO OCHOB-
HbIE KOMITOHEHTEHI, HO U JIETUPYIOIIHE JOOABKH.

B mpakTHke CMEeKTPaabHOTO aHAKW3a YacTO MPHUXOUTCS CTATKHBATHCS ¢ MHOTOKOMITOHEHTHBIMH CHC-
Temamu. [Ipu pa3paboTke METOIOB aHAIKM3a ATUX CUCTEM TPEeOYETCs y4eCTh BIUSHUC HA KAUueCTBO aHAIN3a
HACTpOeK Mpubopa u coctaBa MPoObl. MUHUMH3AIINS YHCIIA OTIBITOB B 3TOI O0JIACTH TaKXKe MPECTABISACTCS
BEChbMa JKeJlaTeIbHOM [4].

B03MOXXHOCTh YMEHBIIICHHS YHCIIA UCTIBITAHUNA B pacCCMaTPUBACMBIX MPUMEPAX U B MOXOXKHX CIyUasx
MOJKET OBITh peaii30BaHa IyTeM BKIIOUCHHS XUMHUYECKOTO COCTaBa CUCTEMBI B TUIAH B KaYeCTBE €IUHOTO
(coctaBHOTO) (hakTopa. Kax/plii KOMIIOHEHT cocTaBa (TOUYHEE — €ro KOHIIEHTpAaIus), TaKuM 00pazom, Oy-
JIeT ¥ KOMIIOHEHTOM COCTaBHOTO (akTopa. [Ipu 3TOM mpeacTaBaseTcss BO3MOXKHBIM MMOJYYUTh OIICHKU BIIHS-
HUS Ha Pe3yJIbTaT KKIOTO U3 PacCMATPUBAEMBIX KOMIIOHEHTOB COCTABHOTO (haKTOpa ¥, B TIEPCIIEKTUBE, HX
koMOuHanmii. O01Iee yncino GakTopoB B IUIaHE YMEHBINUTCS Ha JBa. YHCIIO eMMHUYHBIX UCTIBITAHUH COCTa-
BUT IIECTHA/IATh WIN JBAIIATh MATh C BAKAHTHBIM (DakTopoM (BMecTo copoka aeBsatH!). [IpoummocTpupy-
€M 3TH BO3MOXKHOCTH C MOMOIIBIO TUIaHA SKCIIEPUMEHTA ¢ MEHBIIICH pa3MepHOCThIO. Bocmosb3yeMcs Tpaiu-
IIUOHHBIM TIJIAHOM, COCTOSIIIMM M3 YeThIpeX (PaKTOpOB Ha TPEX YPOBHSIX BapbuUpoBaHus (Tadm. 1).

Taonuma 1
IInan 3xcnepuMeHTAa ¢ y4acTHEM COCTaBHOIO (pakTopa

Zz
!
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Ol | Q[N ]|—
W W[ WIN NN | =] =
W | =W —=]|WwW|N|—
N[ — [ W= | W[N|W|N|—
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Iozumuto mepBoro (akropa (F}) 3aHUMAET COCTaBHOHN (haKTOp, YCIOBHO 0003HAYCHHBIN KaK «COCTaB
cuctembl». [IpunepxuBasce oomelt Tenaenuu B/II1D, ncrons3yem B kauecTBE YpOBHEH KOMIOHEHTOB CO-
CTaBHOTO (pakTopa HemoBTOpstoHecs 3HaueHus. OOIee Yrcio Bapualiii «cocTaBa CUCTEMbD) OyeM 3a/ia-
BaTh PaBHBIM YKCIY YPOBHEH OCTAIBLHBIX (akTOpoB. TakuM 00pa3oM, OJIMH «COCTaB» U OYJET SBISATHCS OJI-
HUM YPOBHEM BapbHPOBAHUS COCTABHOTO (pakTopa. 3HAUEHHUS YPOBHEH KOMITOHEHTOB COCTAaBHOTO (DakTopa
o0berHNM B Tadnuie 2. CaMu 3HaYeHUST MOTYT OBITh POU3BOJILHBIME, HO HE MTOBTOPSIOIIMMUCS TSI OJTHO-
ro KOMIOHeHTa. 3aderast Biepell, OTMETHM, YTO €CJIH JUIsl KAaKOT0-IM0O KOMITOHEHTA 3HauYeHUs YpOBHEH Oy-
IyT MOBTOPATHCS, 3TO HE MOMEIIACT BBIYUCICHUSAM YACTHBIX 3aBHUCHUMOCTEH, BBI3BAHHBIX BapbUPOBAHUEM
YPOBHEU OCTaNbHBIX KOMIIOHEHTOB.

Tabnuma 2
CocraBnoii ¢paxrop (Fy)

YpoBeHb K, K, K; K,
1 4 6 9 12
2 6 9 12 4
3 9 12 4 6

3HaveHus], CrPYyMITUPOBAHHbIC B TAOHIIE 2, BEIOPAHBI TAKUMH HCKITFOUUTENHHO ISl BU3ya bHOTO OTJIU-
yust oT mudp 1, 2, 3, U3 KOTOPhIX CHOPMUPOBAH IJIaH SKCIICPHUMEHTA.

UToOb!I B MOJHOW Mepe OIEHUTHh TOYHOCTh MOIy4aeMoit ¢ momomisio BJIIID mMomenu, Bocmomb3zyemcs
«UCKYCCTBEHHBIMHU JTAHHBIMI» — JIaHHBIMH, CTEHEPHUPOBAHHBIMU 10 337aHHON popmyre. UToObl n30exaTh
JIeJICHHS] HA HOJIb TIPY OIIEHKE MOTPEITHOCTH MOJIEHH, a TaKXKe I UMHUTAINH S5 %-HOW OImMOKH dKCTIepH-
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MEHTa, KaXK/I0€ U3 PACCUNTAHHBIX 3HAUEHUI YMHOKHM Ha ciydaiiHoe yucio B auanasone 0,975-1,025. s
TeHepalluy JaHHBIX IpuMeHUM (hopmydibl (1—4). Pe3yiapTaThl BBIYHACIECHHH ¢ TIONPaBKaMU Ha «OIIMOKY JKC-
MepUMEHTay Crpynnupyem B Tabnuie 3. JlaHHbIe, HEIOCPEACTBEHHO BBIYMCIICHHBIE 110 (hOpMyJIe, TOMEUCHBI
3HaKkoM ((¢), a TaHHbIE ¢ TIONpaBKaMU — 3HAKOM (). Pe3ynbTar, pacCUuTaHHBIN MO MOIyYEHHOH METOAOM
BJIIS monenu, ormeuen 3HakoM (B). JJis pacuéro o meromy B/IITD ucnonbp3oBaHb! (P, OKPYTIEHHBIE
0O BTOPOT'O 3HAaKa IOCIE 3aIlATOM, MO3TOMY pe3ynbTaThl BeiuucieHuil, kpome KHMK, npuBegens! okpyr-
néuapiMu. Bee koadduumentsr B hopmynax BbIOpaHBl Hayraa M HE MMEIOT KaKOTO-THOO (H3MYECKOro
cmbicia. HamepeHHO 3Ha4eHus pe3ynbTaTOB OMMCAaHBl KaK CyMMa, YTOOBI YIPOCTHTH MOCIEAYIONIYyI0 0Opa-
00TKy, MOXHO MCIOJIb30BaTh TOJIBKO CpeiHee apu(MEeTHIECKOe U He IPUMEHATh JPyrHe CIocoObl ycpeaHe-
HHUSL

Y, =1,99*F,"" + exp(F, *0,68) ; )
Y,=K,*8,5+1,5*F," +exp(F,*0,8) ; )
Y,=K,*5+1,5*F" +exp(F, *0,8) ; 3)
Y, =K, *K,*0,87+1,5*F," +exp(F, *0,8) . 4)

TouHocTh monyyaeMbix MeTooM BJIIID MaTeMaTuyeckux MOZENeH OLEHUBAIM KaK MO 3HAYEHUIO KO-
3¢ PUIMEeHTa HEMMHEHHOW MHOXECTBEHHOH Koppessuus (5) U ero 3HauuMocTH (6), Tak U ¢ TOMOLIBIO Cpel-
Hero oTKJIOHEeHUS (7).

(N-DY (Y, -Y,)
R=|I- L . (5)

(N_K_I)Z(Ya _ch)2
1
RJVN-K-1
1-R*
ym ytrj)
ytrj)

(6)

t, =
N

-1
A—NZ

i=1

()

Taonuma 3

Pe3yJIbTaTLI BBIYMC/IUTEIBHOI0 JKCIIEPUMEHTA

Yi(d) Yi(3) Yi() Ya(d) Y5(3) Y,(B) Yi(d) Y3(3) Y3(B) Yi(d) Yi(3) Y4(B)

1 3,96 4,06 4,06 54,73 55,60 56,89 | 63,73 | 65,06 | 64,73 | 45,49 | 45,49 | 43,81
10,36 | 10,48 | 10,32 | 61,55 62,41 63,11 70,55 | 69,21 | 69,97 | 52,31 | 52,63 | 513
20,57 | 20,80 | 20,72 | 74,12 75,30 76,54 | 83,12 | 81,37 | 81,82 | 64,88 | 64,81 | 62,5
5,89 5,85 6,24 80,23 81,11 82,17 | 23,73 | 24,06 | 25,16 | 24,61 | 24,33 | 23,9
14,16 | 13,97 | 13,99 | 87,05 86,53 88,39 | 30,55 | 30,73 | 30,38 | 31,43 | 31,43 | 31,39
14,86 | 14,78 | 14,87 | 99,62 98,52 | 101,82 | 43,12 | 43,25 | 44,55 | 44,00 | 44,31 | 42,59
9,68 9,73 9,91 105,73 | 108,26 | 107,97 | 33,73 | 32,88 | 33,79 | 50,71 | 49,79 | 48,85
8,44 8,28 8,14 | 112,55 | 112,78 | 114,19 | 40,55 | 41,32 | 41,33 | 57,53 | 56,38 | 56,34
16,78 | 16,73 | 17,05 | 125,12 | 127,25 | 127,62 | 53,12 | 54,18 | 53,2 | 70,10 | 68,49 | 67,54

O[R[N | [W|N

Pesynbrarel BeIUUCIICHUH, TPUBEAEHHBIE B Ta0muIle 3, nanee o0pabaThBAIUCH CIIOCOOOM, IPUHSATHIM B
metone BJIIID, kak pe3ynbTrarhl 0OBIYHOTO J1abOpaTOpHOro 3kcrnepuMmeHTa. OOpaboTKa W MHTEPIPETALIUS
pesynbpTaTta Yj, 3aJaHHOTO HE3aBHCHMBIM OT COCTaBHOTO ()aKTopa, HUKAaK HE OTIUYAJINCHh OT MPUHATHIX B
pamMKax MeToja, 3a MCKIIOYCHUEM TOTO, YTO BMECTO KaKWX-THOO 3HAYCHHU HCIIONb30BAJIKCH TOPSIIKOBEIC
HOMeEpa ypOBHEH.

B tabnuie 4 npencraBieHsl BEIOOPKU JIJISl IIOCTPOSHUST YaCTHBIX 3aBUCHMOCTEH Y| OT paccMmarpuBae-
MBIX (paKTOpOB.
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Tabnuuma 4
BbI0OOpKH 1151 MOCTPOEHHS YACTHIX 3aBUCHUMOCTel ¥

ot F} ot F,
No No No No No No
1 3,96 4 5,98 7 9,87 1 3,96 2 10,44 3 20,41
10,44 5 14,28 8 8,23 4 5,98 5 14,28 6 14,72
3 20,41 6 14,72 9 17,08 7 9,87 8 8,23 9 17,08
Cp. 11,6 11,66 11,73 Cp. 6,6 10,98 17,4
X 1 2 3 X 1 2 3
ot F; ot F,
No No No No No No
1 3,96 2 10,44 3 20,41 1 3,96 2 10,44 3 20,41
6 14,72 4 5,98 5 14,28 5 14,28 6 14,72 4 5,98
8 8,23 9 17,08 7 9,87 9 17,08 7 9,87 8 8,23
Cp. 8,97 11,17 14,85 Cp. 11,77 11,68 11,54
X; 1 2 3 X4 1 2 3

Annpoxcumupyromast GyHKIUS A1 KaXIOW U3 YaCTHBIX 3aBUCHMOCTEHl BbIOMpasach 110 MakCUMyMy
kodduunenTa HemMHEeHHOH MHOXKecTBeHHOM Koppessiunu (KHMK) u3 cemu yacto npumeHnseMbix Gpopmyi:

y=a+bx (8); y:a+b/x 9); y:;b (10); y=a+blnx (11); y:axb (12); y =ab™ (13); y:aebx (14);
a+bx

y=ae™x¢ (15).

Oyukiuo (15) npu anmpoKCUMany He MPUMEHSUTH, TaK KaK OHAa OMHCHIBACT JIOOBIC TPU TOYKH CO
CTOIPOILIEHTHON TOYHOCTHIO (TaK K€, KaK IOJIMHOM BTOPOTO TOPSIIKA) U SBIIAETCS YaCTON MPUYHUHOMN OIIH-
OOYHOTrO ONMHCAHUSA 3HAYUMOCTH (DYHKIIUH [TPH YHCIIE SKCIIEPUMEHTOB MeHee 25.

Ha pucynke 1 (a—2) npuBecHbI Tpaduiku GYHKIUH, OMUCHIBAIONINX YaCTHBIC 3aBUCUMOCTH Y| OT pac-
cMaTpuBaeMbIX (akTopoB. Heca0KHO 3aMETHTH, UYTO 3aBUCHMOCTE PE3YNIbTaTa OT F| ONMHCHIBAETCS MPSAMOIA,
MPaKTHIECKH COBIAMAIONIEH ¢ THHKMEH cpennero 3Hadenus. CiaemoBaTebHO, COCTaBHOM (hakTOp HE OKa3bI-
BaCT BIHMSHUSA HA pe3ysbTar. UTo ¥ OBUTO 33J1aHO COOTBETCTBYIONICH (DYHKIIMEH MeHEpaIliK JAHHBIX.

j-l

res Fy
20 20

¥
s

Pucynok 1. YUactasle 3aBucumoctu Y, ot F (a), F, (0), F; (6) 1 BakaHTHOTO (hakTopa (2)
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Kak BuaHo u3 pucyHka 1(e) ¥ COOTBETCTBYIOLIEH YacTHON (PyHKIMH, BaKaHTHBINA (aKTOp MOYTH HIe-
AITHHO OIHMCHIBASTCS MPSMOM, OTU3KONW K IMHUW cpeaHero 3HadeHus. Korga peds uaér o crenuanbHO cTeHe-
PUPOBAaHHBIX TaHHBIX M MPABIIIBHO TOJOOPaHHOM BHJIE CPETHET0, HHOTO OXKHIATh He MPUXOAUTCA [S 1 Ap.].
[TosTOMY Ha OCTaNbHBIX PUCYHKAaX, WLTIOCTPUPYIOLIIMX BHIOOPKM HAa YacTHHIC 3aBHCUMOCTH, BaKaHTHBIN
daxTop ymanén. UroroBoe ypaBHeHme, monydeHHoe Metomom BJIIID (16), ommceiBaer cuctemy (1) c

R=0,9991; = 1360,215; 4=0,0204.

Y, =4,101%1,623% + !

0,1336-0,02209.X,

Y, u Y3 3amaHbl 3aBeIOMO 3aBHCHMBIMH OT KOMIIOHEHTOB cocTaBHOro (akropa K, u K;. Hannuue 3aBu-
CUMOCTH MOKHO HaONIOAATh YK€ MPH MCIIOJIIb30BaHUH MOPSAKOBBIX HOMEPOB, OJTHAKO OMHCATh TaKyIO 3aBU-
CUMOCTh QYHKIMSIMH 5—11 OKa3pIBaCTCSI HEBO3MOXKHBIM M3-3a SIPKO BBIPAXKEHHOTO 3KCTpemyMa. [1pu 3aMene
HOMEPOB Ha 3HAYCHHUS YPOBHEH OOHapyKMBaeTCs 3aKOHOMEPHOCTH, ONU3Kas K 3aBHCUMOCTH, 3aJaHHOU
dhopmyroif cuHTe3a MaHHBIX. B Tabmuiax 5 u 6 mpuBeaCHB! BEIOOPKH IS alllIpOKCHMAITH (YHKITHH, OITH-
CBHIBAIOITUX YACTHBIC 3aBUCUMOCTH Y, U Y3 OT paccMaTpuBaeMbIX (pakTopos (puc. 2, 3).

(16)

-11,6633.

Taonuma 5

Bb100pKH 1719 NOCTPOEHHUS YACTBIX 3aBHCHMOCTeH ¥,

Ot Fl(Kz) Or F2
Ne Ne Ne Ne Ne Ne
1 55,6 4 81,11 7 108,26 1 55,6 2 62,41 3 75,3
2 62,41 5 86,53 8 112,78 4 81,11 5 86,53 6 98,52
3 75,3 6 98,52 9 127,25 7 108,26 8 112,78 9 127,25
Cp. | 64,4367 88,72 116,0967 | Cp. 81,6567 87,24 100,3567
Xi(K5) 1(6) 2(9) 3(12) X5 1 2 3
Or F3 Or F4
Ne Ne Ne Ne Ne Ne
1 55,6 2 62,41 3 75,3 1 55,6 2 62,41 3 75,3
98,52 4 81,11 5 86,53 5 86,53 6 98,52 4 81,11
8 112,78 9 127,25 7 108,26 9 127,25 7 108,26 8 112,78
Cp. 88,9667 90,2567 90,03 Cp. 89,7933 89,73 89,73
Xz 1 2 3 X, 1 2 3

1z

36

a0

64

1z

96

an

B4

L Rs

112

98

a0

Ed4

12

98

a0

E4

¥

ns

1225

Pucynok 2. Yactasle 3aBucuMoctu Y, ot F (a), K; (6), F, (6) u F;5 ()
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®opmyna (17) otoOpaxkaer omucanue cucteMsl (2), momydeHHoe c¢ momombio BAIID. R =0,9964;
tg=310,005; 4=0,0239.

Y, =12,26+8,61K, +

1

0,01351-0,001143.X,

HpI/I HCIIOJIb30BaHUN Xl, 3aJaHHOTO MOPAAKOBBIM HOMCPOM, TOYHOCTH YPAaBHCHUA HC U3MCHACTCH, 110~
CKOJIBKY 3aKOHOMEPHOCTb U3MCHCHUS MMOPAAKOBOI0O HOMEpPA COBIIAAACT C TaKOBOM JIs Kz.

