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Research of amino acid content of Cichorium intybus L. and Urtica dioica L.
by means of gas-liquid chromatography

Content of amino acids in Cichorium intybus L. and Urtica dioica L. has been presented. Researches were
carried out by means of gas-liquid chromotography. 20 amino acids were revealed in C. intybus L. and U. dio-
ica L., (mg/100 g), glutamate: 32 <2568; aspartate: 916 < 1820; alanine: 23 < 1235; proline: 38 <962; glycine:
21 < 425; leucine: 29 < 42; isoleucine: 24 < 626 and arginine: 36 < 58. Leaves of U. dioica L. and stems of
C. intybusL. contain more glycine than stems of U. dioica L. In C. intybus L. flowers contain more amino acids
than leaves and stems. In U. dioica L. leaves contain more amino acids than flowers and stems. In leaves of
U. dioica L. valine volume was 1.5 times higher than in C. Intybus L. Amino acids’ content in stems of C. inty-
bus L. and U. dioica L. were almost identical. Leucine content in leaves and stems was in 1.5-2 times higher
in C. intybus L. than in U. dioica L. The lowest cysteine volume was in leaves and stems of C. intybus L.
Methionine volume was higher in U. dioica L.

Keywords: Cichorium intybus L., Urtica dioica L, gas-liquid chromatograph, amino acids, flowers, stems,
leaves, BAS.

Introduction

Biologically active substances (BAS) are able to restore pathologically changed organism functions of
animals and humans, at the same time they are an admissible source of medicine revealed in various ways.
Amino acids are known to be the most important components of biologically active substances. Kazakhstan is
rich with both cultivated and important and useful medicinal plants. Area of using the medicines obtained from
such plants extends from year to year due to their effectiveness. Identification of plant composition increases
quality of selection of raw material for its use in pharmacology. Amino acids hold a specific place in the
physiological processes taking place in a human body. At unbalanced nutrition or in case of disease to support
the normal level of amino acids the medicines obtained from such medicinal plants are applied. Cichorium
intybus L. and Urtica dioica L. belonging to the Asteraceae family are unique among such plants. Researches
proved Cichorium intybus L. and Urtica dioica L. to be the sources of biologically active substances [1].

Totally the genus Urtica includes 50 species, among them one can find only three species in Kazakhstan;
and the genus Cichorium includes more than 1000 species, in Kazakhstan one can find only one of them. The
most widespread species from these two genera are Urtica dioica L. and Cichorium intybus L. They are spread
across all Kazakhstan and do not choose the soil [2].

Nowadays one of the most used in agriculture, medicine, pharmaceutics, dietology and food industry and
effective sources of raw materials are Cichorium intybus L. and Urtica dioica L. Their various pharmacologi-
cal, biological and physiological properties are being comprehensively investigated. Nevertheless, studying
the amount of biologically active substances and properties in plants with undetermined complete compound,
namely in Cichorium intybus L. and Urtica dioica L., remains very relevant [3, 4] for today.
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As it is noticed above amino acids are an important component of biologically active substances [1-3].

Since the molecules of protein compounds which are so important for existence consist of residues of
amino acids, their value is great. In the nature there are more than 150 types of amino acids. About 20 of them
are monomers of block groups performing very important functions in the structure of protein molecules.

Amino acids are known to take part in the processes of metabolism of an organism. As people and all
animals cannot produce amino acids therefore they may get them from the food in ready form. Nowadays the
method of biotechnological synthesis is applied (chemistry and microbiology) for producing the amino acids.
After that amino acids are added to food of people and animals. Also amino acids are the industrial polyamides
which are the products which are always used in production of paints and drugs [2—4].

Under the influence of arginine, one of the major amino acids in a protein molecule functioning in the
thyroid gland, which is responsible for exchange of calcium in an organism, improves. Arginine slows down
growth of tumors including malignant. It is also applied for increase of functions of purification and excretion
of waste of nitric exchange in kidneys [3, 5].

Amino acids, necessary for human, enter our bodies together with food. Valine, leucine, isoleucine, me-
thionine, threonine, phenylalanine, lysine, arginine, histidine and tryptophane are the most necessary among
them. Availability of these amino acids as a part of our food increases nutritional value of any product. It is
known that about twenty amino acids take part in protein biosynthesis [4—7].

Amino acids hold a specific place in a human body. For example, glutamine was one of the first the
synthesized amino acids. The Japanese scientist Kinosita in nature found a special bacterium Micrococcus
glutamicus and extracted from it this acid. This bacterium can be used for obtaining glutamic acid from nearly
50 % of glucose added to the medium. Nowadays about one hundred thousands of tons of this acid per a year
are manufactured in Japan and the USA at special plants. Glyutamic acid in food industry is added to products,
improving their quality. In medicine glutamic acid is applied in treatment of diseases of a nervous system.

One of the important amino acids in a molecule of protein is the lysine. 2.1 kg of synthesized lysine being
added will cause animals’ weight increase for 13.6 % in average, and costs for protein will decrease by 20—
25 %. This amino acid is considered to be the most valuable and necessary additive in nutrition ration [5].

Applying lysine in bread baking increases its nutrition value. The lysine in a large amount is also produced
by Enterobacter aerogenes, Proteus spp., Bacillus subtilis and Torula utilis.

Under the ultraviolet influence Micrococcus glutamicus can synthesize lysine. Nowadays lysine produc-
tion by using this bacterium is promoted to the industrial level. As the result about ten thousand tons of lysine
per a year is produced in Japan, the USA and in other countries [3]. There are two leading companies in the
world market of L-lysine production such as the Japanese Ajinomoto Co and the American Archer Daniels &
Midlands (ADM), which control 33 % of the world production. Other large players in the market are Degussa-
Huels (Germany), BASF (Germany), Kyowa Hokko (Japan) and Cheil Jedang Corporation (South Korea) [8].

In our research it was revealed that such plants as Cichorium intybus L. and Urtica dioica L., in turn, are
the sources of amino acids. In this connection the aim of our research is to determine the volume of amino
acids in Cichorium intybus L. and Urtica dioica L. The amount of amino acids in the samples of Cichorium
intybus L. and Urtica dioica L. was determined by means of gas-liquid chromotography using the device Carlo-
Erba-4200 (Italy-USA).

Experimental

Samples of Cichorium intybus L. and Urtica dioica L. collected in September-October 2016—2017 in the
Medeo mountains of Almaty area were the objects of our research.

1 g of raw material was hydrolyzed at 105 °C within 24 hours in 6N HCI. The obtained hydrolyzate was
evaporated in a drying rotor by 3 times, before drying at a temperature of 40-50 °C and atmospheric pressure
in 1 atmosphere. The residue formed was dissolved in 5 ml of sulfosalicylic acid. In 5 minutes the centrifuged
liquid of ionomixed pitch was passed through a pipe by means of a mesh of Dauks 50, N-8, 200—400 with
velocity of 1 drop per a second. After that pitch was rinsed in 1-2 ml of water and 2 ml of 0.5N acetic acid;
then pitch was rinsed with water till obtaining the neutral medium. For an elution of amino acids a sample was
passed through a pipe of 3 ml of 6N NH4OH with velocity of 2 drops per a second. Eluate was gathered together
with water into a flask with a round bottom. After that the substance from a flask was evaporated in a rotor-
evaporator under the pressure of 1 atmosphere at 45-50 °C, till drying. Into the same flask there was added
1 drop of freshly prepared solution of 1.5 % SnCl,, 2,2-dimetoxypropane, HCI and 1-2 ml of dense propanol;
then it was heated at 110 °C temperature. This temperature was maintained during 20 minutes, and then the
eluate was again evaporated in a rotor-evaporator.

Cepusa «Xumunsi». Ne 3(95)/2019 9



M.B. Akhtayeva, G.Ye. Azimbayeva

At the following stage 1 ml of freshly prepared acetylated reagent was added to a flask, heated during
1.5-2 minutes at temperature of 60 °C. This reagent was evaporated till drying, then a sample was again evap-
orated in a rotor evaporator; 2 ml of ethyl acetate and 1 ml of saturated NaCl solution were poured into the
flask. The flask was mixed slowly, at this moment the 2 layers were formed; for gas chromatographic analysis
the top layer was taken. Experiment was carried out by the method of gas chromatographic analysis using
«Carlo-Erba-4200» device (Italy-USA) [9—11]. The data obtained during the research are presented in Table 1.

Table 1

The volume of amino acids in the samples of Cichorium intybus L. and Urtica dioica L., mg/100 g

Cichorium Cichorium Cichorium Urtica Urtica Urtica
Amino acids intybus L. intybus L. intybus L. dioica L. dioica L. dioica L.
leaves stem flower leaves stem root

Threonine* (Thr) 198 182 220 750 384 19
Serine (Ser) 248 234 266 206 68 30
Glycine (Gly) 265 225 300 425 228 21
Alanine (Ala) 714 610 915 1235 754 23
Valine* (Val) 224 202 235 558 325 24
Methionine(Met) 83 73 98 82 30 -
Isoleucine* (Ile) 368 352 372 626 406 24
Leucine* (Leu) 342 315 364 317 214 29
Aspartate (Asp) 1208 1118 1278 1820 916 —
Glutamat (Glu) 2456 2340 2568 348 194 32
Cystine (Cys) 36 26 42 4 2 —
Lysine* (Lys) 224 196 260 342 156 25
Arginine(Arg) 328 305 355 585 478 36
Ornithine(Orn) 2 1 3 376 190 14
Tyrosine (Tyr) 284 270 303 4 2 —
Phenylalanine* (Phe) 255 248 271 2996 2486 —
Tryptophane (Trp) 65 55 88 156 78 —
Proline (Pro) 452 435 476 962 722 38
Histidine (His) 209 192 228 492 322 —
Oxyproline (Oxn) 2 1 3 524 318 32

Note. ¥ — non mixed amino acids.

Results and Discussion

The composition of Cichorium intybus L. and Urtica dioica L. was revealed to be rich with amino
acids. 20 types of amino acids were found in Cichorium intybus L. and Urtica dioica L. Among them
(mg/100 g) glutamate: 32 < 2568, aspartate 916 < 1820, alanine: 23 < 1235, proline: 38 < 962, glycine:
21 <425, leucine: 29 < 425, isoleucine: 24 < 626 and arginine: 36 < 58. According to results of our research,
in comparison with Cichorium intybus L. leaves of Urtica dioica L. contain more glycine; and in turn stems
of Cichorium intybus L. contain more glycine than stems of Urtica dioica L.

In Cichorium intybus L. flowers contain more amino acids than leaves and stems. In Urtica dioica L.
leaves contain much more amino acids than flowers and stems, twice. In leaves of Urtica dioica L. valine
amino acid volume was 1.5 times higher than in Cichorium intybus L. Content of amino acids in stalks of
plants of Cichorium intybus L. and Urtica dioica L. were almost identical. In leaves and stem of Cichorium
intybus L. leucine content in 1.5-2 times more than in Urtica dioica L. The volume of cysteine was least of all
in leaves and a stalk of Cichorium intybus L. Methionine volume in Urtica dioica L. was higher than in Cicho-
rium intybus L.

Results of our research have something in common with literary sources about structure of the herbs,
which underwent an experiment, namely they are rich source of such amino acids as glutamate, aspartate,
alanine, proline, arginine, leucine, serine, isoleucine, tyrosine, lysine and glycine [12, 13]. The plants studied
by us are widely used in traditional medicine at treatment of many diseases; also they have homeopathic prop-
erties. They have property to keep amino acids in the normal state. Also they can be applied not only in the
medical purposes, but also as technical raw materials [14].
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Amino acids are considered to be a unit of structural proteins. Also proteins participate in such phenom-
ena as digestion, irritation, division, reproduction, the movement; and they are a source of life of live organ-
isms. Protein acts as antibodies protecting a human body from microbes and pathogenic agents [13, 15]. In
recent years great attention is paid to production of amino acids necessary for protein synthesis. Before they
were made by hydrolysis from valuable raw materials with a large amount of protein, and it demanded big
expenses. For the last ten years the new microbiological method of obtaining amino acids has been developed
[14].

Conclusions

For the first time the volume of amino acids in Cichorium intybus L. and Urtica dioica L. growing in the
Medeo Mountains in Kazakhstan was revealed. In total 20 amino acids were revealed, among them the most
amount was found in flowers of Cichorium intybus L. and in leaves of Urtica dioica L.
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M.B. AxraceBa, I'.E. AsumbacBa

Cichorium intybus L. x3ne Urtica dioica L. ecimaiKTepiHiH KypaMbIH/IaFbl
AMHHKBIIIKbLIIAPBIHBIH MOJIIIEPiH ra3cyibIKTHIK XpoMaTorpadus dxiciMeH 3eprrey

Maxkanana Cichorium intybus L. xane Urtica dioica L. eciMaikTepiHiH KYpaMbIHIaFbl aMUHKBIIIKbUIAAPbIHBIH
MOJIIIEPIH aHBIKTAy HOTIIKENEpi KOPCETUIreH. 3epTTey JKYMbBICHI ra3cyMbIKTBHIK XpoMmaTorpadus omiciMeH
«Carlo-Erba-4200» (Urtanus—CIIIA) ra3cyibIKTBIK XxpomarorpadsiHaa Kyprisingi. 3eprrey HOTHXeci 60-
weHma Cichorium intybus L. xone Urtica dioica L. ecimpaixrepinne 20 aMUHKBIIIKBUIAPHI TaOBLIIBI
(mr/100 1), omapabeIe MemmIepi: TmoTamar: 32 < 2568; acnaparar: 916 < 1820; ananun: 23 < 1235; nponnn: 38
< 962; rmuuuH: 21 < 425; neiinun: 29 < 42; usonednuH: 24 < 626 xoHe apruHuH: 36 < 58 apanbIFbiHAA.
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U. dioica L. xanviparsinza xasHe C. intybus L. cabarbinia rauuunHIH Memuepi kem, U. dioica L. cabarpiHa
kaparauna C. intybus L. ryniHae aMMHKBIIIKBUIAAPBIHBIH MOJILIEP] )KOFapBl, KaNbIparbl MeH cabarbIHa Kapa-
rauna. U. dioica L., xansiparbiHia cabarbl MEH TaMbIPbIHA KapaFraH/a, aMUHKBIIIKbIIIAPBIHBIH MOJILIEPi Kell.
U. dioica L. xansiparsiaia BanHHIH Meumepi 1,5 ece sxorapsl, C. intybus L. kaparauna, C. intybus L. sxone
U. dioica L. ecimuikTepiHiH cabarbIHAa aMUHKBIIKBLUIIAPBIHEIH Memmepi mamanac MoHre ue. C. intybus. xa-
TIBIpaFbl MeH cabarbiaaa, U. dioica L. ecimairine Kaparanza, JJSHIIMHHIE Memepi 1,52 ece >koFapbl. Al nuc-
tenHHiH Moimepi C. intybus L. xarbsiparsl MeH cabarblHza eH a3 Menmiepi kepcerTi. CoHali-ak METHOHIH-
HiH meuepi, C. intybus L. xaparanna, U. dioica L. xorapsl Memiep/ie TaObUIIbL

Kinm cesoep: Cichorium intybus L., Urtica dioica L, ra3cyiBIKTBIK XpoMaTorpadust, aMUHKBIIIKBIIIAPEIL, TYJI,
caOarsl, sxanbIparsl, bb3.

M.B. Axracsa, I'.E. AsumbacBa

HccnenoBanne o0beMa aMUHOKHUCIOT B coctaBe Cichorium intybus L.
u Urtica dioica L. ¢ noMomib10 ra3o:kuaK0CTHOI XpomMaTorpadgun

B crartbe npencraBineHsl pe3ynbTaThl onpeneneHus oobema aMuHOKHUCIOT Y Cichorium intybus L. n Urtica
dioica L. MccrnenoBaHus MpoBOAMIICH METOIOM Ia30)KUAKOCTHOH xpoMarorpaduu Ha npudope «Carlo-Erba-
4200» (Uranus—CILA). 20 amunokucnoT 6buti obHapysxkenst y C. Intybus L. u U. Dioica L. (mr/100 r), riro-
tamart: 32 < 2568; acnaprat: 916 < 1820; amanun: 23 < 1235; nponun: 38 < 962; rouuun: 21 < 425; neiuun:
29 < 42; nzoneinun: 24 < 626 u aprunus: 36 < 58. Jluctes U. dioica L. n crebnu C. intybus L. conepxat
Oomnple rauunHa, yeM credmu U. dioica L. Y C. intybus L. nBetku conepxat 00Jblie aMUHOKUCIIOT, YeM JIH-
cTbs ¥ crebmu. B muctesax U. dioica L. conepxurcs 6obIe aMIHOKHCIIOT, YEM B [IBETax U cTeOIsiX. B meThax
U. dioica L. o6beM BasmHa Ob11 B 1,5 pasa Beie, 4eM B C. intybus L. ConeprkaHne aMHHOKHCIIOT B CTEOJISX
C. intybus L. n U. dioica L. 6b110 npakTuuecku oanHakoBbIM. JIuctest u credmm C. intybus. L. conmepixar
B 1,5-2 pa3za Goubie seiinuHa, yeM B U. dioica L. O6beM 1uicTerHa ObIT MEHBIIE BCETO B IUCTHIX U cTEOIX C.
intybus L. O0bpeM metuonnna B U. dioica L. 6b1n Boiie yeM, y C. intybus L.

Kniouesvie cnosa: Cichorium intybus L., Urtica dioica L., Ta305)KUAKOCTHasE XpoMaTorpagus, aMUHOKUCIIOTHL,
LIBETHI, cTe0IH, TUCThs, BAB.
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Synthesis of a composite material based on coal mining waste
using wave chemistry methods

Studies for developing composite materials based on coal waste in combination with coal and polymer raw
materials under the influence of ultrasound have been carried out within the framework of creating effective
and environmentally friendly technologies for the deep processing of coal waste and the production of new
valuable import-substituting chemical products for various purposes. Burned rocks (BR) are used as a filler in
the composite material that is a product of oxidative self-firing of waste rock extracted along with coal to the
surface. Sodium humate (HNa) obtained by alkaline extraction from oxidized coals from the Shubarkol deposit
was used as a modifier. A polymer was introduced into the matrix to increase the chemical resistance and
increase the life cycle of the composite material. Polystyrene was used as a polymer in the matrix of the com-
posite material. The choice of polystyrene is due to its widespread application in construction, medicine, and
food industry as well as its ease of processing. It is distinguished by high rigidity, hardness and excellent trans-
parency values. Composite material was obtained by the traditional method of impregnation using ultrasonic ex-
posure. By varying the composition of the matrix and the filler, a composite material was obtained properties
of which were quantitatively and qualitatively different from the properties of each of its components. The
X-ray phase composition of new composite materials was studied on a DRON-2.0 diffractometer using Co(Ka)
radiation. Microscopic analysis was performed using a scanning electron microscope to study the surface mor-
phology of the synthesized composite. The resulting composite can be used as a building material.

Keywords: burnt rock, sodium humate, ultrasound, polymerization, reaction initiator, styrene, polystyrene,
composite material.

Introduction

Questions on the creation of efficient and environmentally friendly technologies for the deep processing
of coal waste and the production of new, valuable import-substituting multi-purpose chemical products that
are globally competitive are promising and relevant. Burnt rocks that are products of oxidative self-firing of
waste rock extracted along with coal to the surface should be considered as an important object of study. Every
year in Kazakhstan, about 40 million cubic meters of burnt rock are produced with the underground mining of
coal deposits, which are stored in dumps of various shapes and sizes, occupying a large area of land, polluting
the air basin and adversely affecting the environment.

Burned rock of coal deposits, resulting from natural self-firing, should be attributed to promising minerals
that can be used as raw materials for processing into various products. The disposal of such wastes and the
development of methods for obtaining industrially important products on their basis are of current importance
for the Republic of Kazakhstan.

The scope and properties of burned rocks are determined by the conditions of formation, namely the
composition of the mineral part and the firing temperature. The importance of burnt rocks as a raw material
for processing into various products of construction and filtration purposes is confirmed by significant foreign
experience [1-5]. Burnt rocks can be used in the production of binding materials in addition to the construction
industry [6, 7]. High adsorption activity and adhesion with organic binders allow their use in asphalt and pol-
ymer compositions. Burned rock has a ceramic nature and can also be used in the production of heat-resistant
concretes and porous aggregates. Some burnt rocks have a lower average density, which allows their use as
aggregates for light mortars and concretes [8, 9].

Currently, there is a considerable interest in research related to the development of new methods for
producing composite materials based on coal mining waste and polymer raw materials using ultrasonic expo-
sure and the study of their properties.
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The combination of coal waste with polymers leads to the creation of new composite materials those
properties are quantitatively and qualitatively different from the properties of each of its components. By var-
ying the composition of the matrix and filler, one can get a wide range of materials with the desired set of
properties. Therefore, many composite materials are superior to traditional materials in their mechanical prop-
erties. It should be noted that very little attention has been paid to the development of composite materials
based on burnt rocks with synthetic polymers. One of the most important problems arising from the creation
of such composites is associated with the need for a uniform distribution of the polymer matrix. Improvement
of the technology of synthesis of composite materials allows the use of ultrasound (US).