+89,11.X,%"'% —179,5022.

BpI00opKH 1151 MOCTPOEHHS YACThIX 3aBUCUMOCTel Y3

(7

Tabnuma 6

Or FI(K4) Or F2
No No No No No No
1 65,06 4 24,06 7 32,88 1 65,06 2 69,21 3 81,37
2 69,21 5 30,73 8 41,32 4 24,06 5 30,73 6 43,25
3 81,37 6 43,25 9 54,18 7 32,88 8 41,32 9 54,18
Cp. 71,88 32,68 42,7933 Cp. 40,6667 47,0867 59,6
Xi(Ky) 1(12) 2(4) 3(6) X, 1 2 3
Or F3 Or F4
No No No No No No
1 65,06 2 69,21 3 81,37 1 65,06 2 69,21 3 81,37
6 43,25 4 24,06 5 30,73 5 30,73 6 43,25 4 24,06
8 41,32 9 54,18 7 32,88 9 54,18 7 32,88 8 41,32
Cp. 49,8767 49,15 48,3267 Cp. 49,99 48,4467 48,9167
X; 1 2 3 Xy 1 2 3

a0

a0

Pucynok 3. Yactasle 3aBucuMocTtH V3 0T F (a), K4 (6), F, (8) u F3 ()

VYpaeuenue (18) yuutbiBaeT 3aBUCUMOCTH Y3 oT Ky u umeer R = 0,9979; = 531,8375; A= 0,0179. Ec-

I BMECTO 3HAUYEHUN K4 HUCNOJIB30BATh UX IMOPAAKOBBIE HOMEpA, TOYHOCTH YpaBHCHUA PE3KO MaAaacT
(R = 0,8326; = 6,0687).

96

Y, =13,27+4,888K, +

1

0,02868 -0,003905X,

+50,67-0,775X, —98,2356.

(18)
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Mcnonb3oBaHne MHOrogakToOpHOM NEPEMEHHON ...

Pesynprar Y, monyueH mpu MCMOIB30BAHWU B KAaueCTBE ACUCTBYIOIICH MEPEMEHHOUN MPOU3BEICHUS
3HaueHud K|, u Ky. IlockonbKy 3Hau€HHS MPOU3BEJCHUS HE MOBTOPSIOTCS, OHO TMOJHOCTHIO MOAXOIUT TIO
TpeOOBaHMUAM U MOXET PacCMaTPHUBATHCA KaK OTHENBHBI KOMIIOHEHT COCTaBHOTO (pakTopa. Beibopkm Ha
YaCTHBIC 3aBUCUMOCTH MPEJICTaBJICHEI B Tabnuie 7. PUCyHOK 4 ONMUCHIBACT MONYYCHHBIC YaCTHBIC (DYHKIIUU
rpaduIeCKy.

Tabnuma 7
BpI00pKH 1151 MOCTPOEHHS YACThIX 3aBUCUMOCTel ¥y

Ot FI(KI*K4) Or FZ
Ne Ne Ne Ne Ne Ne
1 45,49 4 24,33 7 49,79 1 45,49 2 52,63 3 64,81
2 52,63 5 31,43 8 56,38 4 24,33 5 31,43 6 44,31
3 64,81 6 4431 9 68,49 7 49,79 8 56,38 9 68,49
Cp. 54,31 33,3567 58,22 Cp. 39,87 46,8133 59,2033
X,(KKy) | 1(48) 2(24) 3(54) X, 1 2 3
Or F3 Or F4
Ne Ne Ne Ne Ne Ne
1 45,49 2 52,63 3 64,81 1 45,49 2 52,63 3 64,81
6 44,31 4 24,33 5 31,43 5 31,43 6 4431 4 24,33
8 56,38 9 68,49 7 49,79 9 68,49 7 49,79 8 56,38
Cp. |48,7267 48,4833 48,6767 Cp. 48,47 48,91 48,5067
X3 1 2 3 Xy 1 2 3
Al als
&0 o &0l
o
I___rr—r____——
€0+ - - - — — — — — — 44
36 36
<
24 X on KK,
1 2 R 50 40 50 >
a 6
Fen Al
&0 &0
43 a8 12
3k 3k
24 X, = X,
1 2 I 1 2 7

Pucynok 4. YactHble 3aBUCUMOCTH Y4 0T F (@), K1*Ky (0), F> (8) 1 F5 ()

Ypasuenue (19) oTIIMIHO OMUCKHIBAET Y4, €CIIM YIUTHIBATH 3HaUCHHS TpousBeneaus Ki*K, (R = 0,9988;
tr=931,1356; A= 0,0277). Ilpu ucmonp30BaHUH HOMEPOB (DakTOopa KapTHHA CYMIECTBEHHO YXYIIIACTCS
(R=10,5051; tg=1,7941).

1
0,0293-0,004095.X,

[Ipu amanm3e mpuBenEHHBIX PACCYKACHUN W JAaHHBIX BO3HHWKAET BONPOC: KakK MOBEAYT ceOs JacTHEIE
3aBHCHMOCTH OT JIByX M 00Jiee KOMIIOHEHTOB COCTaBHOTO (DakTopa B ciiyyae, €CIM UX YPOBHH 3aBUCAT OT
HOMEPOB CXOJIHBIM 00pa30M: HampuMep, BO3PACTAIOT WM YOBIBAIOT OT MEPBOTO K mocieaneMy? JlefcTBu-

Y, =-63,64+30.51In(K,K,) + +48,68-0,025X, -97,2578. (19)
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TEJBHO, TOJBKO MaTeMaTuiyeckumu npuémamu BJII1D pazauunth, kakoit u3 (akTopoB BEI3BIBACT HAOIIO1ac-
MEBIN pe3yabTaT, He MMOIYIUTCS. PaccMOTpHM 9acTHBIE 3aBUCUMOCTH Y, OT K| u K; (Tabm. 8, puc. 5 a, 0).

Bri0opku a5t nocTpoenus yacTHoii 3apucumoctu Y, ot K u K;

Taonuma 8

Or Fi(K) Ot Fi(K3)
Ne Ne Ne Ne Ne Ne
1 55,6 4 81,11 7 108,26 1 55,6 4 81,11 7 108,26
2 62,41 5 86,53 8 112,78 2 62,41 5 86,53 8 112,78
3 75,3 6 98,52 9 127,25 3 75,3 6 98,52 9 127,25
1 64,4367 88,72 116,0967 Cp. 64,4367 88,72 116,0967
X 1(4) 2(6) 3(9) X, 1(9) 2(12) 3(4)

Pucynok 5. Uactasle 3aBucuMoctu Y, ot K (a), K; (0)

B nienom Bo3pacraromnas 3aBUCUMOCTD Y, oT K| ToOX0Xka Ha 3aBUCUMOCTh Y, OT Kj. [loka3arenu TouHO-
CTHU JJIsl TaKOM MOJeNu AOBOJIBHO BBICOKU: R = 0,9916; tx=132,5379. B To ke Bpems OJsi OCTaJbHBIX KOM-
IMOHEHTOB COCTABHOIO (haKTopa 3HAUYMMYIO 3aBUCHUMOCTH 1o (opmyiam (5—11) momodpats He ynaéres. Ha-
MpUMEp, TPHU TIOMBITKE HCIIONB30BaTh 3HAa4eHHWE K; MOJENb IMONydaeTcsl IOJHOCThIO HeaaeKBaTHOW
(R=0,2873; t,=0,7671).

PesroMupys M310KEHHOE BBIIIE, MOXHO 3aKJIFOUUTh, YTO COCTABHON (DaKTOp MOXKET OBITh MCIOIB30BaH
B IJITAHMPOBAHUHU dKCIiepuMeHTa ¢ npumeHenneM B/IIID. [lns ycmexa pacu€ToB HEOOXOIUMO COOJIIOIACHHE
psna ycIoBHil.

1. Yncno ypoBHEW BapbHPOBAHUS UCCICAYEMBIX KOMIIOHCHTOB (haKTOpa JOJIKHO OBITh PaBHO YHCITY
ypoBHEH (akTopos B miane BAIID. Oto TpeboBanme cobmogaeTcs myTEM T00aBICHIS BaKaHTHBIX (pakTo-
POB B OCHOBHOM TIJIaH WJIH K€, HA000pOoT, 100aBlIeHHEM «BaKaHTHOTO KOMIIOHEHTa» B COCTaBHOU (akTop.

2. 3aBUCUMOCTh 3HAYCHHS YPOBHS OT €r0 HOMEpa JOJDKHA ObITh Pa3THUYHOM JJIS BCEX U3yUaeMBIX KOM-
MMOHEHTOB COCTAaBHOTO (pakTopa. DTO TpeOOBaHUE JIETKO COOJIFOACTCSI MPH HMCIOJB30BAHUU JIATHHCKOTO
KBaJIpaTa, MoJIy4aeMoro CIIBUTOM CTPOKH Ha OJHY HO3HIIMIO M J0OAaBIEHUEM «BbITABIIEeH (P B HAYAJIO
CTPOKH.

3. CBeneHUsl 0 BO3MOXHOCTH WJIM HEBO3MOXKHOCTH 3aBUCHUMOCTH pe3yJibTaTa OT JaHHOTO KOMITOHCHTa
COCTaBHOTO (haKTOpa, MOTyYEHHBIE U3 APYTUX UCTOYHUKOB, MOTYT OBITh MCTIOIB30BAHKI I BBIOOpA UTOTO-
Boro ypaBHeHHS. [Ipn 3TOM coOImoIeHHE ITyHKTA 2 CTAHOBUTCS HEOOSI3aTEIIHHBIM.

4. TTouck mapHBIX, TPOUHBIX U T.II. 3aBUCIMOCTEH OT KOMIIOHEHTOB COCTABHOTO (PaKTOpa MOXKET OBITh
OCYIIIECTBJICH ITyTeM Nepedopa BO3MOKHBIX BapHAHTOB.

Merton mpearaeTca UCIOIB30BaTh AJIS1 KaTHOPOBKH CIIEKTPAIBHBIX MPUOOPOB C MPUMEHEHHEM CIie-
IUATBHO COCTABJICHHBIX cMecel. MoauduKaIiu MeTo/IOB KAIUOPOBKH, B KOTOPBIX MPEAIOJIAraeTCsl UCTIONb-
30BaTh JAHHYIO METOJAMKY, HE CIIOKHEE JPYTUX COBPEMEHHBIX METOJIOB KATHOPOBKHA aTOMHO-3MHCCHOHHBIX
CHEKTPOMETPOB, IIJIsl KOTOPBIX HACTOSITEIHbHO PEKOMEHIYETCS! MCIOIb30BaTh IJIAHNPOBAHHUE DKCIIEPHMEHTA
[6] 1 yacTO MPUMEHSIOTCS «M30IIPEHHBIE METOBI CTATUCTHYECKOH 00paboTKu ciekTpoBy [7, 8]. [Ipumene-
HUE METOJMKH MPEICTABISICTCS BO3SMOXKHBIM U B IPYTHX 00JIACTSIX HAYKH U TEXHUKHU.
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Hoes memooa eo3nuxna npu 0opabomre IKCREPUMEHMANLHBIX OAHHBIX, NOJIYUEHHbIX 8 PAMKAX PaOOmbl
no meme «4371/I' @4 — Uzyuenue coemecmnoco ocaxcoeHus coeti OUKApOOHOBbIX KUCLOM dNEMEHMO08, 00-
PA3yIouux MHO209IEMEHMHbLE OKCUObL C 8bICOKOMEMNEPAMYPHOU CEEPXNPOBOOUMOCIIBION.
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Ta:xkipuOeHi BIKTHMANABI-AETEPMHUH/L KOCTIapJIay diciHae
KOM(PaKTOPJIbI AMHAMAJIBIHBI KOJIIAHY

Maxkanazna ToxipuOeHi BIKTHManAbl-nerepMuHi skocnapsiaaa (ThIJK) Gipreme MoHmepi ysuIbl xKocmapra
TONTAy apKbUIBI OipikTipeTiH Oip FaHa aiHBIManbl mamMa Ooia aJaTBIHIBIFEI KepceTiunai. Y JeHreiineri
TYPJICHIIPYIiH TOPT (GaKTOPIIbI KOCTIapiay MEH «Kypamsl (hakTop» MbICATIbIHAA KOIKOMIOHEHTTI KYHCeHIH
MaTeMaTHKaIBIK YITiciH Kypy ofici KepceTinni. ¥CHIHBUIATHIH €ceNTey oAiCTeMeciHiH Keibip mexreynepi
eckepiiren. «Kypamusl ¢axropasiH» Oip FaHa KOMIOHEHTIHIH HoTwkere acep Oepyi TBIJDK omicin Typ
©3repiciHCi3 KongaHyFa MyMKiHAIK Oeperinmiri kepceriaren. «Kypamuasl (akTopablH» KOMIIOHEHTTEPiHIH
JKYITBI 3Cepi CBHI3BIKTHI KONTIK Koppersiuus Kod(pduimeHTTepiHiH ocyi OOHbIHIIA HYCKadapabl ipiKTey
KOMETIMEH aHBIKTATaTBHIHIBIFBl MbICAJ PETiHAE KOpCceTiireH. MaTeMaTHKalbIK YITiHI KYPYABIH KaXeTTi
JKaFalbl — «Kypams! GakTopabIHy opOip KOMIIOHEHTIHIH ocepi TaXiprOe *KocmapelHIaFs! (HaKTOPIAPIBIH
TYpJIEHY JACHreiliep CaHbIHBIH KOMIIOHCHT [CHICHiHIH caHbIHA Tere-TeH Oonagpl. OJicTi ChlHaManay
0aphIChIHIA HAKTHI MOHAEP] OCNTiimi OONATBIH «OKACaHIBI MANIIMETTEPY» MaiJananbuibl. Toxipude KaTemirin
YKcaTy YIIIH eCeTiK MoHep Oip CaHbIHA JKAKbIH Ke3 KEJIreH CaHFa KoOCHTUIII. AJNBIHFaH YITiHIH AIIUIITH
Oaranay — one0ueTTep e JKallbl MaKyIIaHFaH KpUTepuiiep — opramua MoH >xoHe ThIJIK oxicinne KaObui-
JAHFaH CBI3BIKTHI KOMTIK KOppessuus ko3 duienti kemerimen xkyprisinai. Onic ThIJXK naiinanany apkpuist
KYpZeli xyienepai 3epTreyre KaxeTTi ToxipuOenep CaHbIH KbICKapTyFa MYMKIHIIK Oepuxi. ABTopiapiably
OWBIHIIIA YCHIHBUIFAH TACUIAEMEHI KOIKOMIIOHEHTTI JKYHEHIH JKoHE «KypamIbl (GakTopiaapabiH» Oip FaHa
KOMITOHEHTIHE ToyeJi 00IaThIH CIIeKTPAIBI TaJlayFa KOJaHyFa MYMKIHIIK Tyabl.

Kinm co30ep: ToxipuOeHi BIKTUMAILIBI-IETEPMHIHI )KOCHapiay, GakTopiIbl ToXipHOe, CIICKTPaIIb! Talxay.

V.N. Fomin, A.A. Kovaleva, S.K. Aldabergenova

Use of a multifactorial variable in the method
of the stochastic-determinated design of experiment

The article shows that, as at least one of the factors in the SDDE plan, a variable that unites several quantities
by grouping into a nesting design can act. An example of a four-factorial plan with three levels of variation
and a «composite factor» containing four components shows the way to construct a mathematical model of a
multicomponent system. Some limitations of the proposed calculation methodology are stipulated. It is shown
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that the influence on the result of only one component of the «composite factor» makes it possible to use the
SDDE method without modifications. The example shows that the pair effect of the components of the «com-
posite factor» can be detected by looking through the options for increasing the coefficient of nonlinear mul-
tiple correlation. As necessary conditions for constructing a mathematical model of the influence of each of
the components of the «composite factor» on the result, the equality of the number of levels of the component
to the total number of levels of factor variation in the experimental plan is indicated. When testing the meth-
od, «artificial datay is used, the exact values of which are known. To simulate the experimental error, the cal-
culated values were multiplied by a random number close to unity. Estimation of the accuracy of the obtained
models was carried out with the help of the commonly accepted criterion in the literature — the mean error,
and using the coefficient of nonlinear multiple correlation adopted in the SDDE method. The method makes it
possible to significantly reduce the number of experiments needed to study complex systems using the
SDDE. The approach developed in the article is proposed mainly for application in the spectral analysis of
multicomponent systems and in other cases when the result depends only on one of the components of the
«composite factor».

Keywords: stochastic-determinated design of experiment, factor experiment, synthetic data, partial depend-
ence, combined factor, mean deviation, spectral analysis.
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About quantitative determination of flavonoids in vegetative raw materials

Numerous researches show that the medicines created on the basis of flavonoids are high performance
antineoplastic tools, have antioxidatic properties, reduce risk of diseases of cardiovascular system. Currently
physical and chemical methods of the analysis, such as spectrophotometry, absorption spectroscopy are wide-
ly used for the identification and quantitative determination of flavonoids in medicines. However, combined
methods involving various variants of chromatographic separation of the investigated components are in-
creasingly spreading. Wide use of physicochemical and combined methods of analysis is primarily due to the
fact that these methods have a much greater sensitivity and selectivity in comparison with modern chemical
and electrochemical methods. Literary data on researching new, and also development and exploitation of ex-
isting methods for quantitive determination of flavonoids in vegetative raw were generalized and analyzed.
Special attention is paid to such analyzing methods as method of high-performance liquid chromatography,
spectrophotometry and chromato-mass-spectrometry. The HPLC method is a fast, highly reproducible meth-
od that requires a small amount of analyte and is used for quantitative, qualitative analysis and preparative re-
lease. The most accessible and objective method for controlling biologically active compounds in plant raw
materials is the chromato-mass-spectrometric method of analysis, which makes it possible to identify individ-
ual flavonoids, regardless of the presence of extraneous or related compounds. It is established that most of
the studies are based on the methods for the quantitative determination of flavonoids, set out in the European
and British pharmacopoeias, and are widely used to standardize many types of raw materials containing fla-
vonoids.

Keywords: flavonoids, quercetin, high-performance liquid chromatography, spectrophotometry, complexo-
metric titration.

Introduction

Currently pharmacologists are interested in substances of flavonoids group. Flavonoids are a group of
widespread natural antioxidants in which moleculestwo benzene rings linked by a three carbon fragment
containing oxygen. These compounds are a part of many medicines and dietary supplements (DS) and have a
number of beneficial properties for the human body. Numerous researches have shown that the medicines
created on the basis of these substances are highly effective antineoplastic means, have antioxidant proper-
ties, reduce risk of diseases of cardiovascular system [1-8].

It should be noted that valuable feature of flavonoids, along with high biological activity, is their low
toxicity.

Depending on the structure of the oxygen-containing fragment flavonoids are classified into several
classes (see Fig.). Depending on the number and the nature of substituents on the benzene rings flavonoids
subdivide also into subclasses [3, 9]. Flavonoids are widespread in flora, particularly in higher plants belong-
ing to the bean, Rosacea, Asteraceae, buckwheat families [3, 9].

Quercetin — 5,7,3’,4’-tetrahydroxyflavonol — one of the most widespread natural antioxidants of a se-
ries of flavonoids which is a part of many medicinal preparations and DS. It possesses a wide range of bio-
logical effect on a human body, in particular, anticancerogenic, anti-inflammatory, antioxidatic, antihista-
mine action, slows down processes of cell aging of a skin, cornea, myocardium [3, 9-12].

Materials and methods

Along with quercetin the reare relatively large amounts of individual flavonoids in plant facilities. So
the task of the selective isolation of their raw materials and their subsequent determination requires the use of
different methods of analysis of natural objects, which give the opportunity to fully characterize complex
composition and low content of flavonoids.

Currently, physical and chemical methods of analysis, such as spectrophotometry, absorption spectros-
copy widely used for identification and quantification of flavonoids in drugs. However, increasingly used the
combined methods, including various options for the chromatographic separation of the investigated compo-
nents. Wide use of the physical and chemical and combined analysis methods, first of all, is bound to the fact
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that these methods have considerably larger sensitivity and selectivity in comparison with the modern chem-

ical and electrochemical methods.
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Figure. Members of the main classes of natural flavonoids

The adsorption and chromatographic method is used for division of flavonoids among themselves and
separations from the accompanying substances [7].

Results and discussion

For determination of flavonoids in extracts from plants as well as in foods often use high-performance
liquid chromatography (HPLC) after pre-concentration of flavonoids using solid phase extraction. In this
case the selection or group identification of flavonoids is complicated by restriction of quantity of sorbents.

The HPLC method is a rapid, highly reproducible method which requires a small amount of an analyte
and is used for quantitative and qualitative analysis of preparative selection[13].

For flavonoids columns with versed and phase sorbents and detection with a UV-visible detector with
variable wavelength are more used. Currently widely used photodiode detector, which allows to obtain UV-
visible spectrum of the substance simultaneously with the release of the peak in the chromatogram. This ex-
perimental reception considerably facilitates a problem of identification of substances. Mobile phases (eluent
systems) tend to be binary and contain acidic polar component (aqueous solutions of acetic, per chloric acid,
phosphoric acid or formic acid) and a less polar organic solvent (acetonitrile or methanol) [13, 14].

Gradient mode is most suitable for the separation of complex mixtures of flavonoids. For columns with
reversed-phase sorbents typical gradient programs are based on the use of mobile phases with prevalence at
the start of the proportion of polar solvent with a further gradual increase in the proportion of a less polar
solvent. Correlation peaks in the chromatogram is the most difficult task. A convenient technique is the use
of parallel chromatography of standard samples and compare them with the chromatogram of the investigat-
ed object. Standard substance should ideally be more akin flavonoids and have similar chromatographic
properties. When standard substance is chromatographed under the same conditions, but in parallel, it is
called an external standard. Internal standard (added to the investigated sample before putting into the chro-
matograph) must meet the following conditions: in the mixture should not contain analogous substance and
peakof standard must not overlap with any compound in the mixture. Such restrictions are absent in the case
of using an external standard.The advantages of an internal standard is the validation of extraction, sample
preparation, chromatographic procedures. Rutinum is often used as a standard substance for flavonoids, it is
a commercial available product. It is well suited for quantitative analysis of flavonol glycosides. For other
flavonoids which are contained in mixture such commercially available standards as apigenin-7-glucoside —
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for flavone glycosides, catechin — for flavan-3-ols, naringenin — for dihydroflavons, dihydroquercetin —
for dihydroflavonols, daidzein — for isoflavones can be used [13, 14]. For the quantitative analysis the graph
of concentration of the flavonoid versus the area of peak for each standard is constructed. The corresponding
calibration curves can be used for calculation of quantity of the flavonoid represented by each peak of HPLC
chromatogram. Currently, almost disappeared need for the construction of calibration curves due to provision
of chromatographs with computer system which is calculated area of peaks [14].

For the quantitative determination of flavonoids using volumetric methods of analysis. So the method of
complexometric titration of excess lead acetate, is not entered in the deposition reaction with flavonols, has
sufficient selectivity and allows the determination of flavonols in the presence of acetylsalicylic acids,
anthraquinones, coumarins. The method of oxidation of flavonoids with potassium ferrocyanide on
p-phenyl — aptronilic acid also belongs to a titrimetric method of the analysis. However the method is long
and has no selectivity.

Potentiometric titration of the quantitative determination of flavonoids relates to a method of electro-
chemical analysis, based on the measurement of change during the titration of the electrochemical potential
of the electrode immersed in the test solution. Quantitative determination of flavonoids in non-aqueous sol-
vent medium, for example, acetone, dimethylformamide, dimethylsulfoxide by a potentiometric method per-
haps with use as titrant of a hydroxide of a tetracthylammonium or sodium. This method gives more accurate
results, and does not require standard substances for quantifying compared with optical methods. Low sensi-
tivity (required for analysis 0.0005-0.001 g of substance) and poor selectivity for each of the classes difficult
to identify without prior separation of substances in raw materials and total preparations [15].

Reduction of flavonoids on a mercury dropping electrode is the basis for a highly sensitive
polarographic method of the analysis. The method allows to analyze the amount of flavonoids, in terms of
one of connections chosen as the standard. The method gives results more close to the true cooperative con-
tents for flavonoids unlike a spectophotometery of the colored complexes Flavonoids (flavanols) can be de-
fined against the background of 0.4 M ammonium chloride solution at a half-wave potential of 1.5V.
Polarographic method allows the presence of intramolecular bonds, the identification largest half-wave po-
tential, evaluate the reactivity of the individual groups in the molecule. In practice of the pharmaceutical
analysis and in particular industrially the polarographic analysis has difficulties as demands keeping of rig-
orous conditions of the accident prevention during the work with Hydrargyrum. The disadvantages of the
method are its low selectivity because of the close values of half-waves of potentials, in connection with
what is required, as in the case of spectral methods, preliminary separation of substances [16].

In modern science, for the detection and quantification of flavonoids in the plant material is also used
capillary electrophoresis method [17]. The method of a capillary electrophoresis is based on division of
components of the complex mixture in a quartz capillary under the influence of the enclosed electric field.
The microvolume of the analyzed solution is entered into the capillary beforehand filled with the suitable
buffer — electrolyte. After supplying a high voltage to the ends of the capillary (30 kV), the components of
the mixture begins to move through the capillary at different rates, depending primarily on charge and mass
(or rather — ionic radius) and, respectively, at different times reach the detection zone. The resulting se-
quence of peaks called electrophoregrams. Qualitative characteristic of the substance is the retention parame-
ter (during migration), and quantitative — height or peak area, which is proportional to the concentration of
the substance. The advantages of capillary electrophoresis are: high separation efficiency, economy (low
consumption of reagents) and expressivity.

Quantitative determination of the investigated flavonoid compound in the UV- and visible spectra based
on measurement of an optical density at a wavelength in maxima of absorption both solutions of the analyzed
substances, and solutions of their painted complexes. Spectrophotometric determination of the maxima of the
intrinsic absorption is one of the most common methods for the analysis of flavonoids. At the same time
serve as working ranges of lengths of waves as long-wave maxima for flavonoids — 330-370 nm, and
shortwave. Shortwave maxima, although more intense, but in many cases less suitable for analytical purpos-
es due to the small «area» top peak, which leads to large errors in the determination. The relative error of the
direct spectrophotometric determination is + 2—5 % and can be reduced in the differential analysis technique
to 0.5-1.0 %. The working range of concentrations of alcohol, water-alcohol solutions is from 5 to 20 g sub-
stance in 1 ml. With its high sensitivity, the method is not selective because they do not control the content
of each of the substances of the class of compounds [18].

Spectrophotometric or photometric determination by diazotization reaction were previously widely dis-
tributed in the analysis. The reaction is sensitive, but not selective, because along with flavonoids phenolic
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connections, pyrazyl ketones and other classes of connections give this reaction. Even total determination
with this reactant do not show the true content of the studied substances, both in cooperative phytochemical
medicines, and in vegetable raw materials.

Techniques of determination of flavanols on color complex compounds with aluminum chloride, zirco-
nium oxychloride (zirconyl chloride), gallium nitrate have larger specificity. The colored solutions have
maxima in intervals: 385-460 nm with aluminum chloride, 385-500 nm with zirconyl chloride, 400—455 nm
with gallium nitrate. Method using gallium nitrate, allowing quantification of 0.5 pg in 1 mL of the solution,
then zirconium oxychloride — 0.9-1.0 ug and aluminum chloride — 1-2 pg has the greatest sensitivity [19, 20].

Methods of the analysis of flavonoids with cobalt nitrite in the medium of an acetic acid at a wave-
length of 575 nm, and also with zinc and arsenic are described. It is possible to receive the true cooperative
maintenance of flavonoids by training of color complexes with metals only in the presence at connections of
identical quantity of the complexing centers. Despite these drawbacks, a method has been widely used in
determining total flavonoid content in raw materials and total phytochemical preparations. As a standard
used quercetin, kaempferol and their glycosides [9].

A photometric method for determining the complexation reaction with boric acid at a wavelength of
470 nm is widely used in determining the total amount of flavonoid compounds in plants. The technique has
the same disadvantages as the method of complexation with metal salts, and gives higher results but the sim-
plicity and availability of reagent allowed to use them for indicative determinations. As samples are used
aglycones, glycosides of flavones, flavonols, chalcones. Working concentration of solutions 1-10 ug/ml. The
relative error of determination is = 3.35 %.

Borohydride method is most sensitive in the range of spectrophotometric methods for the analysis of
flavanones (up to 0.5-1 ug/mL at wavelengths of 535-560 nm). Despite considerable selectivity, it is not
widely used because of the short time stability of the colored complex and poor reproducibility of results.

Fluorometric method is based on the complexone-forming properties of flavonoids, which is more sen-
sitive than spectrophotometric. It is possible to determine flavonoids quantitatively by this method, if in 1 ml
of solution — 0.05—1 ug of substance. The high sensitivity of fluorometric method allows us to use it for the
preliminary identification of biologically active substances in plant tissues. However, to obtain the correct
results in the analysis of raw materials and phytochemical preparations is possible only after separation of
substances by using various kinds of chromatography.

Chromato-mass spectrometers — method for analysis of mixtures, mainly organic substances and de-
termination of trace amounts of substances in the volume of liquid. The method is based on a combination of
the two independent methods — chromatography and mass spectrometry. With the first method, is per-
formed on the separation of the mixture, using a second — identification and determination of structure of
the substance, quantitative analysis. There are two options of chromato-mass spectrometers: a combination
of mass spectrometry with a gas-liquid chromatography (GC) or HPLC.

The paper contains idea of quantification of flavonoids in elderberry extract, enriched in phenolic acids,
polyphenolic flavonoids and other compounds through the use of mass spectrometry DART (Direct Analysis
in Real Time), which differs from the conventional mass spectrometry in that the ionization of low molecules
from the surface of the liquid or solid objects in the gas allows to do without stages of sample preparation
and chromatographic separation [21].

Conclusions

Flavonoids are extremely multifaceted. Equally, they are interesting as objects of study in Botany,
Pharmacognosy, Phytochemistry, and especially in pharmacy and medicine.

In this paper flavonoids mainly studied from chemical positions. Namely, the basic methods of quanti-
tative determination of flavonoids in herbal drugs are considered. Particular attention is paid to such methods
of analysis as a method of high performance liquid chromatography, spectrophotometry and gas chromatog-
raphy-mass spectrometry. The basis of most of the research is the method of quantitative determination of
flavonoids as set out in the European and British Pharmacopoeia, and is widely used for the standardization
of many raw materials containing flavonoids [22, 23]. It was established that the most reasonable and objec-
tive method for monitoring of biologically active compounds in plant material and summary of phytochemi-
cal preparations is chromato-mass-spectrometric analysis method that allows the identification of individual
flavonoids is not dependent on the presence of extraneous or related compounds.
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P.T. limxymanoBa, b.X. Mycab6aesa, P.C. A6ekora, H.b. Kacenosa

OciMaik muKizaTTarsl (JIABOHOMATEPAI CAHABIK AHBIKTAY JiCTEPi TYypabl

Kermrteren 3eprreyep OoiibiHIIA (hIIaBOHOUITEPre HETI3ereH penaparTap )XoFapsl ICHrel1e icikke Kapehl
Kypanmap Ooibin TaObUIambI, TOTHIFYFAa Kapchl KacHeTTepi 0ap KoHE JKYpPeK KaH-TaMbIp >KYHECiHIH
aypyJlapbIHbIH KayilliH a3aitansl. OIaBOHOMATEPIIH KYH/IBI €PEKIIETiri — OJap/blH YBITTBUIBIFBI TOMEH.
Kasipri ke3ne mopinik Kypangapiarbl (pJaBOHOMATEPl aHBIKTAY YIIiH cIeKTpodoTomMeTpus, abcopOLHsIIBbIK
CIIEKTPOCKONHSL CHSIKTBI, (HM3MKA-XUMMSUIBIK Tanfay oicTepi KEHiHEH KOJJaHbUIAABL 3epTTeleTiH
KOMIOHEHTTep/li XxpoMarorpadusuiblk 6eyaiH op TYpJi BapHaHTTapblH KaMTaMachl3 €TETiH Kypama aictep
Jie KeHiHeH naiinananyna. Kasipri ke3aeri XUMHUSIIBIK JKOHE JIEKTPOXMMHUSIIBIK 9JIiCTEPMEH CaJlbICTBIPFaHAa,
(bH3HKa-XUMHUSIIBIK JKOHE KOMOWHHUPIICHICH Tajlgay OAICTepiHIH KEHiHEH KOJAAHBUTYbI OJap/blH HEFYpIIbIM
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YJIKeH ce3iMTalIbIFbIHA JKOHE ipikTinirine OaitnanbicTel. JKymbicTa ©CIMIIK IIMKi3aTTarbl (GIaBOHOUATEPI
CaHJBIK aHBIKTAY/IbIH XKaHa dJIicTepi jKoHe Ka3ipri Ke3ae KOJJaHbLIaThIH SAICTEePl JaMbITY )KOHIHIeTI onelu
MONIMETTep  TaJaHAbl  KoHe  capanrtangsl.  JKorapbl  HOTWXKeNi  CYHBIKTBIK — Xpomarorpadus,
CrIeKTPO(OTOMETPHUSI KIHE XPOMATOMACCIIEKTPOMETPHSI CHSAKTBI dIicTepre epekiue Hazap Geminzi. JKoraps
HOTHXKETI CYHBIKTBIK XpoMaTorpadus — eTe Te3 KOHE JKAKChl OHAIPIICTIH, 3¢PTTEIETIH 3aTTHIH a3 MOJIIICPiH
KaXeT eTeTiH, CalalblK JKOHE CaHIbIK Talaay/a, 3aTTapAbl IpenaparThik 0ol anyaa KOJJaHbUIATBHIH JJIiC.
OcCIMIIK IUKI3aTTaFbl OMOJIOTHSUIBIK O€NCeHi 3arTapipl OaKbpLIAyIbIH C©H THIMJI JKOHE HAKTBI dJici —
XpomaToMaccnekTpoMeTpus. byn omic Oernme »xoHe (QuiaBOHOMATEpre yYKcac KOCBUIBICTApIbIH OOJybIHA
Toyenci3 Jkeke (aBoHOMATApAbl uaeHTH(UMKauusayFa MyMKiHOiK Oepeni. Kemrteren 3eprreynepain
EyponansIk sxoHe bputan apmaxoneschiHaa KepceTinreH GpIaBOHOMATAP/IbIH CAaHIbIK aHBIKTAy dJliCTepiHe
HEri3/IeNreHi aHbIKTalJIbl.

Kinm ce30ep: ¢naBoHOMITAp, KBEPLETHH, KOFaphl camanbl CYHBIK XpoMarorpadus, creKkTpodoTroMerpus,
KOMILIEKCOMETPHUSIIBIK TUTPIIECY.