The method for producing new multi-purpose composite materials based on coal mining waste and pol-
ymer raw materials using ultrasonic activation has been developed in order to improve chemical resistance,
reduce porosity, increase density, water resistance, as well as to improve the strength and deformative indica-
tors. In this regard, it is advisable to develop composite materials based on burnt rocks in combination with
coal and polymer raw materials under the influence of ultrasound. Such work with such objects has not been
described yet in the literature.

Experimental

Polystyrene (PS) was used as a polymer to create a composite material. Pure styrene CsHsCH=CH, was
used to obtain polystyrene, which is a colorless transparent liquid, with boiling point 145.2 °C and refractive
index n*%=1.5468. The polymerization of styrene was carried out by a block method in the absence of a sol-
vent, where only monomer and initiator were present in the reaction medium. The initiator used was benzoyl
peroxide, the content of which ranged from 0.1 % by weight of styrene. The polymerization process was car-
ried out at a temperature of 80 °C for 1 hour. There was formed yellowish mass, soluble in benzene, insoluble
in water and ethanol. The polymer yield was 48.02 %.

Burned rocks (BR) were used as filler in composite materials that is a product of oxidative self-firing of
waste rocks extracted along with coal to the surface modified by the modifier.

Sodium humate obtained by the method of alkaline extraction from oxidized coal from the Shubarkol
deposit was used as a modifier. Characteristics of HNa are as follows: Y COOH + OH — 4.5 mEq/g,
>COOH — 3.0-3.5 mEqg/g, A — 13-15 %, W* — 10-12 %, nitrogen content — less than 1 % [10].

The ultrasound unit IL.-100-6/2 with a maximum power of 1200 W and a cylindrical waveguide was used
as an ultrasound source. The device was equipped with an ultrasonic IL-10 generator with a magnetostrictive
transducer with an operating frequency of 22 kHz.

Composite material composition polystyrene-burnt rock-sodium humate (PS+BR+HNa, 2:1:1) was syn-
thesized as follows. The objects of study were obtained by the traditional method of impregnation of filler
(burnt rock) with a modifier solution (sodium humate) of a given concentration under the influence of ultra-
sonic treatment for 10 minutes (ultrasound frequency 22 kHz). Next, the mixture was left for impregnation for
24 hours. The composite was dried in a stream of air at 80 °C for 4 hours after impregnation. The resulting
composite material composition (BR+HNa, 1: 1) was further impregnated with hot styrene at a ratio: polysty-
rene — burnt rock — sodium humate (PS+BR-+HNa) that was equal to 2:1:1.

The surface modification of the burned rock was carried out by the methods of impregnation with modi-
fier water solutions at a ratio of BR+HNa (Solid:Liquid = 2:1, 1:1 and 1:2) at 25 °C, holding suspensions for
1 day, and also under ultrasound conditions radiation, ultrasonic processing time was 0—15 minutes. The con-
trol of reactions of modification of the burning rock was carried out by the methods of IR-spectroscopy.

X-ray phase analysis was used to identify mineralogical composition of burnt rock. Phase composition
of composites was studied using diffractometer DRON-2.0 with Co(Ka)-radiation L =1,7902 A in interval
10°-90° (20), velocity of counter rotation was 2 grad/min, /=10 mA, U=30kV.

Scanning electron microscope MIRA-3 by TESCAN was used for microscopic analysis to study mor-
phology of the composite synthesized.

Results and Discussion

Burnt rocks from the dumps of the mine named after Gorbachev, Karaganda region were used in the
work. The burned rocks extracted from the mine’s waste heaps are a brick-red fissured, comminuted stones,
and washed away with plenty of water to eliminate carbonaceous and other inorganic impurities. The physico-
chemical characteristics of the burnt rock are presented in Table 1.
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Burned rock parameters

Table 1

. Bulk specific . Water Mechanical strength, %
3 0,
Sample Density, kg/m weight, kg/m? Porosity, % absorption, % Grindability Abrasion
Burnt rocks 2.66 1000 15 52 3.7 0.4

Burnt rock used has the following chemical composition, namely silicon (59 %), aluminum (25 %),
iron (45 %), potassium, calcium, magnesium up to 2 %, sodium, titanium, and phosphorus up to 1 %. The
composition of burned rocks includes valuable natural cement that is the result of burning of limestone and
clay in the process of burning coal.

Modification was carried out using sodium humate based on oxidized coals from the Shubarkol deposit
in order to improve the technical parameters and reduce the porosity of the burned rock. The effectiveness of
sodium humate as chemical and structural modifiers for the filler is due to the peculiarities of its molecular
structure, polyfunctionality, the ability to various chemical reactions, as well as donor-acceptor and hydropho-
bic interactions. The method is based on the immobilization of humate in the porous structure of the burnt rock
using ultrasonic dispersion.

The optimal ratio of the initial components is the 1:1 ratio and the optimal ultrasound treatment time is
10 minutes. Ultrasonic processing allows achieving a uniform distribution of sodium humate over the entire
volume of the rock. The results of silicate analysis of the impregnation of the burnt rock with sodium humate
solution of a given concentration under the influence of ultrasonic treatment for 10 minutes showed that ultra-
sound promoted the change in the content of silicon and aluminum oxides in composites. Thus, under the
influence of US in composites, the content of silicon oxides was significantly reduced (58 %) and the content
of aluminum oxides (28 %) increased, which significantly reduced the silicate module in comparison with the
module of the initial burnt rock. Upon obtaining the composite BR+HNa removal of oxides of iron, titanium,
phosphorus and calcium in the filtrate was observed. The content of exchangeable sodium increased signifi-
cantly. At the same time, the composites were enriched with calcium and magnesium ions, iron and potassium
ions went to the filtrate.

The main disadvantage of composite material (BR+HNa) is its poor chemical resistance when operating
in real conditions, when the material is influenced by many factors, namely temperature, aggressive environ-
ment, mechanical loads, etc. One way to increase the life cycle of composites is to impregnate the surface of a
material with polymers and epoxy resins.

We used polystyrene as a polymer in the composite material. The choice of polystyrene is due to its
widespread use in construction, medicine, food industry, electrical engineering as well as its ease of processing.
Being a rather fragile material, it is distinguished by high rigidity, hardness and excellent transparency values.
The main features of polystyrene include lightness, good mechanical properties and low cost compared with
other polymers. Polystyrene is relatively low heat resistant, but very water resistant and frost resistant and has
exceptional electrical insulating properties. It has the greatest application in the electrical industry. Recently
its use has been expanding for the manufacture of building products and materials, in particular in the manu-
facture of concrete products with improved quality indicators, the so-called polymer concrete.

Composite material of polystyrene-burnt sodium-humate rock was obtained by the traditional impregna-
tion method of a modified modifier (sodium humate) of a given concentration under the influence of ultrasound
of the filler (burnt rock) with a hot polystyrene solution at a ratio: polystyrene-burnt sodium-humate rock
(PS+BR+HNa) that was equal to 2:1:1 and 3:2:1. When cooled, the composite mass hardens. The results of
the study are shown in Table 2.

Table 2
Effect of various factors on the yields of composites (PS+BR+HNa)

Composite Ratio (L:S:S) US, min Yield, %
0 87.40
2:1:1
PS+BR+HNa 10 80.48
3941 0 79.58
- 10 72.20
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Among composites PS+BR+HNa = 2:1:1 and PS+BR+HNa = 3:2:1 the composition of PS+BR+HNa =
=2:1:1 (US) is the most promising. Ultrasonic pre-treatment of burnt rock with sodium humate provides a
tighter binding between the components. The low content of sodium humate (1/4 of the mass in comparison
with the composition of PS+BR+HNa = 3:2:1, where the content of sodium humate is 1/6 of the mass) reduces
the chemical resistance of the composite.
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a — the original burning rock; b — the composite BR+tHNa=1:1 (US=10 min);
¢ — the composite PS+BR+HNa=2:1:1 (US=10 min)

Figure 1. Radiograph

The inorganic part of burned rocks was represented by feldspar minerals, quartz magnetite and hematite
according to X-ray phase analysis (XRA). The main component is a-SiO, quartz. The heights are indexed in
the interplanar spacing for composite PS+HNa (US), namely d=2.11 A, d=2.32 A (hematite), d=3.03 A
(calcite), d=3.33 A, d=3.48 A (microcline), d=3.57 A, d=4.36 A. The main component is a-quartz SiO,
with d=2.11 A, d=3.33 A, d=4.36 A. The heights are indexed in the interplanar spacing for composite
PS+BR+HNa (US), namely d=1.82A, d=2.12A, d=220A, d=252A, d=286A, d=3.11A,
d=335A, d=4.09A, d=424 A. The main component is a-quartz SiO, with d=1.82 A, d=2.12 A,
d=335A, d=4.09 A, d=424 A. a-Fe;0;4 is converted into y-Fe;Os in the range of 2.52 A, y-Fe;O3 —
d=220A,d=2.68A,d=3.11 A and FeO-Al,Os (microcline) with d = 2.86 A.

The results of the study of the synthesized composite (PS+BR+HNa=2:1:1) surface morphology are
shown in Figure 2.

b—x20,100 ¢ — x210,000

Figure 2. Microphotographs of composite PS+BR+HNa = 2:1:1 (US = 10 min)

Pictures of the PS+BR+HNa composite produced by US (Fig. 2) show a rough surface, which consists of
two distinct structures, namely darker substrates and lighter inhomogeneous grains that are 10—11 microns in
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size. Lighter grains rise and have an irregular structure. Troughs and elevations are distinguishable in both
structures. An increase of 24,200 times (Fig. 2b) shows a part of a dark substrate, which looks like consisting
of smoother and more uniform growths with rounded edges, and grainy-like rounded protrusions that are
1-2 um in size are also distinguishable on them. A further increase (Fig. 2¢) gives a flat and homogeneous,
although not devoid of roughness, surface. The grain is almost completely absent; there are extremely small
protrusions, the dimensions of which are much less than a micron, which testifies to the positive influence of
the US on the distribution in the composite of components.

Conclusions

Thus, a new composite material was developed using the methods of ultrasonic exposure. By varying the
composition of the matrix and filler, the mechanical strength of the composite has been increased. Microscopic
analysis was performed using a scanning electron microscope MIRA-3 to study the surface morphology of the
composite synthesized. The results of the mapping of the elemental composition of the obtained composites
fully confirm their composition. The phase composition of new composite materials was studied on a DRON-
2.0 diffractometer using Co(Ka) radiation. The resulting composite can be used as a building material.

The work was done with the financial support of the Ministry of Education and Science of the Republic
of Kazakhstan on the target program No. BR05236438 «Development of the scientific foundations of high-tech
and resource-saving technologies for producing multifunctional materials based on natural, synthetic raw
materials and coal processing wastey.
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ToakpIHABI XUMHUSI JiCTEPiH NaliAaTaHy APKbLIbI KOMip eHAipy
KAJIIIKTAPbIHBIH HeTi3iH/Ae KOMIO3UIHUSAIBIK MATEPHAJAbI CHHTE3ey

KeMip eHzipy KaJIBIKTapbIH TEPEH OHJICY XKOHE KOl MaKcaTTa KOJIJaHyFa apHaJIFaH jkaHa KYH/Ibl MMIIOpTall-
MAaCTBIPAThIH XUMHMSUIBIK OHIMIEpi OHAIpY GOMBIHIIA THIMI JKOHE SKOJIOTMSUIBIK Kayillci3 TEXHOJIOTHsIIap bl
KYpy asICBIHAA yJIbTPAABIOBICTEIH dCEpPiMEH KOMIp JKoHE ITOJIMMep IIUKi3aThIMEH Oipre TIpKeCTIKTe KoMip oH-
Jipy KaJIBIKTaphl HETi31HIe KOMIIO3UTTIK MaTepHanaap/bsl a3ipiiey OolbIHIIa 3epTTeyiep xyprizinai. Kommo-
3UTTIK MaTepral KYpaMbIH/a TOITBHIPFBIN PETiHAe MOAU(GHUKATOpMEH MOAN(HKAIMUIaHFaH, KoMipMeH Oipre
yKep OeTiHe IIBIFapbLIaThIH, 00C JKBIHBICTAP/IBI TOTHIKTBIPFBIII O3AIriHEH KYHIIPY OHIMI — KaHFBIII KBIHBIC
KonmanbUFaH. Moaudukarop perinze [lybapkes keH OpHBIHBIH TOTBIKKAH KOMIPiHEH CUITiNI SKCTPAKIHs i~
ciMeH OeJiHreH HaTpUil T'yMaTbl KOJNAAHBULABL XHUMUSJIBIK TO3IMIUTIKTI JKOFapbUIaTy JKOHE KOMIO3UTTIK
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MaTepHAIIbIH OMIPJIK [MKITIH apTThIPy YIIIH MaTpHLa KypambliHa monumep eHrisinreH. Ilommmep pertinze
KOMIIO3MTTIK MaTepHall MaTPULIAChIH/A MOJIMCTUPOI KOJIIaHbULIbI. [TonucTHpOI bl TaHAay OHBI OHICY Kapa-
HaiibIM/IBUIBIFBIHBIH aPKAChIH/Ia KYPBUIBICTA, MEAULIMHA/A, TAMAK OHEPKACiOiHe KeHIHEH KOJIlaHyFa Heri3el-
reH. O XOFapb! KATTHUIBIFB, OEpIKTIri KoHe MOJIIPIIKTIH TaMalla KepceTKimTepiMeH epexmeneni. Kommo-
3UTTI MaTepHall YIbTPagbIOBICTHIK oCep/Ii MaliiallaHa OTHIPHII, JOCTYPIIi CIHAIpY oxiciMeH anbsiHFaH. Marpuna
MEH TOJTBIPFBILITHIH KYPaMbIH TYPJICH/IPE OTHIPHIIN, KACHETTEPi OHBIH 9pOip Kypam/ac KACHETTePiHEH CaHIbIK
JKOHE carlajblK JKarblHaH CPEeKIICICHETIH KOMIO3HUTTI MaTeprall aabiH/bl. JKaHa KOMIIO3UTTIK MaTepHalliap-
IbiH peHTrenogasasik kypamsl JJPOH-2,0 nudpaxromerpinge Co(Ka)-coyneneny i naianana OTbIpbII, 3epT-
tenai. CUHTE3/IeNreH KOMIIO3UT OeTiHiH MOP(OJIOTUsICHIH 3epTTey YIIiH PacTPJbIK dICKTPOHIBIK MHKPOC-
KONTBI KOJIIAHY apKbUIbl MUKPOCKOIHMSUIBIK TaJlay JKYPTi3iai. AJIBIHFaH KOMIIO3UTTI KYPBUIBIC MaTepUalbl
peTinzae naiigananyra 6omazbl.

Kinm ce30ep: »aHFBIII XbIHBIC, HATPUI TYMATHI, YIETPaIBIOBIC, TOJUMEPH3ALISIIAY, PEAKIINs HHAINATOPEI,
CTHPOJI, TOJIUCTHPOJI, KOMITO3UTTI MaTepHail.

A.X. Kakuna, E.Il. Bacuneu, O.B. Apur, A.H. Axxonraii,
A.M. I'azanues, 3.M. Mynagaxmeros, C.O. Kenxxetaepa

Cunres KOMIIO3UIIMOHHOI'0O MaTepuajia Ha OCHOBE 0TX0/10B yI‘JIe,Z[06bI‘{l/I
¢ HCNOJIb30BAHNEM METOA0B BOJTHOBOM XMMUH

B pamkax co3manus 3h(HeKTUBHBIX U IKOJOTHUYECKH OE30MaCHBIX TEXHOJIOTHH 10 riTy6oKoil repepaboTke OT-
XOJIOB YTIIe00BIYH U IIPOU3BOJICTBY HOBOU IIEHHOH MMITOPTO3aMEMIAIONeH XUMIIECKON TPOTYKIIMH MHOTO-
L[eJICBOTO Ha3HAUCHUSI IPOBEICHEI HCCIICIOBAHMS 110 Pa3pabOTKe KOMIIO3UTHBIX MaTepHaIoB Ha OCHOBE OTXO-
JIOB yTJIeI00BIYY, B COUCTAHHUH C YTONBHBIM H ITOJIMMEPHBIM CBIPEM IT10]T BO3/ICHCTBHEM YIIbTpa3ByKa. B kade-
CTBE HAIIOJIHUTEIS B COCTaBE KOMIIO3UTHOTO MaTepuaja UCIOIb30BaHa ropesnas Mopojia — MPOIYKT OKUCIIH-
TEJIBHOTO CaMOOOXKHTa IMyCTHIX TIOPOJI, N3BJIEKAEMBIX BMECTE C YIJIEM Ha IOBEPXHOCTH, MOAU(DHITIPOBAHHAS
MozupukaTopom. B kauecTBe Mo uKkaTopa HCHOIB30BaH IT'yMaT HATPHS, BbIICICHHBII METO/IOM IIEJIOYHON
SKCTPAKIMU U3 OKUCJIeHHbIX yrieit LlyGapkoasckoro MmectopoxaeHus. st HOBBIIICHUS] XUMUUECKOH CTOM-
KOCTH M YBEIMYEHHs KH3HEHHOTO I[HKJIAa KOMIIO3UTHOTO MaTepuajia B COCTaB MAaTPUIIbI BBEJEH monumep. B
KauecTBE MOJIMMEpa B MaTPHIlE KOMIIO3UTHOTO MaTepHana HCIOJIb30BaH MOMUCTHPOoI. Beibop momicTrpona
00YCIIOBJICH €r0 MIMPOKUM IPUMEHEHHEM B CTPOUTENICTBE, MEAUIMHE, HUIIEBON MPOMBIIIIEHHOCTH OJ1aro-
Japst IpocToTe nepepaboTku. Ero oTaM4aoT BEICOKast )KECTKOCTh, TBEPAOCTh M OTIIMYHBIE ITOKA3aTeNu MIpo-
3pagHocTH. KoMITO3nTHEII MaTepHal MoaydeH TPAgUIMOHHBIM METOIOM IIPONUTKH C UCTIOJIb30BAHUEM YIIb-
TPa3BYKOBOTO BO3/eicTBHA. Bappupyst coctaB MaTpHIBI M HAIIOJHHUTES, TOJyYeH KOMIIO3UTHBIA MaTepua,
CBOIfCTBa KOTOPOr0 KOJMYECTBEHHO M KAUECTBEHHO OTIMYAIOTCS OT CBOMCTB KaX/JOT0 U3 €T0 COCTABIAIOIINX.
Penrtrexoda3oBblii cOCTaB HOBBIX KOMITO3UTHBIX MaTepualioB u3ydeH Ha audppakromerpe JJPOH-2,0 ¢ ncmosnb-
3oBanueM Co(Ka)-uznyuenus. g usydeHuss MopQoIorui HOBEPXHOCTH CHHTE3UPOBAHHOTO KOMIIO3UTA IIPO-
BEJIEH MUKPOCKOTINYECKHI aHaIM3 C HCIOJIb30BAHUEM PAaCTPOBOTO AJIEKTPOHHOTO MUKpocKona. [TomydeHnsrit
KOMITO3HT MOXET OBITh HCIIONIb30BaH B KAUECTBE CTPOUTEIILHOTO MaTepHaa.

Kniouesvie cnosa: ropeias nmopoaa, rymar HaTpusi, yJIbTPas3ByK, INOJIMMEpU3alusa, MHUIIUATOP pE€aKun, CTUPOJL,
NOJIMCTUPOIL, KOMIIO3UTHBIA MaTtepua.
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Prevention of developing experimental diabetes by reduced form of glutathione

Toxic properties of diabetogenic derivatives of 8-hydroxyquinoline (OX) and diphenylthiocarbazone (DC) on
the insulin producing cells of the pancreas and the protective effect of glutathione on its toxic action have been
investigated. The mechanism of action of OX derivatives is determined by their ability to form chelate salts of
1:1 composition with zinc-ions containing in B-cells via sulfur and nitrogen atoms at positions 8 and 1 and via
the oxygen atoms in positions 8 and 2. Diphenylthiocarbazone forms chelates salts with zinc of 2:1 composition,
where zinc is coupled to two molecules of dithizone via sulfur and nitrogen atoms. It is shown that the reduced
form of glutathione (GR), containing SH-radical in the structure, has the preventing effect only, unlike the
oxidized glutathione (GO) that doesn’t contain the SH-radical. It is found that administration of GR to animals
in the dose of 1000 mg/kg completely protects B-cells from destruction that is determined by formation of the
zinc-GR complex that is not toxic for B-cells. It has been supposed that there are 2 possible types of complex
of zinc with RFG: 1) that atom of zinc is fixed between atom of sulfur of the SH-radical and oxygen or nitrogen
atom; 2) atom of zinc is fixed between two atoms of sulfur of two SH-radicals of two molecules of RFG that
protect B-cells from formation of toxic complexes zinc-DC or zinc-OX.

Keywords: B-cells, reduced form of glutathione, oxidized form of glutathione, insulin, zinc, experimental dia-
betes.

Introduction

Diphenylthiocarbazon (DZ) and some diabetogenic derivatives of 8-hydroxyquinoline (OX) induce
formation of toxic chelate complexes such as «Zn-DC» and «Zn-OX» in cytoplasm of B-cells that result in
selective destruction of B-cells within 15-30 min and accompanied by developing of 1* type diabetes in
animals [1]. Later it was reported the preventive injection of some amino acids such as cystein and reduced
form of glutatione (GR) that contain sulthydril groups (SH) in the structure of a molecule accompanied by
protection of B-cells from destruction caused by DZ and OX that resulted in prevention of developing diabetes
in majority of animals [2-5]. High durability of the Zn">-DC complex of the 2:1 composition (Fig. 2) is deter-
mined by space elongation of the DZ molecule and disposition of two phenolic rings on the ends of a molecule
that does not prevent the atoms of sulfur and nitrogen located in the center of a molecule to approach zinc
atom. Besides, zinc atom is located between atoms of nitrogen and sulfur, regarding to which affinity of zinc
is very high and exceeds affinity to oxygen [6]. It was supposed that protective activity of cystein and histidine
could be determined by the presence of sulthydryl groups in a molecule because formation of chelate com-
plexes with DZ and OX was processed by connection of Zn atoms with atom of S, H, O or N [6]. The purpose
of investigation is to study the possible preventive effect of aminoacid GR on the model of isolated pancreatic
islets.

Experimental Methods

Animals. 16 Rabbits, weight 2400-2850 g.

Group 1. Injection of DC, 48.6-51.2 mg/kg.

Group 2. Injection of RFG, 970-1010 mg/kg and 10 min later of DZ, 49.8-50.6 mg/kg; 4 animals from
groups 1 and 2 were killed in 10 min after injection of DZ (la; 2a) and 4 animals — in 9 days after injec-
tion (1b; 2b).

Group 3. Injection of GO, which doesn’t contain SH groups in a molecule, 965 mg/kg. Animals were
killed 15 min later. Staining zinc in frozen sections of pancreas was determined by 8-para(toluenesulphonyl-
amino)quinoline (TSQ).

Group 4. Injection of GR, 1030 mg/kg. Animals were killed 15 min later. Staining zinc in frozen sections
of pancreas was determined by TSQ.
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Frosen sections of pancreas of animals 1a and 1b groups were investigated using dark microscopy. Blood
glucose level was measured in animals of 1b, 2a and 2b groups before injection of DC and 1, 3, 6 and 9 days
after injection. Aldehyde-fuchsine method [7-9] was used for analysis state of histostructure of pancreas tissue
and dithizon method with formation of red granules of Zn™-DC complex that is visible using dark microscopy.
Maximum of absorbance of Zn™-DC complex on spectrum of absorbance correspond for 530 nm [3]. TSQ, a
high specific fluorescent reagent, was used for staining Zn-ions in B-cells. TSQ forms fluorescent green com-
plexes with Zn*2-ions that are visible using fluorescent microscopy [10-12].

Results

Group la. Administration of DZ accompanied by formation of a large amount of red granules of
Zn"2-DC complex in cytoplasm of B-cells (Fig. 1). Maximal concentration of granules located on the pole of
B-cells contacted blood capillaries that correspond to concentration of deposited insulin.

Group 1b. Experimental diabetes. Blood glucose concentration increased from 5.2 = 0.3 mM to 12.6 mM
at 6 day and 16.4 = 1.7 mM at 9™ day (Table). Histology: necrosis and destruction of 70-90 % of B-cells
marked decreasing of insulin and zinc content in B-cells.

Group 2a. Preliminary injection of RFG resulted in almost complete prevention of formation of
«Zn-DZ» complex in B-cells (Fig. 2).

Group 2b. Administration of RFG before dithizon accompanied by prevention of diabetes development
in 3 animals from 4. In one rabbit (N3) blood glucose level increase till 9" day until 7.3. Histologic analysis
showed decreasing of insulin content in cells without marked histological changes.

Group 3. Injection of GR: positive reaction for Zinc in B-cells with TSQ (Fig. 1.3) determined by absence
of ability of OFG to bind zinc in B-cells; injection of DZ resulted in formation of complex zinc-DC in B-cells
and development of diabetes.

Group 4. Injection of GR: negative reaction for Zinc in B-cells as result of binding by GR (Fig. 1.4)

4

1 — Pancreatic islet of intact rabbit. DZ, 46.8 mg/kg. Large amount of red granules of complex Zn-DZ in
B-cells; Dark microscopy; x280.

2 — Pancreatic islet. reduced Glutathione 1012 mg/kg + DZ Dithizon, 50.1 mg/kg. Almost complete ab-
sence of complex Zn-DZ in B-cells; Dark microscopy; x280.

3 — Pancreatic islet. GO, 1015 mg/kg. Positive fluorescent reaction for Zn-ions in B-cells; x140.

4 — Pancreatic islet. GR, 965 mg/kg. Negative fluorescent reaction for Zn-ions in B-cells; x140.

Figure 1. Influence of RFG and OFG on amount of free zinc-ions in pancreatic B-cells
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Blood glucose concentration after injection of Dithizon,

reduced Glutathion (GR) + DZ and oxidized Glutation (GO)+DZ

Table

. Blood glucose concentration (mM)
Animals Dose of GR and GO, mg/kg | Dose of DZ, mg/kg before 9% day
DZ — 47.5-52.0 5.34+0.32* 19.8 £1.72*
GR+DZ 1005-1018 49.3-51.9 5.30+0.55 5.81+0.40
GO+DZ 955-1015 46.8-50.2 5.48+0.56* 17.2542.60*
Note. * — p <0.005.
Discussion

Results obtained showed that administration of RFG resulted in binding almost all amount of Zn-ions in
B-cells reversibly as least for 24 hours. Injection of DC after RFG was not accompanied by forming chelate
complexes Zn-DC in B-cells that resulted in prevention of damage and death of majority of B-cells and pre-
vention of developing diabetes in 3 animals from 4. It is known that aminoacids cystein and L-hystidine possess
the same property and their injection protects B-cells from destruction caused by DC and developing diabetes
in animals [6, 13]. Howerer, administration of OFG that doesn’t contain SH-radicals in the structure doesn’t
protect B-cells from formation of Zn-DC complex and from destruction and developing diabetes [13]. Binding
of Zn-ions of B-cells by glutathione was apparently confirmed by existence of negative reaction for Zn during
24 hours. After that the complex gradually dissociated up and 48—72 hours later DC was able to form toxic
complex in B-cells that accompanied by developing experimental diabetes in animals.

It is known that in the process of formation of the Zn*"2-complex with DC or OX zinc atom is fixed
between S or O atoms in position 8, and N or O atoms — in positions 1 or 2 (Fig. 2) [14]. OX contains active
OH radical in the 8 position of quinoline ring or other radicals that contain S, N or O atoms (Fig. 2).

A. Albert [14] showed that 8-hydroxyquinoline, which is usually non-toxic one, is very toxic for cells in
the presence of metals, especially in the presence of Zn-ions. It was showed that the possibility was determined
by ability of OX to form the chelate metal-complexes, which are toxic for B-cells [14] as complexes formed
in B-cells by other chelate active substances such as DC. Studying toxicity of OX for B-cells K. Okamoto [1]
reported that injection of it to animals was accompanied by destruction of pancreatic B-cells and developing
experimental diabetes. Later it was showed that injection of 18 derivatives of OX was accompanied by de-
struction of B-cells within 15-30 min that resulted in developing heavy diabetes in animals. It was noted that
all those chemicals had OH™ group or any other radical containing S atom or O or N atoms in position 8 of
quinoline ring. It was showed that OX possessed high affinity for zinc and formed chelate salts with zinc via
radical in position 8 (Fig. 2).

Six isomers of OX that do not contain active groups in position 8 are not able to form chelate complexes
with Zn-ions and do not induce experimental diabetes. Experimental diabetes is induced by derivatives such
as 8-para-(toluenesulphinylamino)quinoline (8PTSQ), 8-para-(benzenesulphonylamino) quinoline (8PBSQ),
8-para-(methanesulphonylamino)quinoline (8PMSQ), S-para-(acetaminophenylazo)-8-oxyquinoline
(5A80X), 8-hydroxyquinaldin, 5-amino-8-hydroxyquinoline and others (Fig. 2). It was demonstrated that
injection of those derivatives resulted in selective necrosis of B-cells. Injection of those chemicals in doses of
30-100 mg/kg resulted in developing heavy diabetes with marked degenerative changes in islets within a few
days[1, 3,4, 11].

It is known that the most stable complexes are formed when atom of Zn is fixed between S and O atoms
in position 8 and between N and O atoms in position 1 or 2. It was showed that only derivatives of 8-hy-
droxyquinoline, which contained the hydroxyl or another radical with S, N or O atoms in position 8 of
quinoline ring, possessed diabetogenic properties [14]. It is known that extraction of these radicals from
position 8 is accompanied by complete disappearing of diabetogenic properties of chelators [15]. Formation
of chelates by O and N atoms of chelator usually results in forming pentagonal or hexagonal rings [1, 14]
(Fig. 2). Pentagonal rings are more stable. Quadrangular complexes with S atom are the most stable ones. It is
known that OX derivatives, which form quadragonal complexes with atom of S, are often stable ones. Un-
shared pair of electrons is displaced from N donor-atom in position 1 to Zn atom.

On the basis of data obtained by A. Albert it is supposed that toxic effect of OX was determined by its
ability to bind and eliminate metal ions from B-cells. But later this hypothesis was not confirmed. It was
showed that the prolonged elimination of Zn-ions from B-cells did not affect on the state of histostructure and
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function of B-cells. Finally, S. Rubbo and A. Albert established that toxic effect of OX was determined by its
ability to form toxic complexes with metals in cells [16] that many times was confirmed later. It was showed
that presence of chelate in cytoplasm of B-cells for a short time was accompanied by alteration of cells. In
experiments with azaoxyquinoline (azaoxyn) it was demonstrated that the most toxic were chelates of 1:1
composition with logarifm of stability constant that was equal to 7.6 and higher, up to 9.4. Meanwhile, toxicity
of chelates of other isomers of azaoxyn with stability constant 5.8—6.7 was clearly less [5, 14]. It was showed
that very toxic chelates of derivatives of 8-hydroxyquinoline with Zn-ions had higher logarithm of stability
constant 8.5. G. Weitzel and coll. showed that 1:1 complex contained 1 molecule of 8-hydroxyquinoline and
1 atom of Zn ion was the most toxic for cells [17].

NIH N NH N NH N

¥ | + 1 +
S0~ In 50;—2n SIOE— In
CH,
cH,
8-para-(toluenesulphonylamino)- 8-para-(benzenesulphonylamino)- 8-para-(methanesulphonylamino)-
quinoline, 30-50 mg/kg quinoline, 30—-100 mg/kg quinoline, 40-81 mg/kg

Figure 2. Complex salts of diabetogenic zinc-binding chelate active chemicals with Zn-ions and its diabetogenic doses

Stability of 2:1 complexes depends not only on affinity of chelator for metal but on two other properties
of chelator and metal: 1) presence of additional radicals in para-positions of chelator molecule, especially in
zones contacted with part of a molecule reacting with metal ions with formation of the steric effect. As a result,
two molecules of chelator are not able to approach to put an atom of metal in a stable ring; 2) diameter of atom;
if a metal atom has a small diameter, ring may be not formed. Zn atom has radius 0.74 nm and it is between
berillium (0.31 nm) and rubidium (1.49 nm). A high stability of Zn-DC complex is determined by elongated
form of the DC molecule and by location of two phenol rings on two ends of a molecule. That is why N and S
atoms are easy to approach to Zn atom. Moreover, Zn atom is fixed between N and S atoms. Meanwhile, it is
known that affinity of Zn for N and S atoms is higher comparatively with affinity of Zn for O. In addition,
complex formed by two molecule of DZ each of two has a great number of double bonds [1, 5, 14].

Stability of 1:1 complexes formed by derivatives of 8-hydroxyquinoline is determined by a great number
of double bonds in a molecule of chelator as well as by forming of quadragonal ring. Derivatives of 8-arenesul-
phonylaminoquinoline form chelate-complex via S atom. Higher stability of the complex Zn-xanthurenic acid
is determined by fixation of the Zn atom between two O atoms.

Isomers of 8-hydroxyqunolines, which do not contain such radicals or atoms in this position (8), or if
these radicals are extracted from a molecule, are not capable for forming complex salts with zinc and do not
possess diabetogenic properties completely. It is necessary to return the active radicals in position 8 to restore
diabetogenic activity of substance [15]. Formation of the chelate complex by O and N atoms is accompanied
by forming pentagonal or hexagonal rings [14].

SH groups contain sulfur atom. Meanwhile, as it is described above, it is known that sulfur atom
participates in formation of the chelate complexes with Zn as well as N, O and C atoms. It is known that in
process of formation of the Zn"*-complexes with DC and OX zinc atom is fixed between S or O atoms in
position 8, and N or O atoms — in positions 1 or 2 (Fig. 2) [14].

On the basis of the results obtained we suppose that negative fluorescent reaction for Zn in B-cells after
administration of reduced form of glutathione was determined by binding of Zn-ions via atom of sulfur of the
SH-group and by disposition of zinc atom between atom of sulfur and, probably, atom of oxygen (Fig. 3) or
nitrogen or, more probably, is fixed between two atoms of sulfur from the two molecules of reduced glutathi-
one [18].
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Figure 3. Reduced Glutathione

Conclusions

Reduced form of glutathione, which contains sulfhydryl radical in the structure in the dose of 1000 mg/kg,
prevents formation of zinc complexes with diabetogenic zinc-binding chelators in B-cells, protecting B-cells
from destruction as well as preventing from development of diabetes in animals. Oxidized form of glutathione,
which doesn’t contain sulthydryl radical in the structure in the dose of 1000 mg/kg does not protect B-cells
from formation of complexes with DC and does not protect B-cells from destruction and from developing
diabetes in animals.

Administration of reduced form of glutathione to animals resulted in blocking of Zn-ions in B-cells that
protects from interaction of metal with DC. We suppose that preventive effect after administration of reduced
form of glutathione was determined by binding Zn-ions via atom of sulfur of the sulthydryl radical and fol-
lowed by disposition of zinc atom between atom of sulfur and atom of oxygen or nitrogen.
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I'.T". Meiipamos, A.2K. Illait6ek, K.-JI. Konepr,
I".T. KaprOaeBa, A.Il. Auapeesa, O.H. [{ronoHT

JKCIEePUMEHTTi 1MaldeTTiH JaMybIH
IIIOTATHOH AMHUHKBIIIKBLUIBI KOMeriMeH aJlIbIH a1y

ABTOpJIap OKCUXMHOJIMHHIH JKOHE TH()EHUITHOKAPOA30HHBIH ANA0ETOreH I TYBIHABUIAPBIHBIH 3aKbIM/IAY LI
KacHeTTepiHiH YHKbI Oe3iHiH MHCYJIUH OHIIPYILi jKacyliajgapblHa JKOHE TIIOTATHOH aMHHKBIIIKBUIIAPBIHBIH
OJIapABIH YBITTBI 9CEPiH aJIbIH aJlyFa KaThICThI acepiH 3epTrereH. OxcnxuHonuH (OX) TybIHIBUIAPBIHBIH dCEp
€Ty MeXaHU3MiH/e OJIap/IblH KypaMbIH/a MBIPBILI Oap jkacymianapia, OHbIMEH Oipre iIIKi KemIeHIIK Ty3aap
Kypamsl 1:1, 8 sxoHe 1-KaybImTapAarbl KYKIPT JKOHE a30T aTOMIAPh! apKbUIBI XKoHE 8 yoHe 2-KaJbITapAars
OTTET1 aTOMIAphl apKbUIBI KAIBIITACTHIPY Kabineti 6ap. Judernnnrruokapbason (DC) kypambiaaa 2:1 MeIpbIII
0ap xemaT Ty3e/i, MyH/Ia MBIPBIIIT JTUTH30HHBIH €Ki aTOMBIMEH KYKIPT 5KoHE a30T aTOMaphl apKbUIBI KOCHUIA IBL.
I'nmrotaTHOHHBIH TOTHIKKAH ()OPMAChIHAH albIPMAIIBUIBIFEL, aJIIBIH ATy dcepiHe KypbulbIMbIHAa SH-pagnkaist
0ap rII0TATHOHHBIH TOTHIKCHI3IaHFaH (opMack He eKeHIiri kepceriiareH. XKaHyapiaapra TOTBIKCHI3JaHIbIPbLI-
ran rmoTationabl 1000 mMr/kr mo3aga OipperTi eHrizy B-kacymamapbiHblH Oy3bUTybIHA JKOHE KaHyapiap/a
I1abeTTiH AaMyblHa OKEJIETIH YBITTBI KeLIeHep i KalbITaCTIpyMeH B-xkacymianap/asiH MBIPBIITHI Oaiina-
HBICTBIPYFa TOJBIK KEAEpri KeATipeTiHi aHbIKTay(bl. TOTBIKCHI3IaHFaH TIIOTATHOHHBIH apaJIIIBIKTap/1aFbl Mbl-
PBIIIIIEH ©3apa dPEKeTTEeCYiHIH XUMM3MIH 3epTTey, OHBI €HIi3y JKacyllanapAa MBIPHIITH TOJBIK OyFaTTa-
JyBIMEH KaTap JKYPETiHIH KOpPCETTi, 3epTTey HOTIDKECIHIE OJ JKOFaphl apHANbl THCTOXUMHUSUIBIK OMICTEPIiH
KOMETiMeH T'HMCTOXUMISIIBIK JKOJIMEH alKbIHIAaIMaiIbl. ABTOpJIap TOTHIKCHI3AHFaH TIIIOTATHOHHBIH aJIIBIH
ary KabijneTi OHBIH apaJIIBIKTapJarbl MBIPBIITH OailIaHBICTHIPY KaOijeTiHe OailIaHBICTHI NN CaHaWMbL:
1) MbIpbI aToMbl Oyt perte SH-pagukan KyKipT aToMbI MEH OTTET1 HEMece a30T aTOMbI apachlH/a TipKeneni,
6ip »KarbIHaH, KYKIpT aTOMBI )K9HE OTTEr'l aTOMBI, SKiHIII KaFbIHAH, 2) a30T apKbUIBI apaIIIbIK MBIPBIIITEI Oaii-
nauslcThIpaThiH OX Hemece DC TyBIHIBICH! €HI31ITeH XKaFraaiaapaa Ja II0TaTHOH MOJIEKyJIachiHAa 6ap aer
HaubIMIANlIbI.

Kinm co30ep: B-xacymanapsl, TTIOTaTHOHHBIH KBICKAPTBUTFAH TYPIi, TIIOTATHOHHEBIH TOTHIFY (DOPMAckl, HHCY-
JIMH, MBIPBIII, TOKIPUOEIIIK TUama3oH.

I'.T". Meiipamos, A. XK. lllaii6ek, K.-/I. Konepr,
I'.T. Kapr6aesa, A.Il. Auapeesa, O.H. JlronoHt

O npenoTBpamieHNH Pa3BUTHS IKCIIEPUMEHTAJIBHOT0 quadeTa
C MOMOIIbI) AMUHOKH CJIOTHI IVIIOTATHOHA

Beumm mccnienoBaHbl MOBpEXJAIOIINE CBOICTBA AMabETOTEHHBIX NPOM3BOAHBIX okcuxuHoumHA (OX) n
mupermnitraokap6azona (DC) Ha HHCYIMHIPOXYIUPYIOMNE KISTKU HOKEITy JOTHOU JKeJIe3BI U IIpeayIpexia-
IolIee BIMSHUE aMHHOKHCIIOTH TIIOTATHOHA B OTHOIIGHUH HX TOKCHYECKOTO JeHCTBUS. MexaHu3M AeicTBHs
npom3BoHbIX OX MMeeT cnocoOGHOCTh (HOPMHUPOBATH B KIETKAX, COAEPIKALIMX LIMHK, BHYTPUKOMIUICKCHbIC
COJIM ¢ HUM cocTaBa 1:1 yepe3 aTOMBI cepbl M a30Ta B MOJOKEHHAX § U 1 M yepe3 aTOMBbI KHCIOpOJa B IO-
noxenusnx 8 u 2. udenunrnokap6azon GopMHUPYeET XeNaThl C IMHKOM cOCTaBa 2:1, rlie IUHK COSIUHICTCS C
JIByMS aTOMaMH JJUTH30HA Yepe3 aTOMBI cepbl U a30Ta. [Ioka3aHo, 4To MpeloTBPAILAOIINM JIeHCTBHEM 00J1a-
JlaeT BOCCTaHOBJIEHHAs popMa IIIOTaTHOHA, COepIKaIas B CBoel CTpykType SH-paaukai, B OTIHYHE OT OKHC-
JIeHHOH (hOPMBI TIIIOTaTHOHA, HE coJieprKaliell ero u He oOJajaronieit npeaoTBpamatomyM dpdexrom. Yera-
HOBJIEHO, YTO OJHOKPAaTHOE BBEJICHUE BOCCTAHOBJIEHHOTO IUIIOTATHOHA )XKUBOTHBIM B J103¢ okoyio 1000 mr/kr
TIOJTHOCTBIO MIPEIATCTBYET CBS3BIBAHMIO ITMHKA B-KileTok ¢ opMHUpOBaHNEM TOKCHYECKHX KOMIUIEKCOB, BBI-
3BIBAIOLIMX pa3pylieHue B-kietok B pesynbrare nocnenyromero Beeaenns OX u DC u pasButue nuadera y
KUBOTHBIX. McciieoBaHue XMMHU3Ma B3aMMO/ICHCTBHS BOCCTAHOBJIEHHOT'O INIFOTATHOHA ¢ OCTPOBKOBBIM L[MH-
KOM II0Ka3aJ10, YTO BBE/ICHHUE €TI0 COMPOBOXKIACTCS MOJIHBIM CBS3bIBAHUEM LIMHKA B B-KieTkax, B pe3yibTaTe
Yero OH He BBIABJISECTCA I'MCTOXUMHYECKH C MOMOIIBIO BBICOKOCHELH(PHUYHBIX THCTOXHMHYECKHX METOJIOB.
IIpexynpexnatomas crrocoGHOCTh BOCCTAaHOBJICHHOTO TJIIOTaTHOHA O0YCIOBIICHA €r0 CIIOCOOHOCTBIO CBSI3BI-
BaTh OCTPOBKOBBIH ITMHK ABYMS ITyTSIMU: 1) aTOM IIMHKA IIPH TOM MOXET (HKCHPOBATHCSI MEXKTY AaTOMOM CEpBI
SH-panmykana 1 aTOMOM KHCJIOPOZA WM a30Ta, COAEPIKAIMUMUCS B MOJICKYJIE TIIOTATHOHA, KaK U B CIIyJasx
BBesieHnsT Npom3BoAHBIX OX mmm queHnnTHOKapOa30Ha, CBA3BIBAIONIMX OCTPOBKOBBIN IUHK Yepe3 aToM
Cepbl, C OJIHOW CTOPOHBI, K aTOMOM KHCIIOPO/1a, IO a30Ta, C APYroi CTOPOHBI; 2) aTOM IIMHKA MOXKET (puKcH-
POBATHCS MEK/Ly IBYMsl aTOMaMH cepbl OT ABYyX SH-rpymi, BXOJSIIMX B COCTAB ABYX MOJIEKYJ BOCCTAHOBJICH-
HOTO IIFOTaTHOHA.