P.T. lumxymanoBa, b.X. Mycab6aesa, P.C. A6ekoBa, H.b. Kacenosa

O MeToaaxX KOJMYECTBEHHOTO onpeaeaeHusi GJaBOHOUIOB
B PACTUTEJIbLHOM ChIpbe

MHOro4HClIeHHbIe HCCICI0BAHMU TOKA3bIBAIOT, YTO MPEHapaThl, CO3/IaHHbIC Ha OCHOBE (pJIABOHOMIOB, SIBJIS-
I0TCSl BBICOKOA()()EKTUBHBIMH TPOTHBOOITYXOJICBHIMU CPEACTBAMH, 00Jaal0T aHTHOKCHAAHTHBIMU CBOWCT-
BaMH, CHIDKAIOT PHCK 3a00JIeBaHMi CeplIeyHO-COCYAUCTON CHCTeMBbl. B HacTosiiee Bpemst A1 uAeHTH(HKa-
UM U KOJIMYECTBEHHOTO OIIPEeIeHHsT ()JIABOHOUIOB B JICKAPCTBEHHBIX CPEACTBAX IMIMPOKO HCIOJIB3YIOTCS
(U3UKO-XMMHUYECKHE METOIbl aHalM3a, Takhue Kak CreKkTpodoromerpus, abCOpOIMOHHAS CIIEKTPOCKOIHSI.
OpnHako Bce OoJblee paclpOCTPaHCHUE MOTYJaroT KOMOWHHPOBAHHBIE METOMbI, BKIIIOYAIOIINE PA3IHIHBIC
BapHaHTEl XpoMaTorpaduueckoro pasjeiaeHus HccieayeMbx koMrnoHeHToB. lllupokoe mcnons3oBanne ¢u-
3MKO-XMMHYECKUX 1 KOMOHHHUPOBAHHBIX METO/IOB aHAIIK3a, B IEPBYIO OYEpe/ib, CBSI3aHO C TEM, YTO 3TH Me-
TOJBI 00JIA/IAI0T 3HAYUTEIBHO OOJTbIIICH YyBCTBUTEIBHOCTHIO M CEJICKTUBHOCTHIO [0 CPABHEHHUIO C COBPEMEH-
HBIMH XMUMHYECKHUMH U JJICKTPOXHUMHUYECKUMU MeTogaMu. B pabore 06001ieHb!l 1 MpoaHaTM3upOBaHbI JIUTe-
paTypHbIe JaHHBIE MO pa3pabOTKe HOBBIX, @ TAKXKE PA3BUTHIO U MPUMEHEHHUIO CYIIECTBYIOIIMX METOJOB KO-
JIMYECTBEHHOTO ONPEAENICHUs (IaBOHOUIOB B PACTUTENHHOM chIpbe. Oco0oe BHUMaHHE y/eTIeHO TaKuM Me-
TOJIaM aHaJN3a, KaKk METOJ BhICOK03((eKkTHBHOI sxuakocTHON xpomaTtorpaduu (BOXKX), cnekrpoporomer-
pust u xpoMmaromaccrekrpomerpusi. Meronq BOXKX sBiseTcss OBICTPBIM, XOPOIIO BOCHPOU3BOANMEBIM METO-
JIOM, KOTOPBIA TpeOyeT Majoro KOJMIecTBa aHAIH3HPYEMOTO BEIECTBA M HUCIIONB3YeTCs I KOJIMIEeCTBEH-
HOT0, Ka4eCTBEHHOI'0 aHajM3a U MPenapaTHBHOro BbiaeeHus. Hanbosee OCTYHBIM U 0ObEKTHBHBIM METO-
JIOM KOHTPOJIsi OMOJIOrMYECKH aKTHBHBIX COSAMHEHHH B PACTHUTEIBHOM CHIPHE SIBISICTCS XPOMATOMACCIICK-
TPOMETPHUYCCKHI METOJ| aHaIK3a, MO3BOJISAIOINA HACHTU(UIUPOBATh OTACIbHBIC (HJIAaBOHOHIBI HE3aBUCUMO
OT MPHUCYTCTBHS HOCTOPOHHUX MJIM POJICTBEHHBIX COSIHMHEHHU. Y CTAHOBICHO, YTO OOJIBIIMHCTBO UCCIIEI0Ba-
HUM OCHOBaHBI HA METOIMKAX KOJMYECTBEHHOTO ONpeieNieHns (pJIaBOHOUAOB, N3JI0KEeHHbBIX B EBponelickoii u
Bpuranckoit (hapmakomnesx ¥ MUPOKO MPUMEHSIEMBIX Ul CTaHIapTH3AIl[Md MHOTHX BHJIOB CHIPBS, COJEpKa-
mUX (IIAaBOHOHIBL.

Knouesvie cnosa: q)HaBOHOHIIbI, KBCPUCTUH, BI)ICOKOS(b(i)eKTI/IBHaSI JKUAKOCTHAA XpOMaTOFpaq)I/ISI, CIICKTPO-
q)OTOMeTpI/ISI, KOMILJICKCOMETPHUICCKOE TUTPOBAHUE.
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Thermochemistry of new holmium-calcium tellurite

The new double holmium-calcium tellurite was synthesized by the ceramic technology. The formation of the
equilibrium composition of the compound was monitored by X-ray diffraction. Double tellurite of holmium
HoCaTeOy, 5 has been synthesized according to the results of X-ray analysis. Calorimetric investigation of the
heat capacity of the new double tellurite HoCaTeO, 5 was carried out for the first time in the range of 298.15—
673 K. Calibration of the device was carried out on the basis of determining the thermal conductivity of a
heat meter. The calorimeter performance was checked by measuring the heat capacity of a-Al,Os. The exper-
imental data and the specific molar heat capacities have been processed by methods of mathematical statis-
tics. The dependence equation Cp°~f (7) has been derived on the basis of experimental data. According
C,,°~f(T) and the calculated value of $°(298.15) of tellurite the temperature dependence of the thermodynamic
functions H(T)-H"(298.15), S°(T) and @*(T) have been determined. Abnormal jumps have been observed on
the dependence Cp°~f (7) associated probably with the phase transitions of the second order. The thermody-
namic characteristics of the new tellurite can serve as source materials for inclusion in fundamental data
banks and reference books, used to predict the thermochemical constants of similar compounds.

Keywords: calorimetry, holmium-calcium tellurite, heat capacity, phase transitions, thermodynamic func-
tions.

Almost all processes observed in nature are associated with the transformation of energy by the absorp-
tion or release of heat. Knowledge in this area allows to understand better the structure of molecules, thermal
effects of physical processes or chemical reactions and many biological phenomena, to optimize production
processes and, and taking into account entropy, to identify the conditions of chemical equilibria. Information
about the values of thermal effects and the nature of their occurrence is one of the main in the practice of re-
search and in the optimization or control of many industrial processes.

Compounds of tellurium, which include little-studied complex oxo-compounds, in particular, double
tellurites of s-f~elements, raise some interest because of their semiconducting, piezoelectric and ferroelectric
properties.

At the Department of inorganic and technical chemistry of the Karaganda State University named after
academician Ye.A. Buketov systematic research on search and the development of scientific bases of di-
rected synthesis of new oxo-compound of tellurium and selenium which have unique physical properties has
been carried out [1, 2].

The aim of this work was to study the calorimetry of new tellurite HoCaTeO, s in the temperature range
0f298.15-673 K.

Double holmium-calcium tellurite with HoCaTeO, s composition was synthesized by the ceramic tech-
nology from holmium (III) oxide, tellurium (IV) oxide, and calcium carbonate of «chemically pure» grade.
In our previous work [3] the method of synthesis and radiographic characteristics of this compound were
described. Formation of the equilibrium composition of the compound was monitored by the X-ray analysis.
The powder X-ray diffraction pattern of each compound was indexed by means of homology. The correct-
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ness of the indication is confirmed by the good agreement between the experimental and calculated values
10*/d”* and the agreement between the X-ray and pycnometric densities.

The heat capacities of double holmium-calcium tellurite were studied via dynamic calorimetry on an
commercial IT-S-400 calorimeter in the temperature range of 298.15-673 K. The calibration of an instru-
ment was carried out on the basis of determination of thermal conductivity of the calorimeter K; [4]. Several
experiments with copper sample and an empty vial were carried out for this purpose. The thermal conductivi-
ty of the calorimeter was determined by the formula

KT: Ccop. sample/ (T ™ — TO T): (1)
where Ceop sampie — full heat capacity of the copper sample, J/(mol-K); T 7, — the average time delay in the

calorimeter in experiments with a copper sample, s; T°; — the average value of the time delay in experi-
ments with an empty ampoule, s.

Full heat capacity of the copper sample was calculated by the formula

Ccop.samplc. = CM'msamplca (2)

where C,, — the tabular value of the specific heat capacity of copper, kJ/(kg-K); msmple. — the mass of the
copper sample, kg.

The specific heat capacity of the test substance calculated by the formula
¢, =2z, -1, ()

sp.
0

where K7 — the thermal conductivity of the calorimeter; m, — the mass of the test substance, kg; T, — the
time delay of the temperature in the calorimeter, s; 1) — the time delay of the temperature of the calorime-

ter in experiments with an empty ampoule, s.
Then, values of the molar heat capacity were calculated from the values of specific heat by the formula
Cyu=Cy M, 4)
where C,, — specific heat of a substance, J/(g-K); M — the molecular weight of substance, g/mol.
Five parallel experiments were carried out at each fixed temperature, the results of which were pro-
cessed by methods of mathematical statistics [5]. For the average values of the specific heat capacities at
each temperature the standard deviation d [J/(g-K)] was calculated according to the formula

5o [3le=e)” 5)
i n—l ’
where n — the number of experiments; ¢; — the measured specific heat capacity; ¢ — the arithmetic mean
of the values of the specific heat capacity.
Random component of error was calculated for average values of molar heat capacity

A, %% = 100, (6)
C

where A — the random component of error; ¢, — Student's ratio is equal to 2.78 for n =5 at p = 0.95. The
random component of the error (A ) is expressed in J/(mol-K).

Operation of the calorimeter was tested by measuring the heat capacity of a-Al,O;. The resulting
Cp0(298.15) for 0-Al,O; =76.0J/(mol-K) was in satisfactory agreement with the reference value
(79.0 J/(mol-K) [6]. The results of the study of the heat capacity of the synthesized holmium-calcium
tellurite are presented in the Table 1.

From the results given in the Table 1, it is seen that error components in measuring heat capacities on
the IT-S-400 calorimeter does not exceed (10 %) in the entire temperature range [7].

In studying the temperature dependences of the heat capacities of double holmium — calcium tellurite
at 398 and 548 K, we observed abnormally peaks associated probably with second-order phase transitions
(see Fig.). These transitions could be due to the redistribution of cations, with the change in the coefficient of
thermal expansion and changes in the magnetic moment of the double tellurite synthesized.

Based on the experimental data (Table 1) with considering the temperatures of second-order transitions
there has been derived the equation of temperature dependence for the compounds heat capacity
G, [J/(mol K)]

C'=a+bT+cT?, (7)
the coefficients of which are given in the Table 2. The error in the coefficients of dependences Cp0~f (T) was
determined using average values of random errors for the considered interval of temperatures.
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Table 1
Experimental specific and molar heat capacities of HoCaTeQ, 5
T,K C,18,l/(g-K) C, 1A, J/(mol-K)
298.15 | 0.7530 +0.0008 305+0
323 0.8063 + 0.0253 326+ 10
348 0.8441 +£0.0013 342 £ 1
373 0.9793 +0.0475 396 + 19
398 1.0406 £+ 0.0001 421+0
423 0.5664 + 0.0004 229+0
448 0.6059 £ 0.0177 245 +7
473 0.6324 £+ 0.0046 256 £2
498 0.6830 + 0.0009 276 +0
523 0.7898 + 0.0409 320+ 17
548 0.8262 £ 0.0007 334+0
573 0.6583 + 0.0609 266 + 25
598 0.6376 + 0.0000 258 +0
623 0.5696 + 0.0062 230+3
648 0.5080 + 0.0233 206 +9
673 0.5016 £ 0.0001 203 +£0
4()();— 5
1
|
350~ /
o j
3
g 300
=
ol b
250 \
200 ; . . | é
323 423 523 623
T,K
Figure. The temperature dependence of heat capacity of HoCaTeOy, s
Table 2
Coefficients of equation (7) in the range of 298.15—673 K for holmium-calcium tellurite
Coefficients
a b-107 c10° ALK
—(1089.9+33) 315.7+0.09 402.9+12 298.15-398
3475.3+104 —(767.4+0.23) — 398423
—(1171.2435) 226.8+0.07 789.4+24 423-548
—(1405.2+42) 146.9+0.04 2806.7+84 548-673

Due to the fact that the technical characteristics of the device do not allow direct calculation of the
standart entropy S$°(298.15) of tellurites from the experimental data on Cp0~f (7), it was estimated by means
of Kumok’s ion increments [8].
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Based on known correlations using experimental data on Cp0~f (T), and the estimated values of
5°(298.15) the temperature dependences of thermodynamic functions were calculated. The thermodynamic
functions H(T)—H"(298.15), S°(T) and @*(T) was calculated by the following formulas:

T
HT) — H'(298.15) = ng‘lscng; (8)
T
— P .
S%T) = 5°(298.15) + ng T ; )
. H°(T)-H"(298.15
@7(n)='r) - DRI, (10)
The results are presented in the Table 3.
Table 3

Thermodynamic properties of tellurite HoCaTeQ,s in the range of 298.15-673 K

T.K CUD+ A, S+ A, H(T) - H'(298.15) + A, (1) + A,
J/(mol-K) J/(mol-K) J/mol J/(mol-K)
298.15 305+ 0 188 + 19 - 188 + 19
323 316 £ 10 211 +£21 7383 + 464 189+ 19
348 341+ 1 234 +23 14967 + 941 191+ 19
373 377+ 19 257 +26 23373 + 1470 195+ 19
398 421+0 283 +28 33102 +£2082 199 + 20
423 229+0 302 +30 41227 +£2593 205 £ 20
448 238 +7 316 £32 47044 + 2959 211 £21
473 254+ 2 329+ 33 53175 + 3345 217 +22
498 276+ 0 343 + 34 59787 £ 3761 223 +£22
523 303+ 17 357+ 36 67015 £ 4215 229 +23
548 334+ 10 372 +37 74970 £ 4716 235+23
573 291 +£25 386 + 39 82762 + 5206 241 + 24
598 258+ 0 397 +£40 89608 + 5636 248 + 25
623 23343 407 £ 41 95730 + 6021 254+ 25
648 215+9 416 £42 101318 + 6373 260 + 26
673 203+ 0 424 + 42 106533 + 6701 266 + 27

For all values of heat capacity and enthalpy over the whole range of temperatures there were evaluated
average random components of the error, and for the values of entropy and thermodynamic potential the ac-
curacy of the calculation of entropy (£3 %) was included to the estimation of error.

Thus, for the first time the capacity of the new holmium-calcium tellurite in the range of 298.15-673 K
has been investigated by the method of dynamic calorimetry. Equations of temperature dependence were de-
rive and thermodynamic functions C,°(7), S%(7), H(T) — H(298.15) and @*(T) of the double tellurite syn-
thesized were determined. A-Like effects attributable to a second-order phase transition were detected on the
curve of dependences Cp0~f (7). The existence of a second-order phase transition indicates that this com-
pound could have unique electrophysical properties. Thermodynamic characteristics of the new tellurite can
serve as the starting materials for inclusion in basic data banks and references and can also be used for di-
rected synthesis of new derivatives of chalcogens with desired properties.
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K.T. Pycrem6ekos, E.C. JlazapeBa, M. Ctoes, B.H. ®omun, J[.A. KaiikeHoB

I'onbMuii-KaabIUi JKaHA TEJJIYPUTIHIH TEPMOXUMMSCHI

KepamukanblK TEXHOJOTMSAMEH JKaHA I'OJIbMHH-KAJIBLUH KOC TEIIypHUTi cuHTe3zenni. KochblUbICThIH Tere-
TeHIIK KYpaMbIHBIH Ty3Ulyi peHTreH(asanblk Tanmay oniciMeH OaxputaHibl. Penrtrendasansik Tanmay
Hotmkeci oA HoCaTeO, s roinbMuit KOC TeIUTYpUTIHIH CHHTE3/IeIreHI aHbIKTa bl AJrram pet 298,15—
673 K apanbireiaga xana HoCaTeOy s KOC TEIUTYpHTIHIH KbUTY CBHIMBIMIIBUIBIFEI KaJOPUMETPIIK JIiCIICH
3eprrenni. KypbUIFBIHBIH TpagyHpiieHyi SKbUTy OJIIEYIIITiH >XBUTYJBIK OTKI3TIIITITiH aHBIKTAy Heri3iHme
xKy3ere acelpbuiibl. Kamopumerpain skyMbIchl o-AlyO3-TiH JKbITYy CHIABIMABUIBIFBIH OJIICYMEH TEKCEepiii.
MeHIIIKTI JKOHE MOJBIIK JKbUIy CHIABIMABUIBIKTAPBIHBIH TOKIPHOSTIK MoIiMETTepi MaTeMaTHKAaJbIK
craTucTUKa dmicrepimer emHzenai. ToxipuOenik MamiMeTTepAiH Herisinae C,,°~f(T) TOYENITIK TeHIeYi
LIBIFAPBUIBL. C,,°~f(T) JKOHE TEJUTYPUTTIH €CeNTeNreH 5°%(298.15) moHi Goiibinma H(T) — H°(298.15), S%(T)
xone @ (T) TepMOIMHAMHUKAIBIK (hYHKIHSUIAPBIHBIH TEMIICPATYPAIbIK TOYEIAUTIKTEP] aHBIKTAIIBL. Cp0~f ©))
Toyenninirinae, II TexTi aybicymeH 60Iysl MYMKIH, KYPT aHOMAJIIBI ceKipyiep Oaiikannsl. XKaHa TeIuTypuTTiH
TEpMOAMHAMUKAIBIK CHIATTaMallapbl ipredi MoniMerrep OaHKiHE »JKOHE aHBIKTaMajlapra OacTaIKsl
Marepuaigap OOJybl BIKTHMAJ, COJI CHSKTBI YKCac KOCBUIBICTAp/ABIH TEPMOXHMMSUIBIK KOHCTaHTAIAphIH
GoipKayna KOJIaHbUTYbl MYMKiH.

Kinm ces3oep: xanopumeTpHs, TOIbMHUN-KaIbLUA TEJUTYPUTi, KbUTYy CHIMBIMIBUIBIFEL, (ha3ajblK TYpIIEHYIEp,
TEPMOJANHAMUKAIBIK QyHKIHUSIAP.

K.T. Pycremb6exos, E.C. JIazapeBa, M. Ctoes, B.H. ®omuH, J[.A. KaiikenoB

TepMOXI/IMI/IH HOBOTI'O TCJUIYpUTA I'OJbMUA-KAJbIIUSA

Ha ocHOBe kepaMn4eckoi TEXHOJIOTMH CHHTE3UPOBAH HOBBIM ABOMHOH TeTypuT roiapMus-kamsuug. OOpa-
30BaHHE PABHOBECHOI'O COCTaBa COCAMHEHUS] KOHTPOJIMPOBAIN METOJOM PEHTreHO(ha30BOro aHajn3a, o pe-
3yJIbTaTaM KOTOPOTO OBLIO YCTAHOBJEHO, YTO CHUHTE3UpOBaH ABOHHOHN Temnyput roiapMusi HoCaTeOys.
Brepseie B unTepBasie 298,15-673 K npoBeneHo KaJopHMETPUUECKOE UCCIeI0OBAaHUE TEIIOEMKOCTH HOBOTO
nsoitaoro temryputa HoCaTeO, s. I'pagynpoBky npubopa oCyIIecTBISUIN Ha OCHOBAHUH ONpPEJETICHHS Tell-
JIOBOH IPOBOJMMOCTH TeruioMepa. IIpoBepKy paboThl KaJlopuMeTpa NPOBOJHIN U3MEPEHHEM TEIUIOEMKOCTH
a-AlO3. DKcriepuMeHTalIbHEIE JaHHBIE yASIBHONH U MOJIBHOM TEII0eMKOCTeH 00paboTaHbl METOJAMH MaTe-
MaTHUYeCcKOH cTaTUCTUKN. Ha OCHOBE SKCIIEpHMEHTAIBHBIX JaHHBIX BEIBEICHO YPaBHEHUE 3aBUCUMOCTH Cp°~f
(7). Tlo Cp°~f (7) 1 BeIuKCIEHHOTO 3HAaYeHMs S°(298,15) TEJUTYpUTa, OIIpEeICHbl TeMIIepaTypHbIE 3aBHCUMO-
e TepmoauHammaeckux dyuxuuit H(T) — H°(298,15), S%(T) u @™(T). Ha 3aBucumocty Cp°~f (T) nabio-
JIAI0TCSl aHOMAJIBHBIE CKauKH, CBSI3aHHBIE, BEPOATHO, ¢ (asoBbiMu nepexonamu Il pona. TepmonuHamuueckue
XapaKTEePUCTUKKM HOBOTO TEJTyPHTA MOTYT CIYXKHUTh HCXOIHOI MH(OpManueil 1yt BKIIoYeHUs B QyHIaMeH-
TaJbHbIE OAHKH JAHHBIX M CIIPABOYHUKH, A TAKXKE HCIOJIL30BAHbI I IIPOTHO3UPOBAHUS TEPMOXHMHUYECKIX
KOHCTAHT aHAJIOTHYHBIX COCTMHCHUI.