Kniouesvie crosa: B-xnetku, BoccTaHOBIEHHas (opMa INIIOTATHOHA, OKUCIIEHHAs (opMa TIII0TaTHOHA, HHCY-
JIMH, IIUHK, SKCIIEpUMEHTAIbHBIN THabeT.
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Synthesis, structure and antimicrobial activity
of substituted chalcones and their derivatives

In the paper the interaction reactions of the hydroxyl substituted acetophenones with the substituted aromatic
aldehydes in the presence of aqueous alcoholic solution of alkali (Claisen-Schmidt condensation), which is as
aldol condensation were given. This reaction has a big duration and comes to the end within
62-85 h. The final product contains double bonds in a,B-position to carbonyl group. Further functionalization
of the chalcones obtained was performed by their correlation with hydrazine hydrate. It was found that boiling
of chalcones with hydrazine hydrate in ethanol led to an intramolecular cyclocondensation of an intermediate
hydrazone to form some pyrazole derivatives. Structures of the synthesized compounds were studied with 'H
and 3C-NMR spectroscopy, and data on two-dimensional ('H-"H) COSY and ('H-'*C) HMQC spectra. Values
of the chemical shifts, multiplicity and integral intensity of signals in one-dimensional 'H and '3C NMR spectra
were determined. Homo- and heteronuclear interactions confirming structure of the compounds studied were
determined with ('"H-"H) COSY and ("H-*C) HMQC spectra. Data on the antimicrobial activity of the synthe-
sized chalcones, pyrazolines and flavonones were showed. It was found that all studied substances practically
showed a weak antibacterial activity. Exception is S. aureus culture, which possess the moderate actions for
compounds of (E)-1.3-bis (2-hydroxyphenyl)-prop-2-en-1-one, (E)-1-(2-hydroxyphenyl)-3-(4-hydroxy-
phenyl)-prop-2-en-1-one,(E)-3-(ethoxy-4-hydroxyphenyl)-1-(2-hydroxyphenyl)prop-2-en-1-one and 2-(2-hy-
droxyphenyl)flavone.

Keywords: substituted aromatic aldehyde, chalcone, pyrazoline, flavonone, cytokine, NF-«kB transcription fac-
tor.

Chalcones are of a considerable interest caused with their easy synthesis, high pharmacological activity
and possibility of application as synthon in synthesis of many biologically active heterocyclic compounds, in
particular, pyrazolines and flavones. Compounds with chalcone fragment have the high antitumoral, antibac-
terial, antifungal, antivirus, antimalarial, anti-hyperglycemic, anti-inflammatory and immunomodulatory ac-
tivities, and demonstrate the chemoprotective and antioxidant properties [1—11]. In addition some chalcone
derivatives have an ability to strengthen capillaries [5]. The traditional methods of obtaining chalcones provide
the using as catalysts of such strong bases as hydroxides of alkaline and alkaline-earth metals [12]. In this
connection the synthesis of new chalcones and nitrogen-containing heterocyclic compounds on their basis is
represented an important object.

This paper studied the interaction reactions of the hydroxyl substituted of acetophenones with the substi-
tuted aromatic aldehydes in the presence of aqueous alcoholic solution of alkali (Claisen-Schmidt condensa-
tion) which was as aldol condensation. The reaction mixture was mixed with a magnetic stirrer at room tem-
perature; reaction has a big duration and comes to the end within 62—85 h. The final product contains double
bonds in a,B-position to carbonyl group. The chalcones obtained (1-6) are yellow or orange powders, dissol-
uble in benzene and alcohol.

5

Q R
H o
/@\)\cm S r, 40% NaOH
/
R R, 0 R
Ry Ry

R =HO; R; =H; R4= CH;0; R,=R; =Rs=H (). R =H;R,;=HO;R,=R;=R5=H; R, =HO (4).
R=H;R;=HO;R,=HO;R3=R4=Rs=H (2). R =H;R,=HO;R,= Rs=H;R,=C,H;0; R, =HO (5).
R =HO;R,=HO; Ry =CH;0; R, =R3;=R5=H (3). R =Br;R,=H; R, =HO; R; =R, =H; Rs =Br (6).
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The structure of the chalcones synthesized (1-6) was proved with IR- and 'H, '*C NMR spectroscopy.

IR spectrum of chalcones (1-6) demonstrates intense absorption bands at 15951582 ¢cm™! that correspond
to vibrations of C=C bond attached to a carbonyl group.

"H NMR spectrum of compound 1 in deuterated DMSO
shows the high intense singlet signal with a chemical shift
(3.76 ppm) and intensity of 3H belonging to protons of
OCH;* methoxy-group. Equivalent protons of methoxy-
phenyl fragment of H*¢ and H** were resonated with doublet
signals at 6.95 (2H, 3J 8.5 Hz) and 7.77 ppm (2H, 3J 8.6 Hz),
respectively. Protons at double bond of H? and H'® give dou-
blet signals at 7.74 and 7.62 ppm with intensity of 1H with
splitting of 3J 17.1 and 15.3 Hz, respectively. The equivalent CH-protons of group of other aromatic system
were shown with doublet signals with intensity of 2H at 6.86 (H'>'7,3J 9.2 Hz) and 8.03 ppm (H'*!8 3] 8.5 Hz).
A broadened singlet signal at 10.39 ppm demonstrated the phenolic hydroxyl in compound.

B3C NMR spectrum of the studied compound 1 shows a signal of methoxy group at 55.83 ppm. Carbon
atoms of the aromatic systems give signals at 114.87 (C%*), 115.88 (C'*'7), 131.05 (C3**) and 131.57 ppm
(C'*18), Signals with the chemical shifts of 161.62 (C"), 128.04 (C*), 129.84 (C'%), and 162.61 (C'¢) ppm cor-
respond to quarternary carbon atoms. Signals at 120.08 and 143.21 ppm include the carbon atoms connected
by a multiple bond of C° and C'° respectively. A weak-field signal at 187.57 ppm corresponds to C!! atom of
carbonyl group.

The structure of compound (1) was confirmed by two-dimensional NMR, 'H-'"H COSY and 'H-"*C
HMQC spectroscopy for definition of the spin-spin coupling of homo-and heteronuclear nature.

'H-'H COSY spectra of compound 1 demonstrate the spin-spin correlations through three bonds of pro-
tons of aromatic systems and olefinic protons of H’ and H'’. Simple correlations of protons with carbon atoms
were determined by '"H-'3C HMQC spectroscopy.

Reaction of cyclocondensation of hydrazines with a,B-unsaturated ketones is an important synthetic way
to 1.2 azoles. Some pyrazole derivatives show properties of analgetics and inhibitors of thrombocyte aggrega-
tion [13], possess the strong antibacterial [14] and anesthetized [15] actions.

In order to determine functions of the chalcones (1-6) obtained their correlation with hydrazine hydrate
was studied. It was found that boiling of chalcones with hydrazine hydrate in ethanol led to an intramolecular
cyclocondensation of an intermediate hydrazone to formation of pyrazole derivatives (7—11).

O Nz_lNH
|
Rs NG y NeRs
+ NH2-NH2'H20 »
Ry EtOH, t R

RZ
16 Rs

R:HO, RIZH;R4:CH3O;R2:R3:R5:H(7).
R:H;RIZHO;RZZHO;R3:R4:R5:H(8).

R =HO; R, =HO; R,= CH;0; R,=R;=R,=H (9).
R:H;RIZHO;R2:R3:R5:H; R4:HO (10)
R=H;R,=HO;R,= Rs=H; Ry=C,H0; R, =HO (11).

The structure of compounds (7—11) was confirmed by IR and NMR spectroscopy. Thus, IR spectra of py-
razolines (7—11) demonstrate a strip of average intensity of C=N group of pyrazoline core at 1601-1605 cm™.

"H NMR spectrum of 4-(5-(4-methoxyphenyl)-4,5-dihydro-1H-pyrazole-3-il)phenol (7) established that
four groups of signals in the low field corresponded to protons of 4-hydroxy- and 4-methoxyphenyl fragments.
Two doublets at 7.40 and 7.23 ppm correspond to ortho- and meta-protons of 4- hydroxyphenyl fragment and
two doublets at 6.84 and 6.72 ppm — ortho- and meta-protons of a 4-methoxyphenyl fragment. Protons of
methoxy-group correspond to an intense singlet at 3.67 ppm. The following group of signals representing a
triplet at 4.63—4.68 ppm is relevant to a methine proton (CH,y,) of pyrazoline fragment. Methylene protons of
this fragment resonate at 2.65—2.72 ppm as two doublets. A weak signal at 9.67 ppm belongs to NH proton of
a pyrazoline fragment.
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Combination of the structural features of these compounds in one molecule to obtain highly effective
biologically active substances is of interest in view of generality of some biogenesis processes of chalcones
and flavonoids in a vegetable organism [16, 17]. In connection with this, flavonones (12—15) were obtained
from synthesized 2-hydroxyl-containing chalcones under ethanol and catalytic amounts of triethylamine. Long
boiling in 95 % ethanol leads to isomerization of chalcones (2-5) into flavonones (12—15). It is demonstrated
that isomerization process of chalcones into flavonones in alcohol is catalyzed by water molecules.

R =H; R1=HO;R>;=R3=H (12).

R =HO; R, =R, =H; R; = CH;0 (13).

R =R;=R,=H; R;=HO (14).

R :H; R] :H; R2:C2H5O; R3:HO (15)

The structure of flavonones (12—15) was proved by IR- and 'H, '*C NMR spectroscopy. Thus, a triplet
signal with a center of 1.29 ppm and multiplet at 3.98-4.03 ppm belong to protons of ethoxy-group at C*° and
C"in '"H NMR spectrum of flavonone 15. Protons of methylene- and CH-groups of the system of condensed
cores are shown in a spectrum area: H? at 5.47, H®> — 2.69-3.31, H’ — 7.06, H® — 7.55, H’® — 7.76 and
H'" — 7.04 ppm. Resonating at 6.77-6.90 ppm is characteristic for CH-groups of a phenyl radical. A weak
pole at 9.00 ppm demonstrates a signal H*! of hydroxyl group.

Interpretation of DEPT spectra permitted to correlate eight signals of carbon spectrum with methine
groups; two signals with methylene groups and one signal with methyl group. The detailed analysis of
BC NMR of compound (15) showed that a signal at 15:29 ppm corresponded to CHs-group at C*° atom.
CH,-groups appear at 44.03 (C?) and 64.55 (C") ppm. Eight signals of CH-groups resonate at 79.57 (C2),
113.10 (C'), 115.86 (C'), 118.57 (C7), 120.20 (C'®), 121.81 (C?), 128.81 (C'’) and 136.71 (C®) ppm. An
additional point is that *C NMR spectrum shows signals at 121.15, 130.18, 147.20, 147.77 and 161.76 ppm,
which belong to C°, C'!, C', C'* and C®atoms, respectively. A low field signal at 192.47 ppm belongs to a
carbonyl C* atom.

Three chalcones (2, 4, 5), two pyrazolines (8, 9) and two flavones (12, 14) were investigated to estimate
their antimicrobical activity for the medicinal and sensitive museum strains of bacteria and fungi.

A microbiological laboratory to test the antibacterial and antifungal activities on the basis of Department
of Microbiology at Karaganda Medical University studied the synthesized compounds on antimicrobical ac-
tivity of some drugs such as (E)-1,3-bis(2- hydroxyphenyl)-prop-2-en-1-one (2), (E)-1-(2-hydroxyphenyl)-
3-(4-hydroxy-phenyl)-prop-2-en-1-one (4), (E)-3-(ethoxy-4-hydroxyphenyl)-1-(2-hydroxyphenyl)prop-2-en-
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l-one (5), 2,2-(4,5-dihydro-1H-pyrazole-3,5-diil)phenol (8), 4-(5-(4-methoxyphenyl)-4,5-dihydro-1H-pyra-
zole-3-il)benzol-1,3-diol  (9), 2-(2-hydroxyphenyl)flavone-4-one (12), 2-(4-hydroxyphenyl)flavone-4-
one (14).

Concentrations of the tested drugs were made for an antibacterial activity, namely 1 pg and antifungal —
1 ug. Concentration of reference substances made 1 mg. The antimicrobical activity of samples was estimated
on diameter of zones of a growth inhibition of test strains (mm). Diameters of zones less than 10 mm and the
continuous growth in dish were estimated as lack of an antimicrobical activity, and 10—-15 mm — weak activ-
ity, 1520 mm — moderate activity and over 20 mm — an expressed antimicrobical activity. Each sample was
tested in three parallel studies.

The statistical processing was performed by methods of the parametrical statistics with calculation of the
average arithmetic and standard errors.

Dilution was made at 1 mg of substance per 1 ml of solvent. Bacteria sensitivity to these substances was
determined by a diffusive method with disks. Bacteria such as S. aureus, Bacillus subtilis, E. Coli, Ps. Aeru-
giosa and Candida albicans were used. Antibiotic benzylpenicillin sodium salt, gentamicin and cephalosporin
antibiotic of the third generation — ceftriaxone were chosen with an antibacterial activity, and an antifungal
activity — nystatin.

Results of the revealed growth inhibition on some media are shown in Table.

Table
Antimicrobical and antifungal activities of samples.
Diameters of growth inhibition of test-strains. Solvent is 96 % ethanol
No. Studied substances S. aureus B. ggl;;llzs E. coli Pifcgéug(zg;a C. alblcans
1 |(E)-1,3-bis(2- hydroxyphenyl)-prop-2-en-1- 20£1.0 18+1.0 10£1.0 10£1.0 11£1.0
one (2)
2 |(E)-1-(2-hydroxyphenyl)-3-(4-hydroxy-phe- 19£1.0 11£1.0 11£1.0 10£1.0 10£1.0
nyl)-prop-2-en-1-one (4)
3 |(E)-3-(ethoxy-4-hydroxyphenyl)-1-(2-hy- 18£1.0 14£1.0 12£1.0 11£1.0 11£1.0
droxyphenyl)prop-2-en-1-one (5)
4 12,2-(4,5-dihydro-1H-pyrazole-3,5-diil)phe- 14+1.0 13£1.0 13£1.0 11£1.0 12+1.0
nol (8)
5 |4-[5-(4-methoxyphenyl)-4,5-dihydro-1H-py- | 14+1.0 11£1.0 10£1.0 10£1.0 15£1.0
razole-3-il]benzol-1,3-diol (9)
6 |2-(2-hydroxyphenyl)flavone-4-one (12) 18+1.0 11£1.0 10£1.0 10£1.0 11£1.0
7 |2-(4-hydroxyphenyl)flavone-4-one (14) 14+1.0 13+ 1.0 13£1.0 11£1.0 12+1.0
8 196 % Ethanol 9+1.0 9+1.0 9+1.0 9+1.0 9+1.0
9 |[Benzylpenicillin sodium salt 15+1.0 — 16+1.0 12+1.0 —
10 |Gentamicin 22+1.0 30+1.0 31+1.0 30+1.0 —
11 |Ceftriaxone 30+1.0 30+1.0 29+1.0 22+1.0 —
12 |Nystatin - — - - 25+1.0

These cultures were seeded with a lawn method on the following media, namely egg yolk high salt agar,
Endo agar, nutrient agar and Sabouraud’s medium. Then Petri dishes were incubated for a day at 37 °C, for
fungi at 28 °C.

Thus, as a result of this research there was established that practically all studied substances showed a
weak antibacterial activity. Exception is S. aureus culture for compounds of (E)-1.3-bis (2-hydroxyphenyl)-
prop-2-en-1-one (2), (E)-1-(2-hydroxyphenyl)-3-(4-hydroxyphenyl)-prop-2-en-1-one (4), (E)-3-(ethoxy-4-hy-
droxyphenyl)-1-(2-hydroxyphenyl)prop-2-en-1-one (5) and 2-(2-hydroxyphenyl)flavone (12) which possess
the moderate actions.

Experimental

'H and '3C NMR spectra of compounds 1-15 were recorded on JNN-ECA Jeol 400 spectrometer (fre-
quency 399.78 and 100.53 MHz, respectively) in DMSO-ds a solvent. The chemical shifts were measured
concerning signals of residual protons or carbon atoms of DMSO-ds. The control of the reaction and purity of
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the compounds obtained was performed by Thin Layer Chromatography method on Silufol UV-254 plates in
isopropyl alcohol-benzene-ammonia system (10:5:2). Plates were processed with iodine vapour.

General procedure of the receiving of chalcones (1-6)

The substituted acetophenone (0.013 mol) solution and aromatic aldehyde (0.013 mol) in ethanol (20 ml)
were dropped to 20 ml of sodium hydroxide solution (40 %) at stirring and a room temperature. In process of
aldehyde addition the reactionary mixture had yellow colour. The reactionary mixture was kept at room tem-
perature for 62-95 h. Then the reactionary mixture was acidified with the diluted hydrochloric acid to neutral
medium and kept for night in refrigerator (at temperature —15 °C). The dropped out light brown powder was
filtered, dried and recrystallized from benzene.

(E)-1-(4-Hydroxyphenyl)-3-(4-methoxyphenyl)prop-2-en-1-one (1). Product yield of 1 is 36 %, m.p. is
186-187 °C. '"H NMR spectrum, 8, ppm: 3.76 s (3H, H®), 6.86 d (2H, H'>'7, 3] 9.2 Hz), 6.95 d (2H, H*®,
3] 8.5 Hz), 7.62 d (1H, H'®, 3] 15.3 Hz), 7.74 d (1H, H’, ] 17.1 Hz), 7.77 d (2H, H33, 3] 8.6 Hz), 8.03 d (2H,
H!'*!13 3] 8.5 Hz), 10.39 br. s (1H, OH). '*C NMR spectrum, 8, ppm: 55.83 (C?), 114.87 (C*®), 115.88 (C'>17),
120.08 (C%), 128,04 (C*), 129.84 (C"), 131.05 (C3>%), 131.57 (C'*18), 143.21(C'?), 161.62 (C"), 162.61 (C'6)
and 187.57 (C').

(E)-1,3-bis(2-hydroxyphenyl)-prop-2-en-1-one (2). Product yield of 2 is 84 %, m.p. is 154-155 °C.
"H NMR spectrum, 8, ppm: 6.85 t (H, H', °J 8.7 Hz), 6.90-6.98 m (3H, H**!%), 7.26 t (1H, H'"*, 3] 8.2 Hz),
7.51 t (1H, B>, %] 7.8 Hz), 7.81 d (1H, H", 3J 9.6 Hz), 7.89 d (1H, H'S, °J 15.6 Hz), 8.07-8.13 m (2H, H*'?).
BC NMR spectrum, 8, ppm: 116.75 (C'#), 118.04 (C'%), 119.87 (C°), 121.03 (C*), 121.11 (C'), 121.45 (C?),
121.83 (C'?), 129.55 (C'7), 131.08 (C%), 132.80 (C'%), 136.64 (C%), 140.95 (C'), 158.10 (C'), 194.44 (C?).

(E)-1-(2,4-Dihydroxyphenyl)-3-(4-methoxyphenyl)-prop-2-en-1-one (3). Product yield of 3 is 23.4 %,
m.p. is 175-176 °C. 'H NMR spectrum, 8, ppm: 3.78 s (3H, H*), 6.08 d (1H, H®, *J 2.3 Hz), 6.26 dd (1H,
H*pom, 2J 2.1, 8.9 Hz), 6.97 d (2H, H'>'7, 3] 8.7 Hz), 7.69-7.77 m (2H, H'""'?), 7.79 d (2H, H'*!%, 3] 8.7 Hz),
8.01 d (1H, H?, J 9.2 Hz). *C NMR spectrum, 3, ppm: 55.88 (C*), 110.54 (C%), 111.51 (C%), 114.91 (C?),
114.92 (C™17),119.52 (C'), 128.06 (C'3), 131.21 (C'*18),133.08 (C'?), 142.94 (C%), 161.73 (C'®), 166.92 (Ch),
167.30 (C%), 190.52 (C?).