Knioueswvie cnosa: KaJIOpUMETpPUs, TCIIIYPUT I'OJIbMUA-KAJIbIUA, TCINIOEMKOCTD, (1)a3013f,le nepexoanl, TECPMO-
JUHAMUYCCKUC (1)yHKIII/II/I
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Solvothermal synthesis of BiOCI nanoplates
with excellent photocatalytic activity for dye degradation

A two-phased solvothermal method was employed to synthesize BiOCI nanoplates using Bi(NO;);-5H,0, so-
dium oleate and KCl as the starting materials. The phases, morphology and optical property of the products
were characterized by X-ray powder diffraction (XRD), transmission electron microscopy (TEM) and UV-vis
diffuse reflectance spectroscopy (DRS). XRD and TEM images showed that the BiOCI nanoplates have a te-
tragonal phase with the lateral length of 50-100 nm. DRS exhibited that the obtained BiOCI samples have
great absorption in the ultraviolet light range. Methyl orange (MO) and Rhodamine B (RhB) were used as the
target degradation to assess the photocatalytic properties of the samples. Under UV irradiation, the degrada-
tion rate of MO and RhB was reached to 96.3 % and 97.7 % within 30 min. The results indicated that the
BiOCl nanoplates have great potential applications in dye degradation.

Keywords: BiOCI nanoplates, two-phased solvothermal method, photocatalytic, dye degradation.

1 Introduction

Water is essential to human life, industrial and agricultural production of natural resources. During the
last few decades, the dye using caused serious environmental pollution, especially water pollution. Textile
industry is rated as one of the most polluting sector among the different human activities due to their high
discharge volume and effluent composition [1]. Solving the dye wastewater problem has become a hot topic
of concern in the world. To date, semiconductor photocatalysis has attracted increasing attention as a poten-
tial environmental technology for wastewater remediation [2]. Photocatalysis is one of the most promising
methods for environmental protection. It is friendly to the environments and has a relatively low cost. Thus,
heterogeneous photocatalysts with high activities have attracted considerable interest

Recently, bismuth-based photocatalysts have received tremendous attention due to its unique layered
structure that helps the separation of photo-generated electron-hole pairs [3]. Among them BiOCl as one of
the most important bismuth oxyhalides, the predicted energy gap value is 3.3 eV, belongs to the indirect band
gap semiconductor characteristic. In indirect bandgap semiconductor material, composite of electron-hole
pairs can be conducted only by electron emission or absorption, which reduces the combination probability
of photo generated electrons and holes [4]. Therefore, indirect jumps the characteristic and open style lami-
nated structure at the same time exists is advantageous to the electron-hole effective separation and the elec-
tric charge transfer, causes that BiOCI have the good photochemical catalysis activity and the stability [5]. It
has been revealed that the photocatalytic properties of BiOCI are not only related with the morphology but
also synthetic methods. Various BiOCl nanostructures including nanobelts [6], nanowires [7], nanofibers [§],
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nanoplates [9] and 3D hierarchical nanostructures [10, 11] have been fabricated via different synthetic
routes, such as hydro/solvothermal method [12, 13], ionothermal synthesis [14], template-assisted synthesis
[15], microwave-assisted synthesis [16] and hydrolytic synthesis [17, 18]. The prepared samples in terms of
performance need further improvement, and the synthesis conditions are relatively harsh. In recent years,
lamellar structure BiOCI materials have attracted much attention [19, 20]. Owing to its unique electronic,
magnetic, optical, and catalytic properties, which mainly arise from their large surface areas [21]. Therefore,
exploring a facile method to prepare BiOCl nanoplates structure with excellent photocatalytic activity for
dye degradation is still desired.

In this paper, a two-phased solvothermal method was employed to synthesis BiOCl nanoplates. The
photocatalytic activities of the as-prepared samples were evaluated by degradation of MO and RhB under
UV light irradiation. The as-prepared BiOCl sample showed excellent photocatalytic activity for the degrada-
tion of MO and RhB, which was prepared without the presence of CTAB or NaOH. The degradation rate of
MO and RhB was approached to 96.3 % and 97.7 % within 30 min under the same conditions. It is expected
that the present study could be great potential value in photocatalytic activities.

2 Experimental

2.1 Preparation of photocatalyst

All of the reagents were analytical grade and were used as received. In a typical synthesis process,
2 mmol of Bi(NO;);-5H,0 and 6 mmol of sodium oleate were put into 200 mL three-necked flask containing
15 mL of deionized water, 15 mL of ethanol and 30 mL of hexane. After stirred at room temperature for 1 h,
the flask was moved into an oil bath and refluxed at a temperature of 70 °C for 30 minutes. Finally 4 mmol
of KCl was added for heating backflow with stirring for 1 h. After cooled down to room-temperature, the
mixture was transferred into a 25 mL capacity Teflonlined stainless steel autoclave, and kept at 180 °C for
12 h, and finally cooled to room temperature naturally. The product was washed with deionized water and
ethanol for three times. The final products were then dried at room temperature for further characterization.
This sample was denoted by BiOCI-1. For comparison, the BiOCI samples prepared by adding 6 mmol
CTAB or NaOH with stirring of 30 min before the addition of KCI under the same conditions was denoted
by BiOCl-2 and BiOCI-3, respectively. Another comparison sample was prepared by just refluxing for 2 h
without the solvothermal treatment, which was denoted by BiOCI-4.

2.2 Characterization

The crystal structure of the samples was determined by X-ray diffraction (XRD, BRUKER D2 with
Cu K, radiation (A = 1.54178 A)). The microstructures of the samples were characterized by transmission
electron microscopy (TEM, Hitachi H-600). The optical properties of the samples were tested by UV solid
reaction instrument (Shimadzu UV-4802S PC).

2.3 Photocatalytic activity measurement

For photocatalytic measurement, take MO and RhB as the target degradation. 20 mg catalyst dissolved
in 50 ml 10 mg/L MO and RhB solution respectively. Before the lighting, the suspensions were magnetically
stirred in dark for 1 h in photochemical reaction apparatus (Xu Jiang machine plant in Nanjing XPA) to reach
the adsorption-desorption equilibrium and then exposed to light from a 100 W Hg lamp. The suspension has
been given time interval for liquid. Fetched suspensions was fed into a centrifuge tube, then placed the mix-
ture in a centrifuge (Shanghai Anting Scientific Instrument Factory TCL-16C) in 10000 r/min centrifuged for
5 minutes to remove the catalysts. The suspensions were analyzed on a UV-vis spectrophotometer (Shimadzu
UV-2550 PC) for testing analysis. The percentage of degradation is reported as C/Cy, where C is the concen-
tration of the dyes for each irradiated time, and C, is the starting concentration.

3 Result and discussion

3.1 XRD and TEM

Figure 1 showed the XRD patterns of the as-prepared samples. All of the diffraction peaks can be tallied
with the standard card peaks of BiOCIl (JCPDS card no. 06-0249) except the weak reflection of Bi;OsCl, in
the sample BiOCI-3. The peaks were narrow and strong, indicating that the as-prepared samples had good
crystallinity. The XRD pattern of BiOCl-4 revealed a small amount of BisOsCl, impurity.
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Figure 1. XRD patterns of BiOCI powder prepared at different conditions

Figure 2 showed the typical TEM images of the BiOCI samples. It is clearly observed that the samples
consist of nearly regular sheets with a large distribution of 50—100 nm. As shown in Figure 2(a), BiOCI-1 has
a clear sheet structure. This nanoplate dispersed well and there is no significant agglomeration. The sample
BiOCI-2 shown in Figure 2(b), has larger sizes and serious agglomeration. Figure 2(¢) showed BiOCI-3
nanoplate with a smaller size and obvious aggregation. BiOCl-4 (Fig. 2(d)) showed the morphology of the
block structure. It can be concluded that BiOCI-1 has a more uniform particle size and better dispersion.

(a) — BiOClI-1; (b) — BiOCI-2; (¢) — BiOCl-3; (d) — BiOCl-4
Figure 2. TEM images of BiOCl

Figure 3(a) showed the UV-vis diffuse reflectance spectra of the BiOCI samples. It can be seen that all
the absorption peaks occurred at about 380 nm, which is consistent with the reported absorption edge of
BiOCl [5]. Figure 3(b) is band gap of BiOCI samples, which was calculated by the following equation
[22, 23].

ahv=A(hv — Eg)"?, (1)

Where a, v, 4 and E, represent the meaning of absorption coefficient, the frequency of the incident
light, scaling factor and bandgap energy, respectively. Among them, the value of n depends on the type of
semiconductor bandgap. The direct band gap semiconductor and indirect band gap semiconductor have dif-
ferent n value, and the value of n for indirect bandgap semiconductors is 4 [24, 25]. The band gap can be es-
timated by Tauc plot as shown in Figure 3(b). The band gaps of the as-prepared BiOCI samples were in the
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range of 3.0 eV to 3.25 eV. Wherein, the band gap of BiOCI-1 was 3.25 eV. The BiOCI-1 sample exhibited
wide ultraviolet absorption region and high light absorption, meaning that more electron-hole pairs can be
produced under the UV irradiation, which would benefit its photocatalytic performance as shown below.

25
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Figure 3. UV-vis diffuse reflectance spectra of BiOCl samples

3.2 Photocatalytic activity of BiOCI

The photocatalytic activities of as-synthesized BiOCl nano-plates have been evaluated by degradation
of MO and RhB solution ultraviolet light irradiation. Figure 4 (a—b) shows the absorption spectra of MO and
RhB solutions (10 mg/L) in the presence of BiOCI-1. The characteristic peak of MO at 4 = 463.5 nm and
RhB at 4 = 663 nm weakened gradually along with the illumination time extension. When the illumination
time was 30 min, the basic characteristic peaks were merely vanished. As a comparison, the photocatalytic
activities of the other samples were checked under the same conditions. This indicated the as-prepared
BiOCI has the excellent photochemical catalysis activity for both acid dyes and basic dyes. Figure 4(c—d)
displayed the dye degeneration performance of BiOCI nanoplates prepared under different synthesis condi-
tions. As showed in Figure 4(c—d), the dark adsorptions of MO and RhB were as low as 3 % and 9 %, respec-
tively, showing almost no dye adsorption performance. When UV lamp was turned on, it was found that the
sample of BiOCI-1 showed the highest catalytic activity among the samples and the degradation rate can
reach to 96.3 % and 97.7 % within 30 min.
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Figure 4. Spectral changes BiOCI-1 sample to ultraviolet MO and RhB solution absorption (a—b);
BiOCI-1 sample for photocatalytic degradation of MO and RhB solution percentage (c—d)
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4 Conclusions

In summary, the 2D sheet structure BiOCI nanoplates were synthesized through a two-phased
solvothermal method. The lateral sizes of the nanoplates are in 50-100 nm range. The X-ray diffraction anal-
ysis indicates that the product is pure phase tetragonal BiOCl. The dye degradation experiment revealed its
excellent catalytic performance for degradation of MO dye and RhB. The BiOCI nanoplates showed poten-
tial applications in the degradation of organic wastewater fields. This work provides a facile method for the
synthesis of high photocatalytic activity BiOCl nanoplates.
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Xait Tay JIro, bay JIun Way, [llay Man, )Ku Kan JKuan, A.b. Tareesa,
Cunraii Cy, I'T". baiikenoBa, M.W. Baiikenos, A. CaTsi0aniux

BosirpluTapabiH AerpaganusicblHA APHAJIFAH KOFAPbl GOTOKATATMTHKAIBIK
oescensii BIOCl HaHOOe/IIIEKTEPiHiH COTbBOTEPMAJIAbI CHHTE3]

Exidazansl conpBoTepmanapl omic Goibiaima BiOCl HaHOKaOBIKIIANApblH CHHTE3[ACY YIIiH OacTamkbl
marepuan peringe Bi(NOs);-5H,O, natpuit oneatsr sxone KCl xonmmansuigsl. TysIHABIIapIBIH (a3achH,
MOP(QOJIOTHSCHIH KOHE ONTHKAIBIK KACHETTepiH CHUIIATTay YIIIH PEeHTreHIIK YHTaKTHIK mudpakius (XRD),
anekTpoHbIK Mukpockonust (TEM), yneTpakyirin criektp adimarsiaga (DRS) nnddy3usibIK marsUIBICTEIPY
criekTpockonusl maiinaneniasl. XRD sxeme TEM cyperrepi BiOCl HaHOKaOBIKIIAIApBIHBIH JIATE€PAJIIBL
y3biH bl 50—100 HM, mimiHi TeTparonanasl exeHin kepcerti. BiIOCI ajbiHFaH yariiepi ynbTpakyJirin caye
aifiMarbIH/Ia JKOFaphI CiHipy KabineriMeH cumartanateiibii DRS kepcerti. Yirinepain (poToKaTaauTHKAIbIK
Kacuertepin Oaramay yumiiH merunopamx (MO) xone pomamua B (RhB) kompmanbuimpl. YisTpakyirin
coyinecinne MO sxone RhB perpananmsuiay sxeuigamuasirsl 96,3 % u 97,7 % peiiin 30 MUH apaybIFbIHIA
skorapianbl. KopbIThIHABI HOTHXKeci Oosiynbl asaiity Oapeichinga BiOCl nanoOemiiekTephiH aneyerTi
KOJIIaHy aiiMarbl apTaTBIHABIFBIH KOPCETTI.

Kinm coe30ep: BiOCl HanokaObIKIIANap, ekida3zaisl coTbBOTEPMAIIBI 9M1IC, POTOKATAIUTHKAIBIK KacCHEeTTep,
KYJIABIpay.

Xait Tay JIro, bay JIun Hay, [llay Man, )Ku Kan Kuan, A.b. Tareesa,
Cunraii Cy, I'I'. baitkenoBa, M.U. baitkenos, A. Catbiboananx

CoabBoTepMaibHbIA CHHTE3 HAHOIIACTHHOK BiOCI ¢ BbICOKOI
dorokaranuTHYECKON AKTHUBHOCTHIO IJIA IerPalallui Kpacuresen

Jst cunTesa HaHommactuHOK BiOCl ncnonp3oBanu 1Byx(a3HbIA CONEBOTEPMAIBHBIA METOH C IPUMEHEHUEM
B KauecTBe MCXOAHbIX MarepuaioB Bi(NO;);-SH,0, oneara natpus u KCIl. ®a3bl, Mopdosorust u onrude-
CKHE CBOWCTBA MPOAYKTOB XapaKTEPU30BAIKCh METOAaMH PEHTTEHOBCKOU mopoikoBoi audppakuuu (XRD),
npocseunBatoniel anexTpoHHoi Mukpockonuu (TEM) u cnekrpockonuu nuddysnoro orpaxenus B Y D—
BuanMoi obnactu crekrpa (DRS). U3o6paxenns XRD u TEM nokazanu, uto Hanomnactunsl BiOCl umerot
TeTparoHansHyIo (asy c garepanbHoi mmuHON 50-100 HM. DRS nokasan, uto nomydennsie oopasmusl BiOCl
o0J1afaroT OOJIBIINM IOTJIOIICHUEM B JIHaNa30He yIbTpadHoIeToBOro cBera. [ oneHkn (GoTokaTanuTHie-
CKHMX CBOMCTB 00pa3IoOB Ul IeTpajalliyl UCTIOIb30BATIN KPAaCUTEIN METWIOBEIH opamkesslii (MO) u poxa-
muH B (RhB). I[Ipn Y®-06myuenun ckopocts aerpaganuu MO u RhB nocrurana 96,3 % u 97,7 % B TeueHue
30 muH. Pe3ynbrathl mokaszanu, 4to HaHomtacTHHBI BiOCl nMeroT OoJbIION MOTSHIWAT IS JIeTpajandi
KpacuTesel py UX NPUMEHEHHN.

Kniouesvie cnosa: nanomnactuaku BiOCl, nByxda3Hblii CONbBOTEpMAaNbHbIH METOA, (pOTOKATAIUTHICCKHE
CBOICTBA, Jerpajanus.
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The effect of the industrial zone on the chemical composition
of some medicinal plants

Biological characteristics of medicinal plants is largely determined by the place of their growth. This article
presents the results of a study the influence of the industrial zone on the vegetation, the study of the influence
of anthropogenic factors on the chemical composition of medicinal plants — hawthorn, sea buckthorn, yar-
row growing in different conditions. The impact of industrial natural geotechnical systems is considered by
the influence of JSC SSGPO (Sokolov-Sarbai Mining Production Association) and the adjacent territory of
Rudny city. Sokolov-Sarbai Mining Production Association develops deposits of iron ore by open pit and un-
derground methods. Analysis was performed with fruit, which is harvested from the territory of the industrial
mining zone, and with fruit which is harvested on the rural territory, located at a more remote distance from
the industrial zone, and pharmacy samples (Shymkent city). Alkalimetric method used for determining the to-
tal acidity of all samples. Qualitative analysis of organic acids was carried out by a method of paper chroma-
tography, where the acids are extracted with a mixture of ether and acetone. The quantitative content of vita-
min C (ascorbic acid) was determined by iodometric method. The quantitative content of tannins was deter-
mined by a permanganat-metric method. To confirm the presence of the iron, aluminum, calcium ions in
samples harvested in the industrial area was determined by the ash content.

Keywords: medicinal plants, phytochemicals, hawthorn (Crataégus), sea Buckthorn (Hippdphaé rhamnoides),
yarrow (Achilléa millefélium), qualitative analysis, quantitative analysis, environment.