(E)-1-(2- hydroxyphenyl)-3-(4-hydroxyphenyl)-prop-2-en-1-one (4). Product yield of 4 is 37 %, m.p. is
155-156 °C. '"H NMR spectrum, 3, ppm: 6.82 d (2H, H'*'7, 3] 8.7 Hz), 6.94 m (1H, H*), 6.96 d (1H, H'!,
31 11.9 Hz), 7.49 m (1H, H%), 7.69-7.75 m (2H, H>®), 7.72 d (2H, H'*1¢, 3] 8.7 Hz), 8.5 d (1H, H'°, 3] 7.8 Hz).
BC NMR spectrum, 8, ppm: 116.37 (C*), 116.67 (C'7), 118.39 (C'"), 119.60 (C*), 121.20 (C?), 126.17 (C'?),
131.05 (C'%), 131.87 (C'), 131.94 (C'9), 136.53 (C?), 146.10 (C>9), 161.12 (C"), 162.51 (C"), 194.13 (C®).

(E)-3-(ethoxy-4-hydroxyphenyl)-1-(2-hydroxyphenyl)-prop-2-en-1-one (5). Product yield of 5 is 72 %,
m.p. is 151-152 °C. '"H NMR spectrum, &, ppm: 1.33 t (3H, H° *J 6.9 Hz), 4.11 k (2H, H?, 3] 6.9 Hz), 6.83 d
(1H, H',3J 8.2 Hz), 6.93 t (1H, H?, ] 8.2 Hz), 6.97 d (1H, H'?, 3 7.8 Hz), 7.27 dd (1H, H'8,°J 8.2, 1.8 Hz),
7.50 m (2H, H*%), 7.75 m (2H, H"*), 8.19 d (1H, H!!, °J 7.8 Hz). 3*C NMR spectrum, 3, ppm: 15.26 (C°),
64.82 (C¥), 114.11 (C*), 116.39 (C'7), 118.06 (C'), 118.45 (C %), 119.36 (C*), 121.14 (C"), 125.35 (C'®),
126.16 (C%), 131.28 (C'?), 136.67 (C°), 146.59 (C"), 147.77 (C"), 153.13 (C?), 162.59 (C'%), 194.17 (C™).

(E)-1-(4-bromphenyl)-3-(5-brom-2-hydroxyphenyl)-prop-2-en-1-one (6). Product yield of 6 is 35 %, m.p.
is 184185 °C. '"H NMR spectrum, §, ppm: 6.84 d (1H, H3, *J 9.2 Hz), 7.37 dd (1H, H?, %] 8.7, 2.3 Hz), 7.73 d
(2H, H'>7, 3] 7.4 Hz), 7.86-7.96 m (2H, H*'?), 8.05 d (2H, H'*!8, 3J 8.3 Hz), 8.11 d (1H, H’,3J 2.3 Hz).
BC NMR spectrum, &, ppm: 111.40 (C"), 118.85 (C?), 121.99 (C'?), 124.05 (C°), 127.85 (C'°), 130.85 (C°),
132.35 (C'>17),134.97 (C?), 137.07 (C"), 138.47 (C°), 178.78 (C'").

General procedure of the receiving of substituted pyrazolines (7—11)

0.02 mol of hydrazine hydrate was added to substituted chalcone (0.002 mol) in 10 ml of ethanol. Mixture
was heated at temperature 70—80 °C for 4 h, then cooled and diluted in 50 ml of water. A dropped out residue
was filtered, washed with water and recrystallized from ethanol.

4-[5-[5-(4-Methoxyphenyl)-4,5-dihydro- 1 H-pyrazole-3-yl] [phenol (7). Product yield of 7 is 53 %, m.p.
is 119-120 °C. '"H NMR spectrum, &, ppm: 2.68 dd (1H, H**, 2J 16.3 Hz, *J 11.0 Hz), 3.27 dd (1H, H*",
2J16.5 Hz, 3] 10.5 Hz), 3.67 s (1H, H*), 4.68 t (1H, H?, 3] 10.1 Hz), 6.72 d (2H, H*!°, 3] 8.7 Hz), 6.84 d (2H,
H!*16 3] 8.7 Hz), 7.21 d (2H, H'>'7, 3] 8.7 Hz), 7.40 d (2H, H™!!, 3] 8.2 Hz), 9.67 br. s (1H, OH). *C NMR
spectrum, 8, ppm: 41.42 (C%), 55.55 (C°), 63.51 (C*°), 114.22 (C'*1%), 115.84 (C>'?), 124.92 (CS), 127.52
(C'317),128.28 (C™'"), 135.51 (C'?), 149.71 (C%), 158.16 (C'), 158.86 (C°).

2,2'-(4,5-dihydro-1H-pyrazole-3,5-diil)phenol (8). Product yield of 8 is 72 %, m.p. is 124-125 °C.
"H NMR spectrum, 8, ppm: 2.88 dd (1H, CH**,2J 16.5 Hz, 3J 10.1 Hz), 3.53 dd (1H, CH*9, %J 16.7 Hz,
3J10.7 Hz), 5.00 t (1H, CH5,%J 10.5 Hz), 6.72—6.87 m (4H, CH%!%1416, ), 7.03—7.07 m (1H, CH" 4pom), 7.15—
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7.18 m (1H, CHY 4pom), 7.25 t (2H, CH*"S3pom, *J 7.8 Hz), 7.50 br. s (1H, NH). NMR *C spectrum, 3, ppm:
40.01 (C*), 57.67 (C®), 115.63 (C?), 115.91 (C'¥), 116.41 (C'%), 117.45 (C'), 119.50 (C>'?), 127.38 (C""),
128.06 (C'%), 128.54 (C?), 130.00 (C'"), 153.46 (C?), 155.33 (C'3), 157.28 (C7).

4-[5-(4-methoxyphenyl)-4, 5-dihydro- 1 H-pyrazole-3-il]benzol-1,3-diol (9). Product yield of 9 is 37 %,
m.p. is 149-150°C. '"H NMR spectrum, §, ppm: 2.84 dd (1H, H*>* 2] 11.0 Hz, *J 11.0 Hz), 3.43 dd (1H, H*9,
2J 5.3 Hz, *J 10.5 Hz), 3.70 s (3H, H?!),4.68 t (1H, H3,3J 10.5 Hz), 6.27 m (2H, H*!9), 6.87 d (2H, H'*'S,
3J 8.7 Hz), 7.05 d (1H, H', 31 8.7 Hz), 7.27 d (2H, H'>!7 3] 8.7 Hz), 11.22 br. s (1H, NH). *C NMR spectrum,
8, ppm: 41.59 (C*), 55.62 (CH3), 61.86 (C°), 102.92 (C?®), 107.50 (C'?), 109.44 (C®), 114.35 (C'*1¢), 128.39
(C'*17),129.40 (C'), 134.76 (C'?), 153.87 (C?), 159.09 (C°), 159.74 (C'%), 162.10 (C).

2-[5-[5-(4-Hydroxyphenyl)-4, 5-dihydro- 1 H-pyrazole-5-yl]phenol (10). Product yield of 10 is 89 %, m.p.
is 110-111 °C. 'H NMR spectrum, 8, ppm: 2.89 dd (1H, H**,2J 15.8 Hz, *J 10.8 Hz), 3.47 dd (1H, H*",
2J16.5 Hz, ] 11.0 Hz), 4.69 t (1H, H>, *J 9.8 Hz), 6.70 d (2H, H!*!®, 3] 7.3 Hz), 6.81-6.87 m (2H, H!?),
7.13-7.19 m (3H, H*!*17), 7.24 d (2H, H!',3J 7.3 Hz), 7.68 br. s (1H, NH), 9.35 s (1H, OH"), 11.16 s (1H,
OH'®). BC NMR spectrum, 8, ppm: 41.24 (C*), 62.36 (C°), 115.68 (C'*!%), 116.23 (C?), 117.35 (C°), 119.65
(C'9), 128.25 (C'), 128.37 (C'*17), 130.17 (C?), 132.79 (C'?), 153.06 (C3), 157.22 (C"), 157.26 (C’).

2-Etoxy-4-[3-(2-hydroxyphenyl)-4,5-dihydro-1 H-pyrazole-5-yl[phenol (11). Product yield of 11 is 93 %,
m.p. is 89-90 °C. '"H NMR spectrum, 8, ppm: 1.27 t (3H, H?', 3] 7.3 Hz), 2.92 dd (1H, H**, 2J 16.5 Hz,
3J11.0 Hz), 3.49 dd (1H, H*9, 2J 16.8 Hz, *J 11.0 Hz), 3.96 q (2H, H*®,%] 6.7 Hz), 4.69 t (1H, H>, *J 11.0 Hz),
6.69-6.74 m (2H, H'*'%), 6.82-6.92 m (3H, H*'*'7), 7.16 d (1H, H'',3J 7.3 Hz), 7.25 t (1H, H’,%] 7.3 Hz),
7.71 s (1H, NH), 8.87 br. s (1H, OH"), 11.16 s (1H, OH!®). 3C NMR spectrum, §, ppm: 15.32 (C?!), 41.31
(CH, 62.65 (C%), 64.37 (C*), 112.75 (C'"), 115.88 (C'%), 116.23 (C?), 117.37 (C°), 119.65 (C'?), 119.69 (C'),
128.26 (C°), 130.18 (C'), 133.29 (C'?), 146.68 (C'), 147.17 (C'°), 153.16 (C?), 157.26 (C).

General procedure of the receiving of flavanones (12—15)

The reactionary mixture from 0.001 mol of substituted chalcone and catalytic amount of triethylamine in
15 ml of ethanol (95 %) was heated with backflow condenser for 8 h. The dropped out residue was filtered. It
was dried at room temperature.

2-(2-hydroxyphenyl)flavone-4-one (12). Product yield of 12 is 94 %, m.p. is 147-148 °C. '"H NMR spec-
trum, 8, ppm: 2.76 dd (1H, H**, 2J 16.7 Hz, °J 2.7 Hz), 3.14 dd (1H, H*9, 2J 17.0, Hz, 3J 13.3 Hz), 5.75 dd
(1H, H2, %) 13.3, 2.8 Hz), 6.77-6.83 m (3H, H'*%1%), 7.05 d (1H, H'¢, *J 7.8 Hz), 6.86 d (1H, H’, ] 8.2 Hz),
7.13 t (1H, H'°, 3] 8.2 Hz), 7.49 t (1H, H8, °J 7.8 Hz), 7.54 t (1H, H’, %] 6.9 Hz), 8.09 s (1H, OH). *C NMR
spectrum, &, ppm: 43.02 (C%), 74.85 (C?), 116.31(C"%), 118.27 (C%), 118.71 (C7), 119.78 (C"), 121.64 (C?),
122.07 (C°), 125.58 (C'%), 126.89 (C'%), 127.34 (C'), 130.04 (C'"), 136.79 (C'?), 154.84 (C®), 162.03 (C*).

7-Hydroxy-2-(4-methoxyphenyl)flavone-4-on (13). Product yield of 13 is 76 %, m.p. is 146-147 °C.
"H NMR spectrum, 8, ppm: 2.59 dd (1H, H**,2J 16.9 Hz, *J 2.8 Hz), 3.08 dd (1H, H**, 2J 16.7 Hz, *J 16.1 Hz),
3.71 s (3H, H*), 5.45 dd (1H, H?, 3J 12.8, 2.3 Hz), 6.29 s (1H, H), 6.46 d (1H, H’, °J 8.0 Hz), 6.97 d (2H,
H'*15 3] 8.2 Hz), 7.39 d (2H, H'*1¢, 3] 8.7 Hz), 8.14 d (1H, H'?, *J 8.7 Hz), 10.62 br. s. (1H, OH'®). *C NMR
spectrum, &, ppm: 43.67 (C%), 55.65 (C*°), 79.25 (C?), 103.09 (C7), 111.08 (C°), 114.33 (C'>15), 114.94 (C?),
128.74 (C'219),131.54 (C'%), 133.51 (C'), 159.85 (C'*), 165.16 (C®), 166.34 (C®), 190.59 (C*).

2-(4-hydroxyphenyl)flavone-4-one (14). Product yield of 14 is 95 %, m.p. is 184—185 °C. '"H NMR spec-
trum, &, ppm: 2.73 dd (1H, H**, 2J 16.9 Hz, °J 3.2 Hz), 3.18 dd (1H, H**, 2J 16.5, Hz, %] 12.8 Hz), 5.48 dd
(1H, H2,°J 12.8, 2.8 Hz), 6.77 d (2H, H'*!5,3J 8.2 Hz), 7.30 d (2H, H'*'6, 3J 8.3 Hz), 7.00-7.05 m (2H, H"?),
7.52 t (1H, H® 3] 8.2 Hz, 7.75 d (1H, H'’, 3J 7.9 Hz), 9.48 br. s (1H, OH'®). 3C NMR spectrum, &, ppm:
43.94 (C3), 79.40 (C?), 115.82 (C¥), 115.92 (CY), 118.76 (C”?), 121.19(C%), 128.54 (C'?), 128.91 (C'),
129.69 (C'), 136.80 (C?), 158.19 (C'%), 161.77 (C°®), 192.40 (C*).

2-(3-etoxy-4-hydroxyphenyl)flavone-4-one (15). Product yield of 15 is 96 %, m.p. is 127-128 °C.
"H NMR spectrum, &, ppm: 1.29 t (3H, H*, 3J 6.9 Hz), 2.71 dd (1H, H** 2] 17.0 Hz, 3J 2.7 Hz), 3.26 dd (1H,
H3%4, 2] 17.0 Hz, *J 13.3 Hz), 4.00 k (2H, H', 3] 6.9 Hz), 5.47 dd (1H, CH>, *J 12.8, 2.8 Hz), 6.78 d (1H, H'S,
3] 8.2 Hz), 6.89 d (1H, H'?, %] 8.2 Hz), 7.02-7.06 m (3H, H"'*!%), 7.53 t (1H, H?, °J 8,2 Hz), 7.76 t (1H, H’,
3] 7.8 Hz), 9.00 s (1H, OH). NMR spectrum "*C, 8, ppm: 15.29 (C?°), 44.03 (C?), 64.55 (C"), 79.57 (C?),
113.10 (C'), 115.86 (C'), 118.57 (C7), 120.20 (C'%), 121.15 (C%), 121.81 (H’), 126.81 (C'?), 130.18 (C'}),
136.71 (C%,), 147.20 (C'%), 147.77 (C"), 161.76 (C°®), 192.47 (C*).

The study was performed with support of the Ministry of Education and Science of the Republic of Ka-
zakhstan (project number AP05133157).
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M.K. Ubpaes, C.b. AxmeroBa, A.T. Takubaesa,
M.b. Ucabaesa, A.O. Hypkenos, O.T. Ceitnxanos

AYBICTBIPBLIFAH XAJKOHAAPABIH KOHE 0J1apPAbIH TYBIHAbLIAPbIHBIH CHHTE3I,
KYPbLIBIMBI 2K9HE MUKPOOKA Kapchl OesIceHaiTiri

Makasazia THIPOKCHIIIL OPHIHOACHUTFaH aleTo()eHOHJApPMEH apOMATThl OPHIHOACHUTFAH ANbIACTUATEPAIH dpe-
KeTTeCy peaKklUusUIapbiH, albI0JIbAl KOHICH AL 12 OaifKanaThIH CIATL Cyabl-ciupTTi epitinainin (Knsiizen-
[IIMUAT KOHACHCALMACHI) KATHICYbIMEH 3epTTeii. Byl peakuusHbIH JKYPY Y3aKThIFbl KOII KOHE asKTaly ya-
KBITBI 62—85 car apaybIFbIH Kypaiinsl. COHFBI ©HIMHIH KYPBUIBICBIH/A 0, -XKaFalinarsl KapOOHMIb/ TONTHIH
Koc GailiaHbIChl Oap. AJIbIHFaH XaJIKOHAAP/IBIH (yHKINOHAIN3AMSUIAHY bl OJIapAbIH THIPa3HHTHIPATIICH dpe-
KETTECYi JKOJIbI apKbUIbI )KY3€re achpbULIbl. DTaHOI(a XaJIKOHAAP THIPA3UHTUIPATIICH KalHATBUIFAH Ke3/e
apaJblK THAPa30H, MOJICKYIAIIIiTiK IHKIOKOHICHCAIMSFa YIIbIPAll, THPa30J TYbIHABUIAPGI TY311mi. CHHTE3-
JENreH KOCBLILICTAp LI Kypbulbichl 'H-, 3C-SIMP-cniektpockomnus sxone exi mekti ('H-"H) COSY sxone (‘H-
13C) HMQC-cnektpiiepi GoiibiHma gonenneni. bipenumemai AMP 'H xone 1*C cnekrpiepine curnaniapiasy
XMMHMSUIBIK BIFBICYBIHBIH, €CEIIrHIH KOHE MHTErPANABIK KAPKbIHABLIBIFBIHBIH MOH/EP] aHBIKTAIIbI. 3epTTe-
I'€H KOCBUIBICTAP/IbIH KYPHUILIMBIH JSJIEIICHTIH TOMO- JKOHE TeTepOsIpObIK o3apa apekerrecyiep ('H-TH)
COSY sxone ("H-1*C) HMQC cnekrpiiepi Goiibiniia anbiKTan s, CUHTE3ENreH XaIKOHAAPIbIH, TUPa30JIHH-
Jep MeH (UIaBOHOHJAP.IbIH MHKPOOKa Kapchl OeICeHIUTIKTEepiHiH MaiMeTTepi KenTipinreH. bapibik 3eprren-
TeH KOCBUIBICTAap OaxTepusira Kapchl aici3 OenceHmimikri kepcerti. Kamemter aiikein acepre ue (E)-1,3-
6uc(2-ruapoxcudenun)-npon-2-en-1-on, (E)-1-(2-ruapoxcudenun)-3-(4-ruapokcu-penun)-npon-2-eH-1-ox,
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(E)-3-(aToxcu-4-ruapoxcudenun)-1-(2-ruapokcudenun)npor-2-ea-1-oxn, 2-(2-ruapoxcudenun)phiaBoH Ko-
CBUIBICTAPBI YIIIH S. qureus allbITKbl 3eHACPIHIH JaKbLIbI.

Kinm coe30ep. oppiHOaCKaH apOMAaTHKAJIBIK allbAETUA, XaIKOH, MHPa30irH, (GpraBoHOH, nuTokuH, NF-kB Tpan-
CKPUIIIOHBIK (aKTOPEL

M.K. Ubpaes, C.b. AxmeroBa, A.T. Takubaesa,
M.b. Ucabaesa, A.O. Hypkenos, O.T. Ceitnnxanos

CuHTe3, CTPYKTYPa M AHTUMHUKPOOHASI AKTUBHOCTD
3aMellleHHbIX XaJIKOHOB M UX MPOU3BOIHBIX

B crarbe nmpuBeneHs! peaknuuy B3anMOACHCTBHS THAPOKCHII3aMENIEHHBIX alleTO()EHOHOB C 3aMEIIEHHBIMU apo-
MaTHYECKUMH aTbIETHAAMH B IIPUCYTCTBHU BOJHO-CIIUPTOBOTO pacTBopa Inenodn (KoHneHcamus KisiizeHa-
[IImuara), KoTopas npeacTaBisieT co00i anbIOIbHYI0 KOHACHCAIUIO. JTa PEakys UMeeT OOJIBIIYIO PO~
JKUTEIBHOCTD U 3aKaHYUBAETCs B TeueHHe 62—85 4. KoHeUHbIH IPOLyKT COAEPKUT JBOIHBIC CBSA3U B O,f-110-
JI0KEeHUH K KapOoHMIbHOU rpymme. [lanpHelnnyto (GyHKIMOHATH3AIMIO MOTyYEHHBIX XaJIKOHOB OCYIIECTB-
JISITM IYTEM UX B3aMMOJAEHCTBHS € TUAPAa3UHTHAPATOM. bbIIo 06HApYKEHO, YTO KUIISTYEHHE XalTKOHOB C TH-
Pa3sMHTHIPATOM B 3TaHOJE MPHBOJHUT K BHYTPHUMOJIEKYISIPHOH HUKIOKOHAEHCAIIMU IPOMEXKYTOUHOTO THpa-
30Ha ¢ 00pa30BaHUEM MTPOU3BOJHBIX MHpa3ona. CTPYKTypbl CHHTE3HPOBAHHBIX COCIMHEHHN H3ydalll C TOMO-
wpio 'H u PC-SIMP-cnekrpockonuu u gauubix o asymepusim ('H-TH) COSY u ('H-'3C) HMQC-crekrpam.
OmpeneneHsl 3HaUCHUS] XUMHYECKUX CABUTOB, KPATHOCTH U MHTETPAITEHOM HHTCHCHBHOCTH CHTHAJIOB B OJHO-
MepHbix criekrpax SIMP 'H u '3C. Tomo- u reteposiiepHbie B3auMOECHCTBUSL, TTOATBEPKAAIONINE CTPYKTYPY
U3y4eHHBIX coenuuenui, onpenersum no cuekrpam (‘H-TH) COSY u ('H-'3C) HMQC. TlpuBeeHs! faHHbie
M0 AaHTUMHKPOOHOH aKTMBHOCTH CHHTE3MPOBAHHBIX XalKOHOB, MUPA30JIMHOB U (DIIABOHOHOB. YCTaHOBJIEHO,
YTO MPAKTUYECKH BCE HCCIIEJOBAHHBIE BENECTBA MOKA3hIBAIOT ClIa0yt0 aHTHOAKTEpHANIbHYIO aKTUBHOCTG. Hc-
KJIIOYCHHE COCTaBIISIET KYJIbTypa APOXKIKEBbIX IPUOKOB S. aureus st coequnenuii (E)-1,3-6uc(2-runpoxcude-
Hu)-nipon-2-eH-1-oH, (E)-1-(2-ruxpoxcudenun)-3-(4-runpoxcu-pennn)-npon-2-eu-1-on, (E)-3-(atokcu-4-
ruapokcudennn)-1-(2-runpokcudenmn)npon-2-eH-1-oH, 2-(2-ruapokcupeHun)(raBoH, KOTOpsle 00JagaoT
YMEPEHHO BBIPKCHHBIM AeHCTBHEM.

Kniouesvie cnosa: 3aMeIeHHBII apOMaTHYECKUH albIErnui, XaIKOH, THPa30JInH, (IaBOHOH, IUTOKHH, TPaH-
CKpUMIOHHBI (hakTop NF-kB.
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Synthesis of hydrazone derivatives of isonicotinic acid
under microwave activation conditions

In the article the results of studying the reaction of the interaction of isonicotinic acid hydrazide with various
derivatives of aromatic aldehydes under conditions of microwave activation in an alcohol medium were de-
scribed. The results of studying the dependences of the hydrazone yield on the duration of the activation time
at various microwave irradiation powers in comparison with the classical method have been presented. It was
found that the main factors affecting the nature of the synthesis and the yields of the target products were the
power and time of microwave activation, as well as the structural features of the reactants. For all studied
reactions, the optimal conditions for obtaining the target product have been shown. As a result of a comparative
analysis of the results obtained for the synthesis of new isonicotinic hydrazones, it was determined that the use
of microwave irradiation contributed to an increase in the yield of the product and a decrease in the reaction
time by 3-4 times than according to traditional technology. The authenticity of each product is unambiguously
proved by comparing the melting point, as well as by analyzing the physico-chemical characteristics with pre-
viously synthesized hydrazone derivatives of isonicotinic acid obtained by classical synthesis methods. The
structure of all synthesized compounds was studied by 'H and '3C NMR spectroscopy, as well as data from
two-dimensional COSY ('H-'H) spectra and HMQC ('H-3C). The developed microwave method for the syn-
thesis of hydrazone derivatives of isonicotinic acid complies with the principles of the concept of «Green
Chemistry».

Keywords: hydrazide of isonicotinic acid, hydrazone, aromatic aldehydes, microwave activation.

Introduction

According to the World Health Organization (WHO), tuberculosis remains one of the most common and
dangerous diseases. Currently, every third inhabitant of the earth is infected with it, i.e. over 2 billion people.
Every year, 8 million people fall ill with active tuberculosis, two million die. More than 90 % of the disease is
registered in developing countries. At the same time, 75 % of the working-age population is among the pa-
tients. Thus, the prevention and treatment of tuberculosis is an important political, economic, social task of
any state [1, 2].

Over the past 50 years, research on the synthesis of new anti-TB drugs based on carboxylic acid hydra-
zides has been carried out in the world. A review of literature data on available anti-tuberculosis drugs shows
that the majority of anti-tuberculosis drugs used in medical practice contain a hydrazide fragment in their
structure [2-5].

Despite the large number of publications on the synthesis of various hydrazide derivatives, their proper-
ties and structure, they are currently promising for further study and improvement [2—6]. In this series of com-
pounds, various derivatives of isonicotinic acid hydrazide (INH), exhibiting a wide spectrum of biological
activity, are of particular interest. To date, many different derivatives have been synthesized on the basis of
INH with various variations of anti-tuberculosis activity. For example, the tuberculosis drug ftivazide devel-
oped in 1951 in the Soviet Union has been widely used in clinical practice to date [6—8]. However, the problem
of drug resistance of many pathogenic bacteria and viruses to medicines used for treatment requires constant
search and expansion of the arsenal of new highly effective and low-toxic drugs. In recent years, interest in
hydrazones has increased again, which is associated with the discovery of high anticancer activity and other
types of activities in a number of derivatives of hydrazine compounds [9-11].

Currently, the search strategy for chemical compounds with anti-tuberculosis activity is carried out in
several directions. These are chemical modification of known anti-tuberculosis drugs, optimization of
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pharmacokinetics by obtaining polymeric forms of anti-tuberculosis drugs, developing new composition of
dosage forms and synthesizing new classes of organic compounds with anti-tuberculosis properties [11-13].

For a number of years, the Institute of Organic Synthesis and Coal Chemistry of the Republic of Kazakh-
stan has been carrying out research on the search for new bioactive compounds based on isonicotinic acid
hydrazide and optimal methods for their preparation. One-step methods of obtaining known anti-TB drugs,
namely 4-pyridinecarboxylic acid hydrazide («isoniazid»), 4-pyridinecarboxylic acid [(4-hydroxy-3-methox-
yphenyl)methylene]hydrazide («ftivazide») and other drugs with high yields have been implemented. Synthe-
ses were carried out using microwave activation technology [14]. Microwave (MW) activation of organic re-
actions is one of the new directions in chemical synthesis [15—18]. Chemical transformations occur with the
use of microwave radiation with the participation of solid dielectrics and liquids. The developed methods are
consistent with the principles of the concept of «Green Chemistry» [19].

In continuation of the studies [20, 21] we present the results of studying the effect of microwave exposure
on the synthesis of certain hydrazone derivatives of isonicotinic acid in the article.

Experimental

The 'H and '*C NMR spectra of compounds (1-4) were recorded in DMSO-ds using a JINN-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.

Syntheses of the new isonicotinic acid hydrazones under classical conditions were carried out at a 1:1
ratio of initial reactants in an alcohol medium and the reaction time was from 2 to 6 hours with heating
(65-75 °C) in a flask with reflux condenser. Similar reactions in the microwave field were carried out in the
reactor for microwave synthesis Monowave 300 manufactured by «Anton Paar» with a maximum radiation
power of 350 W and a frequency of 2455 MHz.

Synthesis products were isolated and purified by standard, well-known methods. The authenticity of the
product is unambiguously proved by comparing the melting point, analyzing the 'H and '*C NMR spectra with
previously synthesized compounds under the conditions of the classical method. Purity was monitored by thin
layer chromatography.

Results and Discussion

In this paper, we studied the possibility of optimizing the synthesis of a number of new hydrazone deriv-
atives of isonicotinic acid under microwave (MW) activation conditions in comparison with the classical
method. To this end, we conducted a series of experiments to determine the optimal conditions for the synthesis
of compounds (1-4). In order to establish the optimal condition, an alcoholic solution of INH and the corre-
sponding aldehyde was placed in a 1:1 ratio in a glass container. The reaction mixture was irradiated with
microwaves of 75, 150 and 350 watts. The conditions of the microwave synthesis reaction were selected by
varying the time and radiation power.

0 NH-NH, NH-N=CH—R

@)
N _H X
+ R—C —_— |
N

N
1-4
OH
/CHZCH3 /CH2CH3
R = ON\ ; N,
CH2CH3 CHZCH3
1 2
R = \/\@; J
Br
CH,(CH>)4CH 3
3 4
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Comparative results of the optimal conditions for the synthesis of the studied hydrazones (1-4) at differ-
ent irradiation powers are shown in Table 1.

Table 1
Yields of hydrazones (1-4) under conditions of MW activation at different powers (W)
and classical heating (CH), the reaction time is 2 hours
Microwave activation
Comp. Compound name L . . yield, %

No. MW radiation power, W | MW time, min MW CH
N-(4-(diethylamino) benzylidene)- 75 70 50

I lisonicotinohydrazide 150 30 97 85
Y 350 20 85
N-diethylamino-2-hydroxybenzylidene- 75 90 65

2 lisonicotinohydrazide 150 60 80 66
Y 350 30 78
N-(2-bromo-3-phenyl) allylidene)- 15 60 80

3 lisonicotinohydrazide 150 70 82 70
Y 350 90 74
N -(2-benzylidenoctylidene)- 75 70 85

4 lisonicotinohydrazide 150 40 95 78
Y 350 60 80

As follows from the analysis of the obtained data, the duration of the synthesis and the yields of these
compounds (1-4) depend on the power and time of the microwave heating. During the interaction of 4-diethyl-
aminobenzaldehyde with INH under microwave irradiation, the maximum yield of N-(4-(diethylamino)ben-
zylidene) isocotinohydrazide 1 (97 %) was found to occur at a power of 150 W and an irradiation time of
30 minutes. Under conditions of classical synthesis, the highest yield of product 1 is 85 % with a reaction time
of 160 minutes, i.e. the reaction rate in terms of microwave activation is reduced by 5.3 times.

Similar results were obtained for the remaining reactions. The highest yield of the final product under the
conditions of microwave activation with an irradiation power of 150 W was for hydrazone 4 (95 %), which
can be explained by the structural features of the reactants. Figure 1 shows the dependence of the influence of
the duration of activation time on the hydrazone yield at different microwave activation powers in comparison

with the classical method.

100
vield,
% 90

97

50

10

20 30 40 50 60 70 80 90 100 110 120
Time, min

B75W W150wW [E350W M classical heating

Figure 1. The effect of MW power on the duration of the synthesis and on the yield
of N-(4-(diethylamino)benzylidene)isonicotinohydrazide 1
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The structure of compounds (1—4) was also confirmed by the methods of two-dimensional NMR spec-
troscopy COSY ('H-'H) and HMQC ('H-'3C), which makes it possible to establish spin-spin interactions of a
homo- and heteronuclear nature (Fig. 2, 3). The observed correlations in the molecule are presented in the
diagrams. In the spectra of 'H-"H COSY compounds, spin-spin correlations are observed through three bonds
of neighboring aliphatic protons in the N-diethyl fragment of H2**2-H'*2! (1.03; 3.33 and 3.32; 1.05) of the
benzylidene core H'*!'6-H'*17 (6.65; 7.48 and 7.48; 6.66) and the pyridine ring H*>*-H>° cross-peaks with coor-
dinates at 7.76; 8.72 and 8.71; 7.77 (Fig. 2, 3). The heteronuclear interactions of protons with carbon atoms
through one bond were established using 'H-*C HMQC spectroscopy for pairs: H>**-C2°22 (1.03; 12.93),
H!416.C1%16(6.63; 111.53), H'>17-C!317(7.45, 129.54), H35-C33(7.76; 121.92) and H*2-C*¢(8.70; 150.73).

Figure 2. Scheme of correlations of COSY Figure 3. Scheme of correlations of HSCQ
("H-"H) of compound (1) ("H-13C) of compound (1)

In order to establish the spatial structure of the molecule N-(4-(diethylamino)benzylidene)isonicotinhy-
drazide 1, its X-ray diffraction study was carried out. For structure 1, X-ray diffraction data, cell parameters
and reflection intensities were obtained at 100 K using an Agilent Supernova, Dual Source, Cu at zero diffrac-
tometer equipped with an Atlas CCD detector using o scanning and MoKa (0. = 0.71073 A) radiation. Images
were interpreted and integrated using the CrysAlisPro program [22]. The experimental data were processed by
the Olex2 program [23], the structure was decoded by direct methods using the ShelXL program, and refined
using ShelXS [24, 25] using the least squares method on F?. Non-hydrogen atoms were anisotropically refined
and hydrogen atoms in the upper mode and isotropic temperature factors were fixed at 1.2 times U (eq) of the
parent atoms (1.5 times for methyl groups). A general view of the molecule 1 is shown in Figure 4.

Figure 4. Molecular structure of the compound (1)

From the data obtained it follows that the bond lengths and bond angles in compound (1) are close to
normal. The monoclinic crystals, space group Ia (N 9), a=9.16383 (17), b=9.45505 (11), c = 18.6806 (2) A,
B=102.704 (15)°. V=157894(4) A3, Z=4, T=1000(1)K, (Ci7HNs0), M =296.37 g/mol,
doomp = 1.247 g/em?, u = 0,643 mm™'. The scan area is 9.7 < 20 < 150.86, the number of reflections measured
18 30824 (Rin = 0.0569, Rsigma = 0.0200), 3013 independent reflections with / > 26(/), GooF = 1.053 were used
in the calculations. The final divergence factors are R; = 0.0446, wR, = 0.1175 (for reflections with /> 26([)),
R1=10.0455, yR> = 0.1196 (for all reflections). Peaks of residual density: Ap = 0.21 and —0.31 /A’

Tables 2 and 3 show the physico-chemical and spectral NMR 'H and '3C data of the synthesized sub-
stances (1-4).
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Table 2
Physical and chemical data of the synthesized hydrazones (1-4)
C;Tp' Compound name Gross formula  |Mol. weight| Yield, % T. mel., °C
1 N-(4—(d1ethy1ammo) ben-zylidene) isonicotino- C1HxoNO 296.37 83.7 192-193
hydrazide
) N-d}ethylamlqo-Z-hydroxybenzyhdene-1s0n— Ci-HaoN4O» 312.37 32 224295
icotinohydrazide
3 N-(2-b?omo-3-pheny1) allylidene) isonicotino- C1sHpBIN:O 33018 63.04 211213
hydrazide
4 I;d;(Z-benzyhdenoctyhdene) isonicotinohydra- CotHosNO 335 44 08 110-112
Table 3
NMR 'H and 3C data of the synthesized compounds (1-4)
Compound 'H and 3C NMR (ppm)
_CyHs |NMR 'H (DMSO-de), 8, m.p.: 1.06 t (6H, 2CH3), 3.31-3.35 m (4H, 2CH>),
NH-N= CH N

Evj C2H5

6.66 d (2H, CH'*16,,, 31 8.7), 7.48 d (2H, CH'>74,, 31 8.7), 7.77 d (2H,
CHP3, 31 4.6), 8.25 s (1H, N=CH), 8.72 d (2H, CH>®, 3] 4,6), 11.72 s (1H,
NH).

NMR 3C (DMSO-dg), 8, m.p.: 12.96 (2CHs), 44.26 (2CH,), 111.56
(CH'*165), 120.76 (C'? o), 122.00 (CH>), 129.56 (CH'>174,), 141.37 (Ca,
N=CH), 149.57 (CH>%), 150.41 (C' »,), 161.48 (C=0)

CoHs
0w _NH-N=CH
E\S Csz
>
N

NMR 'H (DMSO-ds), 3, m.p. (J, Hz): 1.05 t (6H, 2CHs-, J 6.9), 3.29-3.35
m (4H, 2CH,), 6.08 s (1H, CH'®), 6.23 d (1H, CH', J 8.2), 7.19 d (1H,
CHP, 31 8.7), 7.78 d (2H, CH*3, 3 2.7), 8.40 s (1H, N=CH), 8.73 d (2H,
CH26,372.7), 11.26 s (OH), 11.99 s (NH).

NMR 3C (IMCO-dg), 3, m.p.: 13.04 (2CHs), 44.34 (2CH,), 97.89 (CH'6),
104.27 (CH™), 106.77 (C'?), 121.94 (CH>%), 132.15 (CH'"3), 140.77 (C%),
150.84 (CH29), 151.32 (N=CH), 160.32 (C'"-OH), 161.10 (C=0).

EVjHNCHf\@

NMR 'H (DMSO-de), 5, m.p. (J, Hz): 7.38-7.43 m (3H, CH'>'7-1%), 7.67 s
(1H, CH'"), 7.77 d (2H, CH33, 37 1.8), 7.84 d (2H, CH'6'8, 3] 6.4), 8.34 s
(1H, N=CH), 8.75 d (2H, CH29), 12.19 s (1H, NH).

NMR 3C (DMSO-dg), 8, m.p.: 119.50 (C'?), 122.07 (CH>%), 128.99
(CH'$19), 130.34 (CH'6'®), 135.04 (C'%), 139.37 (CH'?), 140.85 (C*),
149.53 (N=CH), 150.90 (CH29), 162.27 (C=0).

CH,(CH,),CH;

E\SNH—N—CH\(\@

NMR 'H (DMSO-dy), 8, m.p. (J, Hz): 0.79 t (3H, CH;%), 1.05-1.09 m (2H,
CH,?), 1.21-1.29 m (4H, CH,?, CH,*), 1.51 m (2H, CH,?"), 2.56 s (2H,
CH,?), 6.79 d (1H, CH'3), 7.28-7.39 m (4H, CH'®'$, CH'S1%), 7.55 d (1H,
CH'), 7.76 d (2H, CH>9), 8.13 s (1H, CH'7), 8.73 d (2H, CH>9), 11.86 s
(1H, NH).

NMR 3C (DMSO-do), 8, m.p.: 1446 (CHs*), 22.59 (CH*), 26.22
(CH,?), 28.53 (CHy?'), 29.45 (CH,?), 31.30 (CH,?), 122.04 (CH>S),
128.43 (CH'®'%), 128.96 (CH'S'%), 136.58 (C'4), 137.15 (CH'"), 137.99
(CH'?), 141.18 (CY), 149.83 (N=CH), 150.82 (CH>®), 154.22 (CH"),

161.93 (C=0).

Conclusions

Thus, targeted synthesis of new isonicotinic acid hydrazones on the basis of isonicotinic acid hydrazide,
under conditions of convection heating and microwave irradiation was carried out. As a result of a comparative
analysis of the data obtained, it was determined that the use of microwave irradiation contributes to an increase
in the yield of the product and a decrease in reaction time by a factor of (3—4) than according to traditional

technology.
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C.J. ®a3puios, O.A. Hypkenos, T.M. CeiisixaHoB,
I'.2K. Kopinosa, K. Ban Xekke, E.M. Cynetimen, A.M. Fazanues

MuKpOTOJKBIHABI CAYJIEJIEHAIPY KAFAAbIHAA H30HUKOTHH KbIIIKbIJIBIHBIH
THAPA30HABI TYBIHABLIAPHI CHHTE3i

Makanaaa U30HHUKOTHH KBIIIKBUIBI THAPA3UIIHIH CIUPTTIK OPTaja MHKPOTOJIKBIHIBI AaKTUBTCHAIPY JKaFiai-
BIH/IA APOMATTHI AJIBJETUATEPIH TYPJIi TYBIH/IBUIAPBIMEH ©3apa OPEKETTECYHIH PEaKIUACHIH 3ePTTEY HOTHXKE-
Jepi KapacThIpbUIFaH. [ 'MAPa3OHIApIbIH IIBIFBIMBIHBIH KJIACCHKAJBIK OMICICH CAIBICTBIPFAaHIa MHKPOTOJI-
KBIH/IbI COYJICTICHY LiH TYPJli KyaTTaphl Ke3iHze OeJICEHIpY YaKbIThIHBIH Y3aKThIFbIHA OaliIaHbICTBI 3PTTEY HO-
TIokenepi kentipinren. CHHTE3AIH XKYpy JKaFaaiiblHa XKOHE MaKCaTThl OHIMICPAiH LIBIFBIMBIHA 9CEP €TETiH He-
Ti3ri haKkTOpIAPEI 0JI MUKPOTOJIKBIH/IBI OCTICCHIPY/IiH KyaThl MCH YaKbIThI, COHJal-aK peaKIUsFa TYCeTiH 3aT-
Tap.IbIH KYPBUIBIMJIBIK ePEKIIETiKTepi OOJIbIN TaObUIATHIHBI aHBIKTANIBL. BapIiblK 3epTTeNreH peakuusiap YIlid
MaKcaTThl OHIMIi aTyJbIH OHTAMIIBI [APTTapbl KOPCETiNreH. MI30HUKOTHH KBIIIKBUIBIHBIH JKaHa MHAPa30HIapbl

42 BecTHuk KaparaHgmHckoro yHusepcurteTa



Synthesis of hydrazone derivatives of isonicotinic acid ...

CHHTE31HCH allbIHFaH HOTHKEJIEPiH CaNbICTRIPMAIbI TaJIay HOTHKECIHAC MUKPOTOJIKBIH/IBI COyIISICHY /i Maii-
JlaNaHy eHIMHIH IIBIFBIMBIHBIH apTybIHA JKOHE PEaKUUs YaKbITHIHBIH JOCTYPJIi TEXHOJIOTUsFa Kaparanna 3—4
ece TOMEH/IeyiHe BIKIaJ eTeTiHiI aHBIKTaIAbl. OpOip OHIMHIH TYITHYCKAIBIFbI 0aJKy TeMIIepaTypachlH cajblc-
TBIPYMEH, COHJali-aK KJIACCHKAJIBIK CHHTE3 d/liCTePIMEH aJIbIHFaH H30HUKOTHH KBIIIKBUIBIHBIH OYPBIH CHHTE3-
JIeTIreH THAPA30HbI TyBIHABIIAPBIHEIH (H3MKa-XUMHSUIIBIK CHUIIATTaMalapblH TaIgayMeH O1pMoH/II ToJIeIeH-
ren. Bapibik cuHTE3ENreH KOCKUILICTAPbIH Kypbuibickl SIMP 'H- xone '*C-cniekrpockonus amicrepimen,
coupaii-ak COSY ('H-'H) xone HMQC ('H-!3C) ekienmempi CreKkTpiepiHiH NepeKTepiMeH 3epTTEreH.
PeHTreHKypbUIBIMABIK Tangay MadiMertepiMeH N-(4-(IudTrinaMuHO)OSH3WIACH ) M30HUKOTHHOTHPA3HATIH
KPUCTAIIBIK KYPBUIBIMBIHBIH HETi3ri napamerpiiepi OenrineHreH. M30HUKOTHH KBIIIKBUIBIHBIH THIPA30H TY-
BIH/IBUIAPBI CHHTE31HiH 931pJICHIeH MUKPOTOJIKBIH/IBI 9/IiCI «KACBUT XUMHUSD TYXKbIPIMIAMAChIHbIH KaFHJaTTa-
pBIHA ColiKec Keeai.