Nowadays, the problem of environmental protection is one of the most urgent. Certain contradictions in
the interaction between society and nature are inevitable. The human society solves many civilization pro-
gress problems at the expense of the nature. People in the production process borrow everything what they
need from the natural environment. Humankind has declared itself as a force and the power of an influence
on the surface shell of the planet and today is almost equal to the cumulative effects of all living organisms.
Every year, tens of millions of hectares of agricultural lands, forests are being destroyed. Thousands of spe-
cies of animals and plants have disappeared. By today, the mining industry, especially open-pit mining is one
of the most dangerous affects, influences for the environment and greatly impacts on nature. This entails a
change in the landscape, the chemical composition of native plants.

Despite the emergence in the Arsenal of therapeutic agents in modern medicine and many synthetic an-
tibiotic substances, interest in medicinal plants has not disappeared. Many higher plants accumulate organic
substances used in pharmacology [1]. Biological characteristic of medicinal plants is largely determined by
the place of their growth. In the harvesting of medicinal plants for the treatment and prevention of various
diseases, it is necessary not only to know the specific characteristics of their properties, but also to procure
medicinal raw materials correctly. We need to choose ecologically safe areas, not in contact with industrial
zones, highways, building objects.

This article presents the results of a study the influence of the industrial zone on the vegetation, the
study of the influence of anthropogenic factors on the chemical composition of medicinal plants — haw-
thorn, sea buckthorn, yarrow growing in different conditions.

The impact of industrial natural geotechnical systems is considered by the influence of JSC SSGPO
(Sokolov-Sarbai Mining Production Association) and the adjacent territory of Rudny city, Kazakhstan. In
this area there is a tension ecological situation, which was formed as a result of intense activity of the mining
complex. Sokolov-Sarbai Mining Production Association develops deposits of iron ore by open pit and un-
derground methods.

The chemical composition of medicinal plants (hawthorn, sea buckthorn, yarrow) native to Kostanay
area (North part of Kazakhstan) today has not been studied thoroughly. In this regard, we have conducted
chemical research of these medicinal plants. Hawthorn, sea buckthorn, yarrow — plants that are found on the
territory of the industrial zone. These organisms can be considered to be as indicator organisms. Bio-
indication is a very good evaluation of the environment by the reaction of living organisms.
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In traditional national medicine, the fruits and flowers of hawthorn is used for diseases of the heart, diz-
ziness, shortness of breath, insomnia, diseases of the gastrointestinal tract, in gynecology. Hawthorn contain-
ing remedies are used in functional disorders of cardiac activity, if angioneurosis, atrial fibrillation and par-
oxysmal tachycardia. Hawthorn fruit harvested at maturity from late September until the first frosts. The
chemical composition of the hawthorn has been well studied, e.g. in [2, 3].

Sea buckthorn blooms in April — May, before leafing or simultaneously with it. The fruits ripen in Au-
gust — September. In fruits of sea buckthorn contains vitamins: ascorbic acid, carotenoids, tocopherols, thia-
min, riboflavin, sterols, fatty and organic acids and other compounds [4, 5].

Yarrow herb has multilateral pharmacological properties due to the presence in medicinal raw material
of various biologically active compounds. The leaves of the plant contain the alkaloid ahillein, essential oil
which includes chamazulene; esters, camphor, thujone, borneol, glycosides of luteolin, tannins, resins, amino
acids, organic acids, carotene, vitamin K, ascorbic acid, bitter substances [6, 7].

The collected materials were dried in air in the shade, in a ventilated room. During the preliminary
analysis of aerial parts and fruits have been studied using qualitative reactions for the presence of organic
acids, vitamin C, tannins, flavonoids.

Analysis was performed with hawthorn fruit, which is harvested from the territory of the industrial min-
ing zone, and with hawthorn fruit which is harvested on the rural territory, located at a more remote distance
from the industrial zone; yarrow herb, collected similarly from the territory of the industrial zone and from
the rural territory as well. Pharmaceutical samples were also investigated (Shymkent city).

The leaves of the selected plants were removed from the plants, then washed under running tap water to
remove dust. The plant samples were dried for few days and the leaves were crushed into the powder and
stored in polythene bags for use. The powder was put into a test tube. Distilled water was added to the pow-
der to soak it and shaken well, the solution then was filtered. The filtered extract of the selected plant sam-
ples were taken and used for further phytochemical analysis. Alkalimetric method used for determining the
total acidity of all samples — hawthorn, sea buckthorn, yarrow.

For the quantitative determination of organic acids, the extraction was carried out with distilled water
and titrated with 0.1 N solution of alkali. At account, it is necessary to take into account the amount of alkali
consumed in the titration, and the amendment to the titer. The calculation is carried out as follows

X = a-T-200-10
H-20
where a — amount of 0.1N NaOH, consumed in the titration, ml; 7 — the amendment to the alkali titer;
200 — the total volume of extract, ml; 20 — the volume of extract, spent for the titration, ml; H — weighed
amount of substance, g; 10 — conversion into milli-equivalents of acids (1 ml of 0.1 N NaOH corresponds to
0.1 meq of acid); X — an amount of acids in plant sample, meq [2].

Qualitative analysis of organic acids was carried out by a method of paper chromatography, where the
acids are extracted with a mixture of ether and acetone.

Analyzing the fruits of hawthorn, sea buckthorn, there has been determined the qualitative composition
of the acid fractions by the method of ascending paper chromatography (R~value), with the use of special
indicators of acids. As the mobile phase it was used the next mixture: n-butanol, formic acid, water. To pre-
pare the mixture it was taken 250 ml of n-butanol, 25 ml of formic acid and 297 ml of water. All these sol-
vents were transferred into a flask with a glass stopper, repeatedly shaken for several hours and allowed to
settle during the day. After settling of mixture the top layer was used. (The upper layer of n-butanol, saturat-
ed with the formic acid).

The quantitative content of vitamin C (ascorbic acid) is determined by iodometric method in the fruits
of hawthorn, sea buckthorn, and yarrow.

Ascorbic acid is a strong reducing agent. During the titration iodine it is oxidized to form
dehydroascorbic acid:

b

OH OH
(0] (0]
(0] (0]
OH OH
+Iz
—_— —_—
-2HI
HO OH (0] o
Ascorbic acid dehydroascorbic acid
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In the calculation of vitamin C content in the product was used, the formula for determining the mass

using the titer determined by the substance:
_nE
1000
where n — is the molar equivalent concentration of iodine; £ — the molar mass of equivalent of ascorbic
acid in grams equal to in this case, 88 grams; J'— is the volume used for titration of iodine in ml.
For recalculating the content of vitamin C in 100 g of the product, you must use the formula:
M -1000
5

According to literature data among biologically active substances of the samples it was observed a high
content of tannins. This plant polyphenolic compounds of different molecular weight, is able to tan the skin.
Qualitative tests for tannins: 1) gelatin; 2) with acetate of lead; 3) with salesonline alum (JACQUES). All
these reactions give positive results indicating the presence of tannins in the samples.

The quantitative content of tannins was determined by a permanganat-metric method.

A portion of the crushed material, sifted through a sieve with a hole diameter of 3 mm, placed in a coni-
cal flask with a capacity of 100 ml, poured 50 ml of boiling water and heated in a water bath for 30 minutes
with frequent stirring. Liquid stand up for a few minutes and carefully filtered through cotton wool into a
volumetric flask with a capacity of 250 ml so that the particles of the raw materials do not fall on the cotton
wool. Raw materials in the flask repeatedly extracted with boiling water, as described above, the liquid fil-
tered into the same volumetric flask. The extraction is repeated several times until a negative reaction for
tannins (sample with a solution of alum gentoomaniac). The liquid in a volumetric flask is cooled, and the
volume of extraction was adjusted to the mark with water. 25 ml of the resulting liquid placed in a conical
flask with a capacity of 1 1, add 750 ml of water and 25 ml of indigenously and titrated with constant stirring
0.1 n potassium permanganate until a golden yellow colouring.

1 ml of 0.1 n potassium permanganate solution corresponds to 0,004157 g of tannins in terms of tannin.
In parallel, perform a trial experiment, titrating 25 ml of indigenously in 750 ml of water [2]. The percentage
content of tannins is determined by the formula:

(V,=V,)KDV -100-100
mV, (100 — ®)
where V; — volume of 0.1 KMnOy, used for titration, ml; ¥, — the volume of 0.1 KMnO, spent on control
experience, ml; K — correction for the titer (for oxalic acid); D — coefficient for tannin for hydrolyzable
tannins equals 0.004157, for condensed — 0.00582; V' — is the total volume of extract, ml; m — is the mass
of a sample of raw material, g; V3 — volume of extract taken for titration, ml; ® — the loss in weight of raw
material on drying, %.

To confirm the presence of the metals Fe, Mn in samples harvested in the industrial area was deter-
mined by the ash content of yarrow. Ash substances of vegetable raw materials is called the residue of inor-
ganic substances generated after combustion of materials and subsequent calcination of the residue to con-
stant mass. Plants ash (total ash) consists of a mixture of various inorganic substances in the plant and miner-
al contaminants that can get into the raw material at harvest and drying.

Ash often contains the following elements: K, Na, Mg, Ca, Fe, Si, P less often and in smaller amounts
Cu, Mn, Al, etc.

b

X =

b

Results and discussion

In order to identify organic acids, as an indicator solution was used Bromphenol blue solution (pH of
6.7). Organic acids are painted in bright yellow on a cyan background [2]. Results are presented in Table 1.

Table 1
Total acidity, quantitative content of vitamin C and quantitative content of tannins of the analyzed samples

Acids ' Hawthorn ' Buckthorn . Yarrow
Industrial zone| Rural zone |Industrial zone| Rural zone |Industrial zone| Rural zone
Organic acids, meq 19.2 32.0 19.3 34.7 34 6.0
Vitamin ¢, mg/100 g 14.0 26.4 450.0 700.0 140.0 240.0
Tannins, % 4.52 4.94 1.05 2.26 2.33 3.63
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During the determination of the total acidity, there was determined that the least content of free acids
are in the raw material gathered from the territory of the industrial zone. This was probably due to the high
content of metal ions in the soil of the factory. These differences in the content of organic acids, we assume,
are related to the fact that free acids can form poorly soluble salts with metal ions, and this is reflected in the
decrease in the content of free acids in the samples taken closer to the industrial area.

Table 1 also shows that the amount of vitamin C in raw material harvested in the countryside, higher in
comparison with samples collected near the industrial zone. This can be explained by the redox properties of
ascorbic acid in the presence of iron ions (Fe**, Fe'") [2]. L — ascorbic acid is oxidized by ions of Fe*’, re-
spectively, this leads to a reduction in the concentration of vitamin C in samples of the industrial zone. On
the other hand, the increase in humidity also contributes to the accumulation of vitamin C [3].

From these data we can conclude that the percentage content of tannins in the samples (Table 1) taken
from the territory of the industrial zone is reduced. This is due to the ability of metal ions to reduce the con-
tent of tannins by precipitation. On the other hand, the increase in the content of tannins in the samples pro-
cured from rural areas can be explained by the hydrolysis of glycosides, phenolic compounds as tannins are
derivatives of phenolic compounds. This can occur due to frequent watering.

The qualitative composition of organic acids hawthorn fruit and sea buckthorn varies (Table 2). In the
fruit of a hawthorn collected from the industrial area, there are ascorbic acid, malic, citric, succinic. Whereas
in the fruit of hawthomn, collected from rural areas, the presence of only ascorbic acid and citric acid. In fruits
of sea buckthorn collected from the industrial area, there are ascorbic, malic, succinic acid. Suburban sea
buckthorn contains only ascorbic acid and citric acid. These differences can be explained by processes occur-
ring in the citric acid cycle (the Krebs cycle), as the acid composition in the fruits depends on the stages of
the cycle.

Table 2
Qualitative composition of the acid fractions in the fruit of hawthorn, buckthorn
Acids R . Hawthorn . Buckthorn
- Industrial zone Rural zone Industrial zone Rural zone
Ascorbic acid 0.28 + + + +
Tartaric acid 0.42 — — — —
Malic acid 0.58 + — + -
Citric acid 0.60 + + - +
Succinic acid 0.82 + - + -

The ash content in the sample with industrial zones is higher than in the pharmacy specimen (Table 3).
This confirms the assumption that the yarrow from the territory of industrial zones accumulate metals that
can form compounds with organic acids. This is also confirmed by the solubility of ash in water; completely
soluble only ash pharmacy sample, since it contains no heavy metals. Ash samples collected from industrial
areas, partly dissolved in acetic acid and completely in concentrated nitric acid when heated, which indicates
the contents in the grass of the insoluble carbonates and sulfates of elements such as iron, aluminum and cal-
cium.

Table 3

Inorganic analysis of the yarrow pharmacy specimen

Mineral .
components of ash Industrial zone |Drugstore samples

Ash 11.62 4.98

Cl’ + +

CO> + +

Fe3+ + —

A13+ + -

Ca’’ — —
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Conclusion

Thus, it was studied the influence of industrial natural geotechnical systems on the content of biologi-
cally active substances, of medicinal plants, growing near the Sokolov-Sarbai mining production association
factory. The results of the analysis show that the least content of free acids, vitamin C and tannins are in the
raw material collected from the territory of the industrial zone. It can be explained by the accumulation of
harmful and polluting substances by plant organisms.

The assumption, that plants are collected from the territory of the industrial zones accumulate metals, is
confirmed by the fact that the ash content in the specimen from industrial zones is higher than in the pharma-
Cy specimen.

It is clearly traced that plants growing on the territory of the Sokolov-Sarbai mining production associa-
tion factory, which is the zone of emissions of iron-containing waste, also contain an excessive amount of
iron.

One of the important conclusions, that should be noted, is the fact that when harvesting medicinal
plants, it is necessary to choose the right areas where it is possible to collect medicinal raw materials. For
this, it is necessary to choose environmentally clean areas, free of the industrial pollutions, and do not con-
tact industrial enterprises, motorways, mining enrichment plants.
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Jopitik eciMaikTepaiH XUMHUSUIBIK KYPaMbIHA
OH/Iipic OPBIHIAPBIHBIH dcepi

Jopinix eciMmikTepAiH OHONOTHSJIBIK CHUIIATTaMAachl HETi3iHEH oNapAblH 6cy opTachiHa Toyeini. Makanaaa
JOJaHa, UIBIPFAaHAK, MBIHKANBIPAK CHSIKTBI JOPUTIK OCIMIIKTEpIiH XHMHSJIBIK KypaMmblHa OHipic
OPBIHJIAPBIHBIH KOHE aAHTPOINOJOTHSIBIK (AKTOPJIAPIBbIH OCEPiH 3EPTTeY JKYMBICTAPBIHBIH HOTHXKeIepi
OepinreH. OHIIPICTIK Te0-TeXHUKAIBIK XYHeHiH acepi CoxosoB-Capbibail Tay-KeH OHIIpPICTIK OipIecTiriHig
(OAO «CCTTIO» — «CCTKOBb» AAK) xoHe coraH »aKbIH OpHAJIACKaH PymHBIN KalachIHBIH MaHANbIHAH
JalbIHAIFaH AOPLTIK ©CIMIIKTEPiH XUMISIIBIK KYPaMbIH 3epTTeY HOTIKECIHE TYKbIpbIMIaaFad. COKOI0B-
Cappibail Tay-KeH OHAIPICTIK OipJIECTIri allbIK KOHE KaOBIK TOCIIMEH TeMIp KeHIEpiH eHIIpedi. 3epTrey
YLLIIiH J0JaHa MEH IIBIPFAHAKTHIH JKeMICTepi JKoHEe MBIHXKAIBIPBIKTHIH Jkep OeTi Gesiri eHaipic opslHIapbIHA
JKAKBIH JKEPIIEPJICH, all CalbICTBIPY YIIIH OHAIpic aiiMarblHaH aJbIC OpPHAJIACKAH cashKaillapaH NailbIHAAIbL.
BapinbIK chlHaMallapIbIH JKajlbl KbIIIKBUIIBUIBFBI ATKAJIMMETPHSUIBIK SAICTICH aHbIKTANAbl. OpraHuKabIK
KBIIIKBUIAP/BIH CanajblK Kypambl Kara3 Oerinzeri xpomartorpadusi ofiiciMeH >(QuUp MEH aleTOHHBIH
KOCIIaCBIMEH JKCTpPAaKIMs HOTIKeciHae Xypriziumi. C IepyMeHIHIH Memiepi HOIOMETPHSIBIK SmiCIeH
(ackopOMH KBIIKBUIBI), TAaHHUHAEPIIH MOINIIEpi INepMaHTaHATOMETPHUs OiCIMEH aHBIKTAILABL OHIIpic
ayMarblHaH JKHHAJIFAH ChIHAMAJApblH KypaMbIHAA TeMip, allOMUHHHA HOHAAPBIHBIH OapibFbIH JOJCIACY
YIIIH ChIHAMaNapAbIH KYJiHE CalaiblK TAAAy 9iCTepiHeri apHalibl peakusiiap KOIJaHbUIIbL.