Kinm co30ep: N30HUKOTHH KBIIIKBUIBIHBIH MHAPA3HIl, THIPA30H, apOMATThI AJICTHATEP, MUKPOTOJIKBIHBI CIY-
JeTeHAIpY.

C.A. ®azbuios, O.A. Hypkenos, T.M. CeitnxaHos,
I'. K. Kapuniosa, K. Ban Xekke, E.M. Cyneiimen, A.M. ['azannen

Cunre3s THAPa3soHOBbIX MPOU3BOAHBIX M30HUKOTHHOBOW KHUCJIOTbI
B YCJI0BHAX MHKpOBOJ’IHOBOﬁ AKTHBalluHU

B cTaThe pacCMOTPEHBI PE3yNbTATHI H3yUEHUs PEAKIMN B3aUMOJICHCTRYS THAPA3U/Ia H30HMKOTHHOBOI KHC-
JIOTBI C Pa3TUYHBIMU MPOU3BOHBIME apPOMATHYECKHX AlTbIETHIOB B YCIOBUSX MUKPOBOJHOBOI aKTHBAIIMH B
crupTOBO# cpefie. [IpuBeIeHbl pe3y IbTaThl H3yYEHHS 3aBUCHMOCTEN BBIXO/[a THIPA30HOB OT MPOIOIKUTE b=
HOCTH BPEMEHH aKTUBALMH TIPH PA3TMYHBIX MOI[HOCTSIX MUKPOBOJIHOBOTO OOy Y€HHUs B CPABHEHUH C KIIACCH-
9ECKOM METOJIOM. Y CTAHOBIIEHO, YTO OCHOBHBIMHU (DAKTOPAMH, BIMSIOIMMH HA XAPAKTEP MIPOTEKAHKS CHHTE3
M BBIXO/IBI LIENIEBBIX TPOYKTOB, SBISIOTCS MOIIHOCTD M BPEMs MHKDPOBOIHOBOW aKTHBAIMH, & TAKIKE CTPYK-
TypHBIE 0COOEHHOCTH PEArUPYIOIIMX BEMECTB. JIIsl BCEX M3YUEHHBIX PEAKIUI TIOKA3aHbI ONITHMAJBHBIE YCIIO-
BHUSI TIOJTy9EHHUs TIENEBOT0 TIPO/IYKTa. B pe3ysbTaTe CPaBHATENLHOTO aHANH3A MOMyIEHHBIX PE3yTBTATOB CHH-
Te3a HOBBIX THJIPA30HOB H30HUKOTHHOBOIN KUCIIOTHI GBUTIO OTPEIIENEHO, 9TO UCTIONE30BAHIE MUKPOBOJIHOBOTO
00JTy9€eHHUs CIOCOOCTBYET YBEIMUEHHIO BEIX0/A TIPOLYKTa M CHUYKEHUIO BPEMEHH PEAKIMU B 3—4 pasa, 4eM 1o
TPaMIMOHHON TeXHOIOTHH. [[0/UIMHHOCTE KaXk [0T0 MPOYKTa OJHO3HAYHO JIOKAa3aHa COMOCTABIEHHEM TEM-
IIEpaTyphl TUIABJIEHNS, & TAKKE AHATM30M (QH3MKO-XUMUYECKUX XaPAKTEPUCTHK C PAHEE CHHTE3MPOBAHHBIMH
TUIPa30HOBBIMH TPOU3BO/IHBIMA H30HUKOTHHOBOM KHCIOTBI, MOJTYYEHHBIX METOJAMH KJIACCHYECKOTO CHHTE3A.
CTpoeHne BCEX CHHTE3MPOBAHHBIX COEMMHEHMI Mccienoano meronamu SIMP 'H- n *C-ciexrpockonuu, a
TaKKke naHHbMU 1ByMepHbIx ciektpoB COSY ("H-'H) u HMQC ('H-'3C). JlaHHBIMHM PEHTTEHOCTPYKTYPHOIO
aHaJIM3a YCTAHOBJICHBI OCHOBHBIC IMApaMETPbl KPUCTALIMYECKOH CTPYKTYpsl N-(4-(ZM3THIAMHHO)OEH3U-
JIMJIeH)U30HAKOTHHOTHIPasHia. Pa3paboTaHHEI MHKPOBONHOBOM METOJ| CHHTE3a THIPA30HOBBIX MPOM3BO/I-
HBEIX M30HUKOTHHOBOM KUCIIOTE COOTBETCTBYET TPHHIIMIIAM KOHIIETIIHH «3€IEHAS XUMHUSD.

Kniouesvie cnosa: ruapasujg HM30HUKOTUHOBOM KHUCJIOTBI, THAPa30H, apOMaTUYCCKUE aJIbACTU/Ibl, MUKPOBOJIHO-
Bas aKTUBalyd.
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Mechanism of the process of photochemical metallization of dielectric surfaces

The possibility of applying copper-containing films on the surfaces of various samples was investigated in the
paper. Flat and smooth copper plates and fabric were used for the study. The sample of dielectric material was
immersed in the solution, then they were dried in the sun, and work was done on the deposition of copper on
the surface of the sample. The study of the rate of photochemical reduction of copper showed that the process
consisted of two stages. In the first 30 minutes of the first stage, by increasing the concentration of Halogens
during drying of the coating, a semiconductor layer is formed, and in the second — the direct photochemical
reduction of copper, which takes about 30 minutes, but then gradually slows down. At the second stage, the
rate of the photochemical reaction is equal to the rate of chemical or galvanic metallization. As a result of the
photochemical reaction, when drying the sorption layer under the influence of sunlight, copper semiconductors
are formed, which shape metallic coatings on the surface. This, in turn, can be used to make thinner films.
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Introduction

Decomposition of copper halides and their analogs under the influence of light refers to the photochemical
method. At the same time, part of the sample exposed to brightened, and particles of copper, gold and silver
are formed on the surface.

When processing the surface layer of the material under the influence of solar treatment with CuCl solu-
tion, a black layer gradually forms on the surface of the fabric. The reaction is characterized by the following
equation:

2CuCl ¥ Cu + CuCl, (1)

When processing the surface of the material is treated with a solution of CuCl, both of these reactions
occur on the surface of the fabric and form solid crystals of chlorine copper. Crystals can be rinsed with water,
but when added to the water, the black coating of the copper is lost, which indicates the return reaction:

Cu + CuCl, — 2CuCl )

To obtain high-quality coatings on the surface of dielectric materials and to study their physicomechanical
properties, it is necessary to study the mechanism of photochemical reduction of copper coatings and its sub-
strate.

It is known that most unipolar compounds of a copper substrate decompose quickly under the influence
of heating or light. It is also known that metal halogenates of a copper substrate are binary semiconductors.
Therefore, there is a relationship between semiconductor properties and photosensitivity.
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The sensitivity of halides is used to produce metal layers on these surfaces to give them bactericidal
properties. Such products may include door handles, fire extinguishers, curtains, pillows, dressings, bacteri-
cidal impregnations in household appliances, clothing [1].

Since ancient times, mankind has known about the bactericidal properties of copper and its analogues. In
2008, the status of substances with a bactericidal surface of copper and its several melts was officially given.
There is a tendency to use silver, as well as copper, in the production of bactericidal coatings [2, 3].

Thus, the method of laying metal coatings of copper substrate on different surfaces is widely used in
different fields of technology. In particular, the use of bactericidal properties of copper and its analogues in
medical materials is promising. It is convenient to use copper (II) chloride and gold (III) chloride when remov-
ing the light fluidized chloride layer. Therefore, the proposed work provides a mechanism for the transfor-
mation of light-sensitive coatings on various materials of these salts [4].

Results and Discussion

Cotton fabric was used in the studies (marking AA010278), which is most widely used for medical pur-
poses [5]. Separate experiments on the photochemical reduction of copper halides were carried out in mono-
valent copper solutions. Thus, a suspension of 30 g of CuCl in 100 ml of water was prepared to obtain a copper
coating on the surface of the fabric material, and then the solution was poured onto the surface of the fabric.
Next, the sample is exposed to sunlight. Depending on the drying of the fabric, its surface is covered with a
black layer. Covered areas with light-resistant protection remain unchanged in accordance with Figure 1.

Two products obtained by reaction 1 stay on the surface of the fabric as solid crystals of copper di-chloride
and nanoparticles of copper. However, the black layer of copper is eliminated by the addition of water, which
means a backlash 2.

The correctness of this mechanism is confirmed by experiments on photochemical reactions on the sur-
face of copper samples. In the following experiments, the samples were treated with copper (II) bromide. In
this case, the halide compounds react with the copper surface to the following reaction:

CuBr; + Cu — 2CuBr 3)

When the surface is immediately exposed to sunlight after such treatment, its surface layer is colored. In
addition, the dark color of the sample depends on its drying. In addition, some areas of the sample were dark-
ened from sunlight when they were exposed to the sun. Figure 2 shows the color change of the copper sample
at each stage of the process [6].

3

Figure 1. The fabric is treated 1 — surface layer after treatment in a solution of 30 g/l CuCly;
with an aqueous solution 2 — sample surface treatment after exposure to sunlight; 3 — surface layer
of CuCl and exposed to sunlight after screening of some parts under the influence of solar treatment

Figure 2. Changing the color of surfaces in samples during exposure
to a light-sensitive layer

Consequently, the copper base, which is a reducing agent, contributes to the slowing down of the reaction.
Therefore, it is recommended that the sodium hypophosphite solution be added to the solution by coppering
dielectric materials.

Methods of copper coating were carried out in fabric samples measuring 2x5 ¢cm to determine the indi-
vidual technological parameters of the process. The sample is poured with a solution of CuCl,x2H,0 —
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100 g/1. In this connection, the volume of the solution retained by the sample was 0.6 ml. Copper in this solu-
tion is about 25x107 g [7].

The results of the study revealed that the process of photochemical reduction of copper consists of two
stages: the formation of a semiconductor layer due to an increase in the concentration of halogen during the
drying of the coating occurs in the first 30 minutes of the first stage. Direct photochemical reduction of copper,
which takes about 30 minutes, but then gradually slows down in the second stage. Therefore, in the second
stage, the rate of the photochemical reaction is equal to the rate of chemical or galvanic metallization.

The following empirical relationships were obtained for studying the reaction kinetics mechanism. The
influence of the concentration of copper chloride on composite copper and its analogs has been studied. As
shown in Table 1, the concentration of copper chloride increases with the weight of the coating, but the thick-
ness of the coating does not affect the absorption rate of copper chloride in accordance with Figures 3-5.
Consequently, the reaction rate of copper chloride is 0.

Table 1
Effect of copper chloride concentration on the weight of the film
. Time, min Concentration of copper chloride, g/l
et i 01 1 10 | 30 | 50 70 100 [ 150
ppet, mg 0.024 0.24 2.4 72 12 16.8 24 36

The reaction rate of copper chloride at various concentrations (differential method) was studied in ac-
cordance with Figures 6-8.
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The reaction rate was studied at different concentrations of copper chloride to determine the order of the
reaction.
2CuCl, + H,0 + NaH,PO, — 2CuCl + 2HC1+ NaH,PO, 4)

The reaction rate is calculated by the Vant-Hoff method (differential method) using the following for-
mula:
n;= (1gW1 - lng) / (lgCo_1 - 1gCo,2). (1)
Description: W1, W», Co.1 and Co» actual rates of reaction at baseline concentrations; n; — the concentra-
tion is Cp individually in the component.
The results are shown in Table 2.

Table 2

Effect of copper chloride concentration on the rate and order of the reaction

Concentration of copper chloride, mol/1-1073 4.5 5.8 5
Actual reaction rate, /min-103 0.112 0.145 0.125
Reaction order - 0.365 0.365

The reaction rate does not affect the moisture content of the mixture (i.e. H,O). Let's calculate the true
reaction rate:

_45
W=""40

W, =58/ =0.145;

W, =Y =0-125.

=0.112;

_ (g, ~1gW,) 5
" (lgCOAl _lng) ' @)
. _0653-0763 0110 _ .

b-1-(-0.698) -0301

n, = (gw, —1g;) (3)

(1g Co, —1gW,, ) ‘
B —0.838 — (—0.903) _ 0.064

n, = = =0.365 .
~0.698—(-0.522)  0.176

Thus, the kinetic equation for the complete reaction for the formation of composite shells of copper and
its analogs is written as follows:
V — K . C0.366—0.365 (4)
Description: kK — reaction rate constant, min .
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The following formula is used to determine the activation energy:

RTT)lg n
_ Krz
o« = 6)
I,-T,

Description: E,., — activation energy of the reaction, J/mol.
0.1125 =k, -4.5°°%;

k, _o12 0.065 ;
1.73
0.145 =k, -5.8°%;

k=219 10,
1.190

0.125=k, -5°%%;

k=125 _6.069.
1.801
Activation energy:
RTTlg *n
KTZ
B, = (©)
L1,
Well, then,
2-303'8-31'298'308(0'0641_218) 0.053-308-298-8.31-2.303 X
E, = = =9.437-10°:
(308—298) 10
2-303'3-31'298'313(0'06%218) 0.053-308-298-8.31-2.303 X
Eath = = = 6762 . 10 .
(313—298) 10

The results of the study of the temperature dependence of the reaction rates in time are given in Table 3.
Consequently, a low concentration of the coating formation makes it possible to obtain a semigloss coating,
which varies from black to gray-black. The coating thickness was about 0.3—-0.6 um, depending on the con-
centration of copper chloride, the base material and the surface layer. Thus, as a result of photochemical reac-
tion of the sorption layer under the influence of sunlight, copper semiconductors form metal coatings on the
surface. This, in turn, can be used to produce thinner coatings.

Table 3
The influence of time and temperature on the reaction rate and its constant
Parameters Temperature, °C Time, min (40 min)

308 0.112
Rate of reaction, sm*/min 298 0.145
313 0.125
308 0.064
Rate constant, min! 298 0.218
313 0.069

L 9.437x10°

Activation energy, J/mol 6.762%103

Conclusions

Mechanisms of photochemical reactions in thin layers of solutions of copper halide are presented. Copper
halides and its analogs can participate in the oxidation-reduction reaction under the influence of sunlight. In
thin films, monovalent halides are formed first under the action of beams. These are semiconductors, because
they are oxidized by the sun’s quantum of light, and the positive charge generated at this moment is the «va-
cancies» of the water molecule or oxidizes the hydroxide layers of material cellulose.
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As aresult of photochemical reaction in the sorption layer under the influence of sunlight it is proved that
semiconductor copper components forming metal coatings on the surface are formed. It is shown that the
process of studying the photochemical reduction of copper is two steps.
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JmaJieKkTpaik 0errepai (POTOXMMHUSIIBIK MeTajiay NPoueciHiH MeXaHu3Mi

Makanazna MBICKypaMIac KanTaMalap/sl dpTYpil Yiuriaepain OeTiHe KOHABIPY MYMKIHAITT 3epTTenreH. 3epT-
Tey YLIIH Teric jKoHEe jKaJak MbIC IUIACTHHAJIAp MEH MaTa KOJIAQHBULABL JIM3JIEKTPI MaTepuasblH YJrici
epiTiHgire GaTBHIPBUIABL, ONap KYH SHEPrHACHIMEH KENTIpili >KoHe MBIC YITIHIH OeTiHe TYHABIpY OoifbIHIIA
JKYMBIC JKYPri3isizii. MBICTBIH (POTOXMMHSUIIBIK TOTBIKCHI3IaHy KbUIIAMIBIFBIH 3€PTTEY MPOLECi eKi Ke3eHHEH
Typazpl. bipiHmi ke3enHiH anraikel 30 MUHYTBHI — OyJ1 KanTaMaHbl KENTipy Ke3iH/e rajloreHaepiH KOHIIeH-
TPaLMSCHIH apTTHIPY eceOiHeH KapThUIAHOTKI3III KaOaTThIH KaJbINTACybl, aj eKiHurici — 30 MUHYTKA JKYBIK
YaKBIT aJIaThIH MBICTbIH TiKeJIel ()OTOXMMHUSIIBIK TOTHIKCBI3IaHybl, OipaK cosaH KeliH OipriHaen Oasynaiisl.
Exinmi ke3eHne GOTOXHUMHSUIIBIK PEaKLHs KbUIIAMIIBIFBl XUMHUSIIBIK HEMece TajlbBAaHUKAIBIK MeTau3alis
JKBUIIAMIBIFBIHA TeH. QOTOXMMUSTIBIK PEaKIis HOTIDKECIHE KYH COYJIECiHIH ocepiHeH cOpOIMsIIbIK KadaTt
KypraraH Ke3zie OeTiHIe MeTalul KalTaMaHbl KYpailThIH MBICTBI XKapThlIaileTkisrimTep naiina 6omaasl. ByHsl,
03 Ke3eriHje, ’KyKa KanrtaMmaiaap/bl JaiblH/ay YIUiH naiaananyra 6oJapl.

Kinm coe30ep: Mexanu3m, GOTOXMMUS, METATH3AINS, TUIIIEKTPIIK OET, MBIC, pEeKIHs, Karnrama, Kabar.

I1.A. A6aypa3zosa, III.T. Komkap6aesa, M.C. Caraes,
H.O. /Ixxakumnbexosa, E.b. PaiibiMOexkoB

Mexanu3m npoiecca poTOXUMHYECKOH MeTAIH3AIUH
AUDJIEKTPUYECKUX MOBEPXHOCTEH

B crarbe ucciiejoBaHa BO3MOXHOCTh HAHECEHHS! MEIBCOJIEPIKAILMX HOKPBITUH Ha MIOBEPXHOCTH PA3JIMYHBIX
o0pasioB. [ uccnenoBaHust ObUIM HCHOJIb30BAHbI INIOCKUE U IJIAJIKME MEJIHbIE TUIACTHHBI U TKaHb. O0pasen
JMPIIEKTPUYECKOr0 MaTepuaia Obll IOTPYKeH B PAcTBOP, 3aT€M OHM ObUIM BBICYLIEHBI Ha COJHIIE, U ObLIa
npoyienaHa paboTa Mo OCaXKICHHIO MM Ha MOBEPXHOCTh oOpasua. M3yuenne ckopoctd GpOTOXUMHYECKOTO
BOCCTAHOBJICHHS] MM [TOKA3bIBAET, YTO MPOLIECC COCTOUT U3 ABYX 3Tanos. B nepssie 30 MuHyT mepBoro srana
3a C4YeT yBEJINUCHHUS KOHIIEHTPAINH aJIOTeHOB IIPH CYIIKE ITOKPBITHS 00pa3yeTcs MOTyNPOBOAHUKOBEIN CIIOMH,
a BO BTOpPOH — MpsiMoe (OTOXMMUYECKOE BOCCTAHOBICHHE MEIH, KOTOpoe 3aHMMaeT okono 30 MUHYT, HO
3aTeM IOCTEIeHHO 3aMmemsercs. Ha BropoM sTame ckopocTb OTOXHMHUUECKON pPeakuy paBHA CKOPOCTH XH-
MHYECKOW WJIM TabBaHUYECKOW MeTayumn3aiuuu. B pesysbrare poTOXMMHYECKON peakly MPH BBICHIXaHUH
COPOLIMOHHOTO CJIOS 110/ BO3/ICHCTBUEM COJIHEUHBIX Jy4yel Ha MOBEPXHOCTH 00pa3yIOTCsk MEHbIE HOJIYIPO-
BOJHHUKH, (OPMUPYIOLINE METANINYECKYIO IUICHKY.
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Sorbents based on mesoporous silicas modified with hydrazide functional groups

The silica-based sorbents characterized by MCM-41 pore structure and modified with hydrazide groups were
synthesized. The low-temperature nitrogen sorption method, X-ray phase analysis, FT-IR spectroscopy and
scanning electron microscopy were used to determine textural-structural properties of the silica sorbents under
investigation. The presence of modifier reduces values of specific surface area. The impregnation method en-
hances adsorption capacity to a larger extent as compared with the direct synthesis method. The sorption of
copper (II), nickel (II), and cobalt (II) from aqueous solutions by the obtained reagents was studied. The study
of non-ferrous cations’ adsorption evinced that, depending on pH value of the medium, both conjoint extraction
and separation of cations were possible. The sorbents can be used to quantitatively separate copper (II) ions
from nickel (IT) ions. The sorption capacity of the reagents as dependent on the method for modification of the
silica base and on the monomer concentration was explored under condition of conjoint metal sorption. The
effect of temperature on the sorption of metals by the obtained modified silica at different pH values and the
method of their interaction with the surface of the MCM were determined.

Keywords: mesoporous silica; modification; hydrazide; sorption; acids Versatic, non-ferrous metals, impreg-
nation method, direct synthesis.