Kinm ce3dep: nepinik eciMaikTep, GUTOXUMUS, HOJIaHa, IIBIPFaHAK, MBIHXKAIIBIPAK, CAIANbIK TaJllay, CAHIBIK
Tajjay, IKOJNOTHsl.
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Biansinne npoMbIIIJIEHHON 30HbI HA XUMHY€CKHUA COCTAB
JIEKAPCTBEHHBIX PaCTeHUI

Bronornueckne xapakTepHCTUKH JIEKapCTBEHHBIX PAaCTEHMII B 3HAYMTENIBHON CTETICHH ONIPEEISIOTCS Me-
CTOM MX Ipou3pacTaHus. B craThe npencTaBieHbl Pe3ysbTaThl U3YUECHHs BIUSAHHUSA HPOMBIIUICHHOW 30HBI Ha
PACTUTENbHBIH MOKPOB, BIMSAHUS aHTPOIOTCHHBIX (PaKTOPOB Ha XUMUUYECKHI COCTaB JICKAPCTBEHHBIX pacTe-
HMIT — OOSPBIIIHUKA, OOJICUXH KPYLIMHOBUIHOMN, THICAYEIMCTHHKA OOBIKHOBEHHOT'O, IIPOM3PACTAIOIINX B
Pa3IMUHBIX YCIOBUSX. BIIMSHHE NPOMBIIIIEHHON HNPUPOJHON I'€OTEXHHUYECKON CHCTEMBI PACCMOTPEHO Ha
npumepe OAO «CCITIO» (Coxonoscko-Capbaiickoe TOpHO-IIPOM3BOJCTBEHHOE OOBEIUHEHUE) U TpHIIe-
raromei Teppuropun ropona Pyaaoro. Cokonoscko-Cap0OaiicKiM ToOpHO-IPON3BOACTBEHHEIM 00BEIMHEHUEM
pa3pabaThIBAIOTCS MECTOPOXKACHUS XKEIE3HBIX PYyJ OTKPBITEIM M MOA3EMHBIM criocobamu. J[jist anammsa mc-
TIOJIb30BAINCH IIIOABI OOSIPBIIIHIKA U OOJIEIINXHU, KOTOPBIE 3arOTaBIMBAIN C TEPPUTOPHH IPOMBIILICHHON
30HBI, ¥ JUIsI CPaBHEHHsI COOMpAIH IUIOBI HAa TEPPUTOPUH Jad, HAXOJMBIINXCS Ha OoJiee OTHAIEHHOM pac-
CTOSHMHM OT IPOMBILIUICHHON 30HBI; TPaBa THICAYCIUCTHUKA, COOpAHHAs AaHAIOIMYHO C TEPPUTOPHM IIPO-
MBILIJICHHOI 30HBI U C TEPPUTOPHH Aad. J{s onpeneneHus: oOLIeil KUCIOTHOCTH BCeX 00pa3LoB HCIOIb30-
BaJICS aJKAIMMETpUUYEeCKUil MeTol. KauecTBeHHOE Onpe/ieNeHne OPraHM4eCKuX KHCJIOT MPOBOJMIN METOA0M
OyMaxHOiT Xpomartorpaduu, JJIs 3TOr0 KUCIOThI SKCTPArupoBalM cMechio ddupa u anerona. KonnyecTsen-
Hoe cozpepxanue BuTaMuHa C (acKOpOMHOBOI KHCIIOTHI) ONpeNessin HoJoMeTprIecKuM MeTooM. Koae-
CTBEHHOE COJIepKaHHE TAHUHOB ONPEeIUI METOIOM NepMaHraHaTOMETpHu. [l HOATBEPIKACHUS IPUCYT-
CTBHUS HOHOB METAJUIOB JKeJe3a, AIIOMUHMS, KaJbIHs B 00pa3nax, CoOOpaHHBIX B IPOMBIIIIIEHHOH 30HE, OIIpe-
JETSITH 306HOCTD THICSYSITCTHUKA.

Kniouesgvie cnosa: nexapcTBeHHbIE pacTeHUs, QUTOXUMUS, OOSAPBILIHUK, 00JIENNXa KPYLIMHOBHIHAS, ThICAUE-
JIMCTHUK OOBIKHOBEHHBIH, Ka4eCTBEHHBIN aHANIN3, KOJIMUECTBEHHBIH aHAN3, SKOJIOTHsI.
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Kinetics and thermodynamics of the process of hydrodesulfurization
of Shubarkol coal hydrogenate

When processing coals and oils containing sulfur compounds, the resulting fuel components do not meet the
requirements of the State standards for sulfur content. Sulfur affects negatively the quality of the target prod-
uct and makes processing difficult, therefore hydrodesulfurization of coal hydrogenates and oils is an im-
portant stage before further processing. Sulfur compounds are very harmful impurities for liquid products
(hydrocarbons). They are toxic, give an unpleasant smell to liquid products, affect detrimentally the antiknock
properties of gasolines, promote resin formation in internal combustion engines and, most importantly, cause
corrosion of metals. Therefore, the presence of these substances is extremely undesirable and unacceptable.
There has been researched the process of hydrodesulphurization of hydrogenates of the coal from Shubarkol
Deposit in the presence of catalyst of pyrite and natural zeolite. Using the method of equilibrium-and-kinetic
analysis there have been calculated the rates of the process of hydrodesulphurization of liquid products and
Gibbs energy that are necessary for improvement of process-dependent parameters of hydrofining of liquid
products of hydrogenation. It is indicated that the optimum time of the process of hydrodesulphurization is
15-25 minutes. The content of sulfur in the fraction under 200 °C is 0.043 per cent and in the fraction of 200—
300 °C is 0.065 per cent and that indicates a high degree of hydrofining of hydrogenate in the presence of the
above catalyst. A high value of AG (in absolute value) indicates a high thermodynamic probability of
hydrodesulfurization process in the given temperature range. These data are necessary for the development of
recommendations for determining the optimal conditions for the process.

Keywords: hydrodesulfurization, hydrogenizat, kinetic analysis equilibrium.

Introduction

The Republic of Kazakhstan possesses enormous reserves of energy resources. In our country there are
deposits of high-viscosity index oil (heavy oil) and coal that can be the sources for production of synthetic
motor fuel and boiler fuel. In recent years there have considerably decreased the volumes of oil extraction
and there is expected the deceleration in increase of the developed reserves of fossil fuels comparing with the
rates of extraction. Extraction of oil in distant and hard-to-reach regions becomes so expensive that the pro-
duction of synthetic oil out of coal in many cases is considered to be a competitive process as compared with
the oil extraction. Therefore there arises a practical importance of producing fuel and chemical products out
of coal and heavy oils that can be considered as one of the prospective lines in the energy sector and petro-
chemical industry of the nearest future. The process of direct hydrogenation of coal, heavy oils, petroleum
bitumens and the products of coal liquefaction is one of the effective methods.

However, it should be noted that the fuel components produced as result of processing coals and oils
that contain sulphur compounds do not meet the requirements of the State Standards as to sulphur content.
Sulphur negatively affects the quality of the target product and complicates the processing, therefore hy-
drodesulphurization of coal hydrogenates and oils is a very important stage prior their further processing.

As is known, sulphur compounds are a very detrimental admixture for liquid products (hydrocarbons).
They are toxic, impart an unpleasant odor to the liquid products, detrimentally effect the antiknock qualities
of benzines, conduce to tar formation in internal-combustion engines and, what is most important, lead to
corrosion of metals. Therefore the presence of these substances is extremely undesirable and inadmissible.
The issues of refining sulphur oil-products by the method of hydrogenation without a considerable decompo-
sition of hydrocarbons have been considered by many researchers. In the direction there worked
B.L. Moldavsky, V.N. Pokorsky, K.P. Lavrovsky and P.V. Puchkov, A.V. Agafonov, et al. Most of their
works are devoted to refining oil-products that are light as to their fraction content with the purpose of pro-
ducing benzene and tractor kerosenes.

Previously there were conducted researches of hydrodesulfurization ability of Y-type zeolite that con-
tained various admixtures. It was defined that zeolite catalysts that contain cobalt, nickel and rare-earth
forms of Y-type zeolite possess a high hydrodesulfurization ability [1].
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For hydrofining of oil-products there are mostly used aluminum-nickel-molybdenum (ANM) catalysts.
However, zeolite-containing ANM catalysts are becoming more wide-spread; they are notable for a high ac-
tivity in the processes of hydrofining [2—5]. Introduction of Y-zeolite into ANM-composition, besides the
increase in activity of the catalyst, increased the efficiency of raw-materials plants (by 10-15 per cent), re-
duced the temperature of hydrofining (by 288-293 K) and extended the cycle length and general service pe-
riod of catalysts. However, the role of zeolite in improvement of catalytic, operational and regeneration qual-
ities of the catalysts of hydrofining is still not explored enough [4].

Therefore the aim of this work is to define kinetic and thermodynamic parameters of the process of hy-
drodesulphurization of the coal hydrogenate in the presence of the catalyst of pyrite and natural zeolite with
the usage of equilibrium-and-kinetic analysis (EKA) method.

Experimental part

In the course of the work there was performed the definition of kinetic and thermodynamic parameters
of the process of hydrodesulphurization with the usage of EKA method that has been worked out by Profes-
sor V.P. Malyshev [5].

The object of the research was hydrogenate of the coal from Shubarkol Deposit with the following
physical and chemical characteristics (mass per cent): A — 2.8-3.7; S — 0.4-0.49; V — 45.0-45.8; C —
76.99; H— 5.35.

As the catalyst of the process of hydrodesulphurization of hydrogenate of Shubarkol coal there was
used a mixture of pyrite and natural zeolite (60 per cent of pyrite and 40 per cent of zeolite).

The experiments on hydrodesulphurization of liquid products (hydrogenate) were performed in the rota-
ry autoclave (with the volume of 0.02 1). The autoclave was loaded with hydrogenate, then there was added a
calculated amount of catalyst (5 per cent of hydrogenate). The autoclave was closed, blown through with
hydrogen and excessive (initial) pressure of hydrogen (2 MPa) was created. The mixture was heated up to
the necessary temperature with the rate of 278 K per min. and kept for the defined period of time under the
temperature of 703 K. After cooling of the autoclave up to the ambient temperature the resulted liquid prod-
ucts were separated and there was performed distillation in accordance with the State Standard 217748 [6].
In the resulted fractions of hydrogenate there was defined the sulphur content according to the State Standard
1437-75 [7].

Results and discussions

The research of kinetics and thermodynamics of the process of hydrodesulphurization is necessary for
improvement of the process-dependent parameters of hydrofining of the liquid products of hydrogenation.
However at the same time there appear a number of methodological difficulties: first, it is practically impos-
sible to identify a great number of individual compounds — the products of transformation of the organic
mass of coal — therefore in practice they have to be grouped in accordance with some conventional physical
and chemical qualities; second, the kinetics of the process in this case is formal and interpretation of its pa-
rameters from the point of view of the structural peculiarities of the source coal is quite a difficult task; third,
for one and the same process different authors offer different kinetic models, the parameters of which are
defined in complicated calculations, it makes them incomparable and non-general, and that complicates the
performance of analysis of a model.

Taking into consideration the bibliographical data on kinetics of hydrodesulphurization there can be
suggested the following scheme of hydrodesulphurization of the liquid products (hydrogenate) under moder-
ate pressure of the hydrogen (Fig. 1).

The kinetic scheme of the process of hydrodesulphurization. According to the scheme indicated on the
Figure 1 there is the following system of differential equations:

d[C
_EZTI] :_(kl +k2 _k3)C1 +k4C3’
CICY NP e
AG_y e ke,
drt
d[C,]

=k,C,—k,C, - k,C,,
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where k, =k + ko + ks + ky + ks + k¢ + ko Cy, Gy, C;, Cy are the mass fractions of the respective components
(Cl + Cz + C3 + C4 :1)

Fraction
200-300 °C (Cq)

Fraction

Hydrogenate
ke (Gq) ks \ more than300 °C (C4)

k1 kG
Fraction
up to 200 °C (C;)

Figure 1. Kinetic scheme of the process of hydrodesulphurization of hydrogenate

The calculation of the system of equations was performed on PC IBM 486D4x0 with the usage of the
special «Search» program [8—10]. The designed program makes it possible to calculate the kinetic depend-
ences under the defined initial conditions and realize automated selection with the usage of the method of
gradient of optimum values of constants of k;—k; rates. Optimization of the constants of rates was realized
provides there was a minimum of deviation squares between the experimental and calculated values of the
mass fractions of the products of hydrodesulfurization. The constants of rate of hydrodesulphurization are
k1= 1.235, ky=1.134, k3 = 0.752, k, = 0.453, ks = 0.578, ks = 0.183, k; = 0.457. Basing on analysis of the
results of the rate constants there can be drawn the conclusion that the influence of the constants on the out-
put of the products of the process of hydrodesulphurization is ambiguous. Thus, the output of the fraction
under 200 °C is mainly determined by the value of k; rate constant. The output of the fraction of 200-300 °C
decreases with the growth of the temperature and is mainly determined by the rate of reaction k,. The con-
stant of the rate of reverse reaction k4 decreases with the growth of temperature.
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Figure 2. Kinetic data of the process of hydrodesulphurization of hydrogenate

On Figure 2 there is indicated the dependence of the sulphur content in hydrogenate on the time of the
process of hydrodesulphurization. The analysis of the kinetic data of the process of hydrodesulphurization
indicates that the optimal time of the process is 15-25 minutes, since there is observed the maximal output of
the abovementioned fractions. The mentioned fractions contain sulphur in the following amounts:

Fraction under 200 °C — 0.043 per cent (State Standard — 0.02—0.1 per cent);

Fraction of 200-300 °C — 0.065 per cent (State Standard — 0.2—1.0 per cent);

The content of sulphur in the initial hydrogenate produced from the coal from Shubarkol Deposit
amounts to 1.01 per cent.
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Kinetics and thermodynamics ...

Basing on the experimental data of the research of the process of hydrodesulphurization of hydrogenate
there was calculated the Gibbs energy (AG) using the formula:
G=-RThhK,;
K, =k /k,;
InK, =2.5033; K,=0.918;
AG =-5365.5.

The high value of (G (in absolute magnitude) indicates a high thermodynamic probability of perfor-
mance of the process of hydrodesulphurization in this temperature range.

Conclusion

Thus, there is given the scheme of hydrodesulphurization of liquid products (hydrogenate), there are re-
searched the kinetics and thermodynamics of the process of hydrodesulphurization in the presence of the cat-
alyst of pyrite and natural zeolite. The calculated Gibbs energy in absolute magnitude indicates a high proba-
bility of the performance of the process of hydrodesulphurization. These data are necessary for improvement
of the parameters of the process of hydrofining of the liquid products.

It is defined that the optimal time of the process of hydrodesulphurization is 15-25 minutes. The indi-
cated fractions contain sulphur in the following amounts: fraction under 200 °C — 0.043 per cent, and frac-
tion of 200-300 °C — 0.065 per cent.
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Ily0apkes kemMip riIporeHu3aTbIHbIH THAPOCYab(upJiey YPAiCiHIH
TEPMOAMHAMHUKACHI MEH KMHETHKACHI

Kemip MeH MyHaiinbl KaiiTa eHuey Ke3iHAeri OTbIH KOMIOHEHTEpiHIH KypaMbIHIAFbl KYKIPT KOCBHLIBICTAphI
MOKCT-HiH KYKipT Kypambl OOibIHIIA TalanTapbl KaHaraTTaHasIpMaiiabl. KykipT COHFBI @HIMHIH camachiHa
Kepi ocepiH THUri3in KalWTa eHJeydl KUBIHIATAAbl, COHJABIKTAH MYHail, KeMip T'MApPOreHH3aTTapblH
rugpocynbbupiey MaHb3Abl Gosbin  Tabbutagbl. Cyiblk  eHimuep (KemipcyTekTep) YUIH KyKipTTi
KOCBUIBICTAp ©T€ 3WSAHIBI Kocma ekeHi Oenrimi. Omap yHITTBI, CYHBIK ©HIMAEpre >KarbIMCBHI3 HiC Oepeni,
OCH3MHHIH aHTHICTOHAIIMOH/BI KAaCHETIHEe Kepli ocepiH THTi3eli, MeTangapAblH KOPPO3HUsSFa YIIBIPAYBIH
TYZABIpabI JKOHE IIKi jKaHy KO3FAITKBIIITHIH MAaWbIp TY3yiHe cenTirin Turizeni. Con ceGemnTi oChl 3aTTapabIH
GonyblH TyapIpTHay Kaker. IIlyOapkesi KEHOPBIH KOMipiHEH TaOWUFHM LCOJIMT IMEH IMUPHUT KaTalu3aTOPHIHBIH
KaTBICYbIMEH T'MAPOr€HM3ATThIH Tuapocynsdupney ypaici 3eprrengi. ['maporeHm3anusHbIH — CYHBIK
OHIMJIEpiHIH THAPOTa3aJaFbIll TEXHOJOTHSJIBIK CHUIIaTTaMalapblH JKakcapTyra Oosaapl, ['mOOC sHEPrusch
MEH CYHBIK OHIMIEepAIH TuApocyibdupiey YpAiCiHIH KbUIAAMIBIK KOHCTaHTTAJIAphl KUHETHKANBIK Tere-
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TeHJIK TaciaMeH ecentengi. ['mapocynbdupney ypaiciHig THIMII yakbIThl 15-25 MUH eKeHAIri KepCeTii.
200 °C-peitinri ¢pakuusHbIH KypambiHaa Kykipt memmepi — 0,043 %, an 200-300 °C apanbirbiHza —
0,065 %, OyJ1 xoFapbla KeNTIpiIreH KaTaJu3aTop KaThIChIHAA TMAPOr€HHU3aTThl THAPOTA3aAIay 1OPEKECIHIH
JKOFaphl €KEHJITiH KepceTTi. AG-IiH >KOFapFbl MOHI OCHI TEMIIEPaTypajblK apaibIKTa THIPOCYIb(HUpICY
YPAICiHIH TepMOAMHAMHKAIIBIK JKYPY MYMKIHIITIHIH KOFaphl eKeHIITiH qonenneni. bymr manimerTep ypuicti
JKYPTi3y/iH eH KOJailJIbl )KaFIaiblH aHbIKTay OOMBIHIIIA YCBIHBICTBI )KacayFa KaKeT.

Kinm ce30ep: rupponecynsdypusanysiiay, FTHApOreHU3aT, KHHETHKAIBIK TAJIIay TeHe-TEeHITI.

A.T. Opnabaesa, XK.C. AxmetkapumoBa, M.I". Meiipamos, B.A. Xpynos,
K. X. MynnaxmeroB, A.M. [ltocekenoB, Ma ®3u Oub

KuneTuka u TepMoaMHAMHUKA Npo1ecca ruApoodeccepuBaHUs THAPOTreHU3aTa
1y0apKoJIbCKOr0 yriist

[Tpu nepepaboTke yrieit, HehTel, COAEPKAIINX COSANHEHHS CEePbl, MOJIyYacMble TOIUTUBHBIC KOMIIOHEHTHI HE
ynosnetBopstoT TpeboBanusM 'OCToB no comepskanuio cepbl. Cepa OTpULIATENIBHO BIUSIET HA KaUueCTBO I1e-
JIEBOTO TNPOJYKTa M 3aTPyHHSET HMepepadoTKy, MOITOMY T'MAPOOOECCepUBAHUE YTOJIBHBIX THIPOTCHU3ATOB,
HeTeld — BaKHBIN 3Tall Mepel UX JanbHernield nepepaboTkoit. I KUIKUX MPOAYKTOB (YTICBOAOPOJIOB)
CCPHUCTBIC COCIUHEHUS ABIIOTCA OYCHb BpeJHOH mpuMechblo. OHM TOKCUYHBL, NPUIAIOT KUJIKUM IIPOAYK-
TaM HETIPUATHBIN 3arax, BPeAHO OTPAXKAIOTCs Ha aHTUICTOHAIIMOHHBIX CBOMCTBAaX GSH3MHOB, CHOCOOCTBYIOT
CMOJIO00pa30BaHUIO B JBUIATENISAX BHYTPEHHEIO CrOpaHMA U, IVIABHOE, BBI3BIBAIOT KOPPO3UIO MeTaIoB. I1o-
STOMY TNPHUCYTCTBHE OTHX BEIIECTB KpailiHe HEeXenaTedbHO M HenomycTuMo. MccienoBaH mporecc
runpoodeccepuBanus ruaporennzata u3  yrasg  LlyGapkoiabCKOKO MECTOPOXKICHHS B IMPHUCYTCTBUH
KaTajau3aTropa MUPUTa U MPUPOJHOTO LEouTa. MeToI0M PaBHOBECHO-KMHETHYECKOTO aHAJIN3a PacCUUTaHBI
KOHCTAaHTBI CKOPOCTH IIpOIiecca THUAPOOOecceprBaHMs SKHIKHX IPOIYKTOB M SHeprus ['mb0ca, koTopsle
HEOOXOIUMBI ISl YITyUIISHUsS TEXHOJIOTHYECKHX I1apaMeTPOB I'MAPOOYHCTKU JKUAKUX HPOIYKTOB THIpPOTE-
Hu3amu. [lokazaHo, 4To onTUMaNbHOE BpeMs mporecca ruapoodeccepuBanms 15-25 mun. Coxepxanue ce-
ps! Bo dpakimu 10 200 °C — 0,043 %, a Bo ¢pakmuu 200-300 °C — 0,065 %, 4TO CBHAETENECTBYET O BBICO-
KOM CTENEeHU TMAPOOYNCTKH THAPOTeHH3aTa B IPUCYTCTBUU YKAa3aHHOTO BhINIE KaTanuzaTopa. Beicokoe 3Ha-
yeHrne AG (o abCoIOTHON BEMMYUHE) TOBOPUT O BBICOKOM TEPMOAWHAMUYECKON BEPOSTHOCTH MPOTEKAHUS
npoliecca ruapoodecceprBaHsl B JAHHOM TeMIEpaTypHOM HHTepBasie. DTU AaHHbIE HEOOXOIUMBI IS pas-
paboTKU peKOMEHAIMH 110 OIPEIEICHHUIO ONITUMAJIbHBIX YCIOBUI MPOBEIECHHS IpoLecca.

Kniouesvie cnosa: rnnpogecyﬂbq)ypmaunﬂ, TUApOreHus3anus, paBHOBECUC KUHECTHICCKOI'O aHaI13a.
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Investigation of the influence of electrohydroimpulse technology
on physico-chemical characteristics of oil sludges

The article is devoted to the investigation of the influence of electrohydropulse processing of Zhana-Ozen oil
sludge using the method of probabilistic-deterministic planning of the experiment, in which the mutual influ-
ence of various factors is taken into account. It has been established that the dominant factors that influence
the decrease in the kinematic viscosity, the increase in the yield of light and middle fractions up to 300°C
from the Zhana-Ozen oil sludge in the process of destruction of the heavy part of the organic mass of oil are
inter-electrode distance, processing time and discharge voltage.

Keywords: electrohydropulse technology, oil sludge, kinematic viscosity, interelectrode distance, voltage.

Modern methods of processing, utilization of oil sludge and oil-bearing technogenic raw materials are
not technologically and energy-intensive and require significant capital investments, so the volumes of utili-
zation are lagging behind the volumes of their formation and new ones are added to the accumulated vol-
umes. The level of soil contamination with oil products and oil sludge has now approached 10 million cubic
meters. In addition, the land area contaminated or damaged as a result of various accidents at gas and oil
pipelines, plants and other facilities is constantly growing [1].

The choice of the method for processing and neutralizing oil sludge depends mainly on the amount of
petroleum products contained in them and in each specific case a differentiated approach, taking into account
both environmental and economic indicators, is required.

There are various ways of processing oil-containing technogenic raw materials:

— thermal-combustion in open barns, furnaces of various types, production of bituminous residues;

— biological-microbiological degradation in soil directly in storage areas, biothermal decomposition;

— physical — burial in special repositories, separation in the centrifugal field, vacuum filtration and fil-

tration under pressure;

— physico-chemical — the use of specially selected reagents that change physico-chemical properties,

followed by treatment on special equipment;

— chemical — extraction with the help of solvents, solidification with the use of mineral (cement, liquid

glass, clay) and organic (epoxy and polystyrene resins, polyurethanes, etc.) additives [2].

Data on the accumulation of oil sludge in Kazakhstan show that their processing does not cover the vol-
ume of annual formation. Thus, it is necessary not only to find processing technologies, but also to recom-
mend and adapt special technology from many existing ones to each specific type of waste. The choice is
further complicated by the fact that many technologies can be applied to individual types of waste, but none
of them meets the universality requirement and cannot be applied to all types of wastes.

In this regard, the use of the phenomenon of electrohydropulse treatment in the processing of oil
sludges is of great practical interest [3].

One of the types of complex extreme impact is the effect of electrohydraulic discharge, which combines
the simultaneous impact on the substance of strong mechanical compression, powerful ultrasound, hard x-
ray, ultraviolet and infrared radiation. The electromagnetic fields produced during the discharge also exert a
strong influence both on the discharge itself and on the ionic processes occurring in the surrounding liquid.
Under their influence, various physical changes and chemical reactions occur in the material being pro-
cessed. It has been established that the following factors such as discharge voltage, processing time, capaci-
tor bank capacity, interelectrode distance of the processing cell, and effect of the hydrogen donor influence
the change in the kinematic viscosity and the yield of the light and middle fractions from the oil sludge.

We investigated the effect of the duration of the electrohydropulse treatment, the interelectrode distance
in the stand unit cell, the capacitance of the capacitor bank and the impulse voltage in the bench set-up to
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reduce the kinematic viscosity of the oil and increase the yield of light and middle fractions from the oil
sludge. The object of investigation is the oil sludge of Zhana-Ozen of the Mangystau region.

We carried out laboratory studies using the method of probabilistic-deterministic planning of the exper-
iment, in which the mutual influence of various factors is taken into account, to determine the optimal condi-
tions and create a mathematical model of the Zhana-Ozen oil sludge treatment process with the help
ofelectrohydropulse action [4].

The program of probabilistic-deterministic planning of the experiment was created by the order of Doc-
tor of Technical Sciences, Professor S.V. Belyaev (ChMI named after Abishev of MES RK). The author of
the program is Ph.D., Associate Professor V.N. Fomin The ExprDraw and ExprMake modules developed by
Anton Grigoriev [4-7] are used to display mathematical formulas.

The investigated factors and their levels are presented in Table 1.

Table 1
Factors studied and their levels
Factors 1 2 3 4

. X| — processing time, min 1 2 3 4 1

X, — capacitor bank capacity, uF 0.1 0.25 0.5 0.75 0.1

X3 — interelectrode distance, mm 6 7 8 9 6

X, — volume of catalyst added, g 2.17 4.34 6.51 8.68 2.17
X5 — volume of added donor (alcohol), ml 10 20 30 40 10

Since the dependence of the yield of liquid products from high-viscosity oil on the above factors is non-
linear, the method of mathematical design of an experiment based on nonlinear multiple correlation was
used. Variable factors were varied at 5 levels. The experimental design matrix is shown in Table 2. Each row
of the matrix corresponds to the experimental conditions, and the structure of the matrix is such that, in all
experiments, the level of any factor occurs once with each level of all factors.

Table 2
Experimental design matrix
#CXp. Xl ’ XZ ’ X3 ’ X4 ’ XS s Ylexp H Yltheon s YZexp4 b YZtheor. s
min uF mm g ml mmz/s mmz/s % %

I 1 1 0.1 6 2.17 10 6.49 6.4753 16.75 19.3513
2 1 0.25 7 4.34 20 6.53 6.3652 35.43 27.5111

3 1 0.5 8 6.51 30 5.71 5.8326 34.07 28.1789

4 1 0.75 9 8.68 40 5.32 5.2757 23.51 25.8662

1T 5 2 0.1 7 6.51 40 5.36 5.6627 18.35 21.9999
6 2 0.25 6 8.68 30 5.96 6.0648 44.92 27.0224

7 2 0.5 9 2.17 20 5.72 5.553 20.79 22.2943

8 2 0.75 8 4.34 10 5.12 4.8923 24.08 21.8885

Uil 9 3 0.1 8 8.68 20 6.22 5.9686 28.21 29.6722
10 3 0.25 9 6.51 10 4.67 5.2587 40.54 23.9503

11 3 0.5 6 4.34 40 5.91 5.3391 19.78 26.6007

12 3 0.75 7 2.17 30 5.01 5.2556 19.98 27.2807

v 13 4 0.1 9 4.34 30 6.23 5.9072 22.9 33.4732
14 4 0.25 8 2.17 40 5.08 5.2635 52.35 28.1584

15 4 0.5 7 8.68 10 5.4 5.1711 25.36 33.5923

16 4 0.75 6 6.51 20 5.36 5.7338 47.99 39.8488

The Y exp. and Y oy, columns show the results of all the experiments to determine the kinematic viscosi-
ty of the Zhana-Ozen oil sludge, which was pretreated with an electrohydropulse effect (EHE). Y; ¢, is the
yield of the fraction up to 300 °C from the oil sludge, Y, . is the calculated kinematic viscosity of the frac-
tion up to 300 °C, and Y] yeor. and Y5 geor. are calculated values of the yield of light and middle fractions up to
300 °C on the basis of the generalized equation of Protod’yakonov-Malyshev. The matrix for planning the
experiment for the preliminary treatment of oil sludge by means of electrohydropulse action is given in
Table 2.
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Investigation of the influence ...

If the interval of the change of functions does not go beyond the permissible spread or confidence inter-
val, then the functions are significant. Therefore, each function was checked for significance using the non-

linear multiple correlation coefficient (1) R and the significance tr (2) of this coefficient:

(N=1)3 (Y =T )

R= [1- L >0.66 ;
(N_K_l)Z<Yexp._Ymean)
Rn—k—1
ST e

(D)

2

where R — is the coefficient of multiple correlation; N — is the number of points described; K — is the
number of active factors; Y., — is the experimental result; Yyeor, — is the theoretical result; Yyean — is the

mean experimental value (see Fig.).
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X, — on processing time; X, — on condenser battery capacity; X5 — on interelectrode distance;
X, — on consumption of added catalyst; X; — from the flow rate of the added hydrogen donor (alcohol)

Figure. Particular dependences of decrease in kinematic viscosity of light and middle fractions up to 300 °C

The least squares method was used for the mathematical description of the graphical dependence on
various factors. The values of the partial functions and the calculated values of the partial functions of the
change in the kinematic viscosity and the yield of the fraction up to 300 °C respectively for each factor are

given in Tables 3-6.
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Table 3
Theoretical and experimental values of particular functions for kinematic viscosity
] Levels
Function 1 ) 3 7 Mean
_ 0.07791X; v —0.2306 theor. 5.99 5.54 5.46 5.52 5.62
Yy =3.562¢ X exp. 6.01 5.54 5.45 5.52 5.63
_ —0.07282.X, ~0.04089 theor. 6.00 5.74 5.47 5.29 5.62
Y, =3.51% X exp. 6.08 5.56 5.69 5.20 5.63
_ 0.1777 X3 —1.495 theor. 5.90 5.61 5.49 5.5 5.63
¥;=29.69¢ X exp. 593 5.58 5.53 5.49 5.63
Y =5.619+ 0.05041 theor. 5.64 5.63 5.62 5.62 5.63
N ' X, exp. 5.58 595 5.28 5.73 5.63
_ -0.01783X;5 v~ 03816 theor. 5.45 5.91 5.78 5.39 5.63
Y; =269 X exp. 542 5.96 573 542 5.63
Table 4

Theoretical and experimental values of the partial functions of fractions yield up to 300 °C

. Levels
Function 1 > 3 7 Mean
Y = 18.204228%, y -0.7264 theor. 25.23 23.30 26.88 33.77 27.29
! ) ! exp. 27.44 27.04 27.13 37.15 29.69
Y = 1 theor. 26.12 26.66 27.67 28.72 27.29
2 0.0381-0.005184.x, exp. 21.55 43.31 25 28.89 29.69
v = 1 theor. 28.21 27.6 26.97 26.4 27.29
T 0.02893 + 0.000717X, exp. 32.36 24.78 34.68 26.94 29.69
Y =33.13 14.35 theor. 24.27 27.37 28.49 29.04 27.29
! ' X, exp. 2747 25.55 35.24 30.5 29.69
_ —0.03246 X5 1-0.7362 theor. 24.7 29.83 28.99 28.66 27.29
Y;=638lde X5 exp. 26.68 33.11 30.47 28.5 29.69
Table 5
Coefficient of correlation R for particular functions and its significance 7,
Function R R Significance of the function
Y 1.00 1.10<2 Significant
Y, 0.82 3.52>2 Significant
Y; 0.98 32.23>2 Significant
Y, 0.58 1.22<2 Significant
Y5 0.98 39.6>2 Not significant
Table 6
Coefficient of correlation R for particular functions at light fractions output
up to 300 °C and its significance 7z
Function R R Significance of the function
Y 0.92 8.89>2 Significant
Y, 0.62 142<2 Significant
Y; 0.57 1.19<2 Not significant
Y, 0.28 043<2 Not significant
Ys 0.94 11.06>2 Significant
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Investigation of the influence ...

As a function of the response of the influence of the electrohydropulse action, we adopted the decrease
in the kinematic viscosity of the hydrogenate and the yield of the fraction up to 300 °C. The mathematical
model of the process of treatment of heavy oil by means of electrohydropulse action is based on the
Protod’yakonov-Malyshev formula.

The experiment performed under these conditions gives a good agreement with the theoretically calcu-
lated value of the decrease in the kinematic viscosity of hydrogenate and the yield of the fraction up to
300 °C from the treated oil hydrogenate.

Thus, we found that the dominant factors affecting the decrease in the kinematic viscosity, the increase
in the yield of light and middle fractions up to 300 °C from the Zhana-Ozen oil sludge in the process of de-
struction of the heavy part of the organic mass of oil are: interelectrode distance, processing time and dis-
charge voltage. The optimal conditions for carrying out the process of destruction of the Zhana-Ozen oil
sludge by means of electrohydropulse treatment are: X; — treatment time 4—8 minutes; X, — capacitor bank
capacitance, C — 0.1 uF; X3 — interelectrode distance, L — 4-8 mm; X; — quantity of added donor (cata-
lyst) — 6.51 g; X5 — the amount of added alcohol — 10-30 ml per kg of raw material.

The results obtained on the study of the group and individual composition of hydrogenates from the
Zhana-Ozen oil sludge allow us to state that electrohydropulse treatment not only increases the destruction
reaction rate of the heavy portion of the Zhana-Ozen oil sludge in the presence of catalytic additives, but also
catalyzes the hydrogenation and hydrogenolysis reactions in parallel.
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M.U. Baiikenos, A.K. Carsi0anaun, 3.K. Alitnaesa,
A.Bb. Kapumona, H.JK. PaxumskanoBa

MyHaii maibIpbIHbIH QU3MKA-XUMHUSAJIBIK KacueTTepiHe
3JIEKTPrUAPOMMILYJILCTI TEXHOJIOTUSHBIH JCEPiH 3epTTey

Makaia Typ:i akTopiapablH bIKIAIbl €CKEPENeTiH TOKIPHOCH] BIKTHMAII/IbI-ICTEPMHH/II JKOCTIapIay SAICiH
KoJIaHy apkplibl JKaHa ©O3eH MyHall IIaWBIPBIHBIH (U3UKA-XMMHSUIBIK CHUIIATTAMACBIHA 3JIEKTPTHIPOMM-
IyJIbCTI OHACYAIH 9CepiH 3epTTeyre apHairaH. MyHaiIbIH ayblp OPraHUKaIbIK MacCachIHbIH AECTPYKIMACHI
ypaici Gapeicbinaa JKana ©3en myHait maiteipsiabiy 300 °C TeMmneparypara OeHiHI JKSHIN KoHE opTa
(bpakuusIap/AblH IBIFBIMBIH aPTTHIPATHIH JKOHE KHUHETHKAJIBIK TYTKBIPIBIKTHI TOMEHIETYIe dcep eTeTiH
Herisri (akTopyiap aHBIKTAIABI, OJNAp: AJICKTPOAAPAIBIK KAIIBIKTBIK, OHJCY Y3aKTBIFBI JKOHE PAa3psAThI
KepHey.

Kinm  ce30ep: SNeKTPrUIPOUMITYIBCTI TEXHONOTHS, MYHal MIAffbIpbl, KHHEMAaTHKAJBIK TYTKBIPIBIK,
3NEKTPOAAPAITBIK KAIIBIKTBIK, KEPHEY.
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M.U. Baiikenos, A.JK. Catei0angun, 3.K. AliTnaesa,
A.b. Kapumona, H.2K. Paxumxanosa

HUccaenoBanue BJIMSIHUS 3HeKTpOFl/II[pOI/IMHy.]1]>CHOﬁ TEXHOJIO0I'UH
Ha (l)I/I3I/IKO-XI/lMl/I‘IECKI/Ie XapaKTEePUCTHKHU He(l)TﬂHLIX mJjiamMoB

CraTbs MOCBSIIEHA UCCIIEIOBAHHUIO BINSHUA 3JIEKTPOrHAPOUMITYJIbCHOM 00pabOoTKH Ha (PU3UKO-XMMUYECKUE
XapakTepucTHku HepTsHoro murama JKama O3¢H ¢ HCIONB30BAHHEM METO/A BEPOSTHOCTHO-ICTEPMH-
HUPOBAHHOTO IUIAHUPOBAHHS AKCHEPHMEHTA, B KOTOPOM YUYHTHIBAETCS B3aHMHOE BIMSIHHE PA3IMYHBIX (ak-
TOPOB. Y CTAaHOBJICHO, YTO JOMHHUPYIOIMMH (haKTOPAMH, BIUSIONVMYI Ha YMEHBIICHHE BEIMUMHBI KHHEMa-
THUYECKON BS3KOCTH M yBEJIMUCHHE BBIXOAA JETKoH M cpexHeit ¢paxuuii 1o 300 °C u3 Heprenmiama XKana
O3eH B mpolecce AECTPYKIMU TSDKENONH YacTH OpPraHUYeCKOW Macchl He(TH, SBIAIOTCS MEXIIEKTPOAHOE
paccTosiHue, MPOJOIKUTEIBHOCT 00PabOTKU U pa3psAHOE HAMPSIKEHHE.

Kniouesvie cnosa: DJIEKTPOTUAPOUMITYJIbCHAST TEXHOJIOTUS, He(bTﬂHOﬁ iaM, KHHEMaTH4YCCKasaA BA3KOCTbD,
MEXKDJIEKTPOAHOE PACCTOAHUE, HATIPSIHXKEHUE.
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