Introduction

Determination of trace amounts of elements by conventional physical and physico-chemical methods is
often impossible due to sensitivity and selectivity limitations and rather complicated composition of the solu-
tions analyzed. So, it is very important to develop novel preparation methods of available and inexpensive
sorbents for group extraction of metal ions from aqueous solutions of complicated composition. Combined
analytical methods, such as determination of the microcomponents after concentrating procedure, seem to be
rather promising. Sorption is the most efficient method of concentrating, as the microcomponents from large
volumes of solutions can be concentrated using a relatively small amount of sorbent without organic solvents,
required for conventional metal extraction processes.

Recently, attention of the researchers has been attracted to application of mesoporous materials, charac-
terized by both regular pore arrangement and high textural parameters. Thus, mesoporous silicas have been
widely used as catalyst support materials owing to their unique structure and physicochemical properties [1-8].

Only few papers are devoted to the use of mesoporous structures in extraction and selective sorption
processes [9—15]. From a great variety of sorbents suggested for concentrating of elements, the surface-modi-
fied ones are known to have the best sorption characteristics. Chemically modified silicas (CMS) belong to
this type of sorbents [16—18]. In the modified silicas the favorable properties of the matrix — high specific
surface and high mesopore volume — are combined with the presence of functional groups required for isola-
tion of rare-earth and non-ferrous metal acid complexes. As a rule, functionalized organosilanes (with NH-,
CN-, and other reactive groups in an organic backbone) as well as the salts of transition metals are used for
modification of silica surface [19-24]. In this paper, the MCM-41 silica surface was modified with dimethyl
hydrazides based on Versatic tert-carboxylic acids CH3;RiR,CCOOH where R; and R; are alkyl radicals and
the total length of hydrocarbon chains is 10-19.

The results obtained allow new methods to be suggested for isolation and separation of complexes of
non-ferrous and rare metals from wastewater and technological solutions. These methods are based on con-
centrating of microcomponents from large volumes of solutions using a relatively small amount of a sorbent
without organic solvents. Thus, the study of sorption capacity of mesoporous silica structures is undoubtedly
urgent.

Present paper is aimed at the study of nickel (II), cobalt (II), and copper (II) sorption onto the surface of
modified mesoporous silica sorbents functionalized with hydrazide and amide groups.
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Experimental

The silica base of sorbents with ordered structure of mesopores (MCM-41) was obtained by the template
synthesis method under hydrothermal conditions at 100 °C for 2 days [25]. The following compounds were
used: tetraethoxysilane (TEOS) as a source of silicon, cetyltrimethylammonium bromide (CTAB) as a struc-
ture-forming agent. The synthesis components were taken at the ratio TEOS 1:CTAB 0.2:NHj3 3.5:H,O 100.

Two methods were used to functionalize the surface of silica specimens: post-synthetic modernization —
PM-DMHD and hydrothermal synthesis — HTS-DMHD. Herein, abbreviations DMHD stand for N’,N’-di-
methylhydrazides. The mentioned compounds are based on the Versatic tert-carboxylic acid fractions with the
formula CH3RR,CC(O)OH, where R and R» are alkyl radicals with total number of carbon atoms equaling 10.

MCM-41 was modified via the HTS method, the conditions being described above. A functional reagent
was introduced into the reaction medium after the formation of a SiO; sol during the synthesis of silicon diox-
ide via CTAB and TEOS interaction. Then hydrothermal treatment of the mixture, followed by separation and
drying of the precipitate, was carried out. The template (CTAB) was removed by extraction with ethyl alcohol,
acidified with HCL.

The silica framework was functionalized according to the IM method: the MCM-41 sample was placed
in a round bottom flask, the calculated amount of DMHD was added and the mixture was refluxed in ethanol
medium for 4 hours. Then the reaction mixture was filtered, and the solid residue was dried at 80 °C to remove
the solvent.

Structural pore organization of the silica base was explored by the X-ray phase analysis on the XRD-
7000 diffractometer (Shimadzu, Japan) using CuK,-radiation (Aa=1.54184 A) in low-angular 20 interval (1.4—
10°) with 0.01-0.005° step.

IR Fourier spectrometer, model IFS 66/S (Bruker, Germany) was used to explore the structure of modified
silica sorbents at 150-4000 cm!; specimens were 100-fold scanned at room temperature and at 2 cm™ resolu-
tion.

Textural parameters of the sorbents (specific surface area, total pore volume, pore diameter, pore size
distribution) were determined with use of low-temperature nitrogen sorption at —196 °C on the ASAP 2020
device (Micrometrics, USA) after degassing the material under vacuum at 90 °C for 3 h.

Structural properties of the copolymers were explored as follows. To adjust the requisite pH value of the
100 ml solution containing only copper (II) ions or conjointly copper (II), nickel (II) and cobalt (II) ions, either
hydrochloric acid or ammonium at a respective concentration was added. Next, 0.200 g of modified silica were
added to the obtained mix and stirred. 20 Minutes later, residual content of metal ions was determined in the
aqueous phase. To this end, the SOLAAR iCE 3500 atomic adsorption spectrometer (Thermo Fisher Scientific,
USA) was used. The same device was used to determine titers of standard sulfate solutions of copper (II),
nickel (II) and cobalt (II).

The values of static metal sorption capacity (EM), extraction degree (E) and distribution coefficient (D)
and separation factor () were calculated via the formulas (1-4), with errors not exceeding 5 %.

E = (Co— Ceq)/Co-100 %; 1)
E" = (Co— Ceq)V'/ 1000 m*M; )
D= (410%)/Cue; 3)

B = Dmel/Dyica. “)

Herein, C stands for metal concentration in the starting solution, mol/l; C.q — for residual equilibrium
concentration of extracted metal in the solution, mol/l; Cvie — equilibrium concentration of metal, mg/g; V' —
volume of the flask, ml; m — weighed portion of sorbent, g; M — molar mass of metal, g/mol; 4 — equilibrium
metal sorption, ml/g.

Thermodynamic characteristics of sorption equilibriums, namely limiting adsorption value
(Ie, mol-g™"), and adsorption equilibrium constant (K), were calculated by means of linearization of the Lang-
muir adsorption isotherm [25]:

I'=TK-C/(1+K-C) 5)
or rewritten as:
CIr=1/(K-Tw)+ Cl. (6)

Here, / stands for adsorption value, mol/g; C — for equilibrium concentration of the substance in the
solution, mol/l.
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To explore the structure of the surfaces after gravimetrical measurements, the Hitachi S-3400N scanning
electron microscope equipped with the energy-dispersive analyzer (Bruker, Germany) was used. The surface
of the specimens was scanned with x1000 magnification.

Results and Discussion

1. Structure and characteristics of the sorbents

The X-ray phase analysis applied to explore the silica base structure in the low-angle 20 = 1.4°-10°
interval has shown evidence of reflexes 100, 110, 200, 210 on the X-ray photograph of silica. These reflexes
are characteristic of the steric group P6mm and confirm hexagonal pore organization (MCM-41) of the material
produced. In addition, the X-ray phase analysis has found out modification of MCM-41 silica by means of
hydrazide and amide groups to result in disordering the porous structure.

The results of FTIR-spectroscopic (Table 1) investigations permit the assumption that, during modifica-
tion of the silica base, the silica matrix and the modifying objects most probably interact. This interaction
results, at least, in formation of hydrogen bonds and associates. This phenomenon is evinced by reduced in-
tensity of the band at 3900-2900 cm™!. During hydrothermal synthesis (in the presence of an alkali and quater-
nary ammonium bases under hydrothermal conditions), amides and hydrazides can, in accord with the Hof-
mann rearrangement, possibly be cleaved with formation of amines.

Table 1
FT-IR spectroscopy of the modified silica sorbents
Structural fragments
Sample _ _ Has Has Hs
OH,H,0| NH | c=0 | ¢N | ¢=N | c0 G I
Si0; (MCM-41) 34000000‘ 1636 1236-1091 969 802
DMHD 3252 | 1658 | 1523
HTS-DMHD 33070000‘ 1636 1479 1240-1092 964 800
PM-DMHD 33070000‘ 3427 | 1653 | 1533 | 1469 | 1381 | 1239-1157-1080 | 968 805

Investigation in textural characteristics of the MCM-41 silica base has evinced the sorption isotherms of
the specimens to be shaped typically of organized mesoporous structures, in accord with the IV type of the
IUPAC classification (that is, isotherms with clearly expressed capillary condensation of nitrogen) (Table 2).

Table 2
Textural parameters of the sorbents
Textural characteristics
Sample E,, kJ'mole ™! Specific surface area, | Total pore volume, Average pore
Sger m*-g’! Vit cm3-g! diameter, D nm
Si0, (MCM-41) 952 0.59 2.4
HTS-DMHD 54.6 42 0.07 6.3
PM-DMHD 45.6 239 0.20 3.3

The texture and structure of sorbents was studied by low-temperature nitrogen adsorption method (Ta-
ble 2). According to the data given in Table 2, the sample is a mesoporous material with a high specific surface
area (up to 952 m*xg™!). The binding energy values obtained using the TGM method (Table 2) prove the grafted
groups to be strongly bound to the support surface [26]. The surface area is significantly reduced upon modi-
fication procedure. This effect is the most pronounced in case the grafting and synthesis processes are carried
out simultaneously. A decrease in the specific surface area and pore volume can result in deterioration of the
MSM adsorption characteristics. However, a rather high content of functional groups (13-22 mmolxg') and
ability of the letter to form six-membered chelate cycles with the complexing ion should be taken into account.
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So, these materials can be used as sorbents for concentrating, separation and extraction of nonferrous metals
ions from solutions of complicated composition.

The synthesized specimens being planned to be used as sorbents to treat wastewater, adsorption capacity
for copper (I), nickel (II) and cobalt (II) ions of the sorbents obtained was explored. Porous structure of a
material can appreciably influence the adsorption kinetics. During adsorption, a phenomenon of transferring
the substance inside the pores appears. This phenomenon is characteristic of the diffusion mechanism. This
stage often determines the time of attaining the adsorption equilibrium. Portions of a metal extracted are de-
pendent on the adsorption conditions — on acidity of the medium and duration of contact between sorbent and
solution; therefore, dependence of adsorption on these factors was studied first of all.

The adsorption on the prepared sorbent-support was studied in detail. The optimal contact time of the
sorbent-support with a copper-containing solution was shown to be 20 minutes. The adsorption of cobalt and
nickel in acidic and neutral media is completed within 60 minutes, and in alkaline medium — within
20 minutes.

The adsorption mechanism in case of the adsorbents with the pore sizes commensurate with the size of
the adsorbed molecules is significantly different the one observed on the large-pore adsorbents. No adsorption
layers are formed in micro- and mesopores, and adsorption proceeds via a volume-filling mechanism [27].

In wastewater, non-ferrous metal ions are present as mixes; therefore, conjoint adsorption of copper,
nickel and cobalt ions was studied. The atomic adsorption spectroscopy applied to control the contents of metal
ions in equilibrium solutions during the sorption process had enabled exploring sorption of transition metal
ions when conjointly present in solutions and with the regard for mutual influence of ions on the sorption
process.

In Table 3 and Figure 1 the data on silica sorbents prepared by the postsynthetic modification (PSM) are
shown, the grafting density being different. The molar ratio of the support to the grafted groups varied in the
range 1:0 + 1:0.4. The grafting of DMHD groups by the HTS method resulted in a 20-fold reduction of the
initial surface area, and these samples were removed from experiment.

Table 3

The effect of pH and grafting density on the sorption capacity (E™) of non-ferrous metal ions
with silica sorbents obtained by the method of postsynthetic modification

Ratio SBET. £
pH . ] Co** NiZ Cu?
Si0/DMHD | w™g mmol-g! | pmol'm? | mmol-g’! | umol xm - | mmol-g"' | umol X m 2
1:0.05 950 3.80 4.00 0.61 0.64 0 0.00
08 1:0.10 390 1.15 2.95 0.92 2.36 3.99 10.23
’ 1:0.20 280 0.90 3.21 0.94 3.36 4.10 14.64
1:0.40 40 0.82 20.50 0.98 24.50 4.10 102.50
1:0.05 950 3.99 4.20 1.19 1.25 0.00 0.00
41 1:0.10 390 0.18 0.46 0.21 0.54 2.66 6.82
’ 1:0.20 280 0.18 0.64 0.27 0.96 2.74 9.78
1:0.40 40 0.21 5.25 0.39 9.75 2.63 65.75
1:0.05 950 5.26 5.53 1.68 1.77 4.41 4.64
103 1:0.01 390 0.00 0.00 0.11 0.28 3.64 9.33
1:0.20 280 0.00 0.00 0.13 0.46 3.70 13.21
1:0.40 40 0.00 0.00 0.13 3.25 3.71 92.75

A decrease in adsorption parameters observed in some cases (Table 3, Fig. 1 a—c) is primarily due to
structural changes of the sorbent upon modification. At the same time, the pore size increases significantly.
Hence, a pore-size dependent diffusion process is strongly affected by this structural change [27].

Functional groups are reactive enough to bind transition metal ions. So, the adsorption capacity value, or
adsorption onto MCM unit surface area, increases proportionally to the grafting density (Fig. 1 d—f).

Functionalization of the surface affects the pH range of extraction of metal cations, and separation of
metals in the case of joint presence is possible (Table 4).
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Figure 1. The effect of pH and density of grafting on the sorption capacity (£") of non-ferrous metal ions
with silica sorbents obtained by the method of postsynthetic modification
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Table 4

Effect of pH on the separation of non-ferrous metal cations (joint presence) on the initial MSM-41
and modified IM-DMHD (#250rb = 0.0200 g, Vask = 10 ml, # = 20 min, DMHD/SiO2= 0.05; 0.1; 0.2

pH 1.5 pH 5.0 pH 8.7
Tons D, pl'-m? E, mmol-m? D, pl'm 2 E, mmol-m? D, ul-m> E, mmol-m?
MCM-| PM- |MCM-| PM- |MCM-| PM- |MCM-| PM- |MCM-| PM- |MCM-| PM-
41 DMHD 41 DMHD 41 DMHD 41 DMHD 41 DMHD 41 DMHD
Co 55 130 0.37 0.8 11 109 0.08 0.7 19000 | 13380 39 4.8
Ni 553 610 3.90 5.0 537 369 7.9 5.5 5900 | 6000 7.4 9.3
B McM-41 10.1 48818.2 3.2
B pM-DMHD 47 34 22
Cu 0 50 0 0.4 28 0 0.23 0 107000 | 40700 4.5 59
Ni 760 930 4.5 59 581 750 4.1 5.4 2820 | 6710 6.5 9.4
B wcwar - 20.8 37.9
B pM-DMHD 20.1 _ 6.1
Cu 0 | 3420 ] 0 43 0 | 7940 | 0 47 |134000] 5490 | 48 51
Co 107 | 1040 | 067 | 7.1 | 115 | 190 | 067 | 2.6 | 434 | 2300 | 1.8 | 89
Ni 577 | 1400 | 41 | 3.7 | 364 | 780 | 3.10 | 55 | 1250 | 1390 | 57 | 7.1
2+ 2+
B mMcM-41 54 3.2 ((33131”//(13]?2" — f(())78
Cu?'/Co*" 33 Cu?*/Co?" 42 Cu?'/Co?" 2.4
B mo Cu®/Ni%* 2.4 Cu?*/NiZ* 10 Cu?*/Ni%* 3.9

As follows from the data obtained, the grafting of hydrazide groups onto silica surface considerably ex-
pands the pH range of copper extraction (Tables 3, 4, Fig. 1). The MCM-41 specimen modified with DMHD
groups maximally separates copper (II) ions from cobalt (II) and nickel (II) ions in neutral and alkaline media.
Ions of the Co(II)-Ni(II) pair can be separated in an alkaline medium. At neutral pH value, ions of the Ni(Il)—
Cu(Il) pair freely separate from one another as the mentioned pair is not adsorbed under these conditions.

The temperature effect on the sorption of metals by the modified silicas was studied at different pH values.

For PM-DGHD samples at low and medium pH values, the sorption capacity was found to be decreased
with the temperature rise. This fact indicates physical nature of adsorption.

With high pH values, when non-ferrous metal ions can possibly form complex compounds with DMHD-
groups [28, 29], the situation changes. The tangent angle of the In E vs.1/T (Fig. 2) dependence inverts its sign,
i.e. with increasing temperature, adsorption enhances. This becomes possible in case of a chemical reaction on
the surface.

nE"),EM,mmolm?

50 -

wd * .

4.0 _H___ﬁ_}fw—
1z

Cu{DMHD), pH=4
Cu(DMHD).pH=8
Cu{DMHD),pH=5

LR |

2.0

L5 ; ; ; . : i i
00027 00028 00029 00030 00031 00032 00033 00034

TxKL

Figure 2. The effect of pH on the temperature dependence of the sorption capacity
of the modified silica with respect to Cu?" cations
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A similar phenomenon was observed in the case of adsorption of cobalt cations on the surface of the
modified silica.
Only physical adsorption onto the initial sorbent surface takes place over the entire pH range studied

(Fig. 3).

M

475 1in EM [EM, mmol/m?]

4,70

©  HTS-DMHD

4,65 1 e MCM-41

4,55

4,50 . . . , , , ,
0,0027 0,0028 0,0029 0,0030 0,031 00032 0,033 0,0034

uT, K1

1 — MCM-41; 2 — HTS-DMHD; mgor, = 0.0200 g; Viask = 10 ml; £ =20 min; pH =28
Figure 3. Adsorption isotherm of Cu(Il) in neutral medium for sorbents:

Chemisorption and covalent bonding with surface functional groups can hinder desorption of metal cati-
ons into the solution in further operating cycles of modified sorbents. So, at the next step, the desorption of
copper ions from dimethyl hydrazide-functionalized MCM-41 was studied.

Desorption of copper cations from the MSM surface modified by DMHD impregnation was studied at
ambient conditions. Copper adsorption was carried out at pH = 8, as at this pH-value copper can be isolated
completely. On the contrary, desorption was carried out in an acidic medium, as, according to the data obtained,
under these conditions the values of adsorption parameters are significantly lower.

The maximal degree of copper cations’ desorption from the surface of sorbents equaled 98 % and was
observed at 2M concentration of the acid. In sulfuric acid at 1M concentration, 64 % of copper were desorbed.
To reduce concentration of the acid and to increase the degree of copper desorption, the process should be
conducted at an elevated temperature. The reason is that physical adsorption largely predominates under these
conditions, as is evinced by the adsorption heat values obtained by us.

Conclusions

In this work, structural and adsorptive properties of MCM-41 specimens as influenced upon by (a) mod-
ification of their surface with hydrazide groups, and (b) the modification method as well were studied.

Specific surface area of the adsorbent was shown to be significantly reduced after grafting of functional
groups. Impregnation method (IM) is more preferable for surface modification than the hydrothermal synthesis
(HTS), as in this case surface area reduction is less pronounced and, at the same time, the texture changes are
observed. This changes lead to a wider pH-range of extraction and separation of non-ferrous metal cations than
the one for the initial MSM.

A comprehensive study to choose the optimal conditions for adsorption and desorption of metal cations
(copper (1), nickel (1), cobalt (II)) on the MSM surface modified with chelating functional groups.

The work was performed on the state assignment number AAAA-A18—118032790022-7.
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29 Ilatent Ne 2472864 P®. Criocob 3KCTpaKIMU HOHOB MEAHU, HUKEs H(HIH) KoOabTa U3 clIabOKUCIIBIX M aMMHAYHBIX BOIHBIX
pactBopoB. Omy6:1. BU. 2013. Ne 2. Panymes A.B., baryesa T./I.

T.JI. baryeBa, H.b. Konapamiosa, M.I". lllep6ann

I'mapasuati pyHKUMOHAIABI TONTAPMEH MOAU(PUKANUATIAHFAH
Me30KeyeKTi KpeMHe3eM/iep Heridinaeri copoeHTTep

Kpemuesewm Herizinzeri keyeri MCM-41 Gonatbit, Versatic TpeT-KapOOH KbIIIKbUIAAPEI (PPAKLIUSICBIHBIH HETi-
3iHAEri THApPa3sHATI TONTapMeH MOIMGUKAIMIAHFAH COPOSHTTEp CHHTE3/ENIN aNbIHABL A30TTHIH TOMEHTI
TeMmIeparypaisl copOnuscel, peHTreHdasansik aHanmu3 (PDA), UK-cekTpoCKOMUsICHl KoHE CKaHEPIICHTIH
SIEKTPOHIBIK MUKPOCKOIIHS SAICTEPi apKbUIBI 3epPTTEIIHETIH KpeMHe3eM/li COPOSHTTEPAIH TeKCTYPaIbIK-KY-
PBUTBIMIIBIK KACHETTEPl aHBIKTAIIBL. AJICOPOIMSIBIK XKOHE AeCOPOIMSIIBIK OSTTepiHIH colikec Kemyi copOeHT
KYPBUIBIMBIHBIH PETTLIIriH Kepcereai. MonudukaropasiH 60Tybl MEHIIIKTI OCTTIK ayIaHbIHBIH KeMYyiHe oKe-
neni. Cynel epitinaineri mbic (II), nukens (II) sxone koGanbTThIH (II) copOumscer 3eprrenni. Cinuipy amici,
Typa CHHTe3 dJliciHe KaparaHjaa, MoAu(UKAMsIIaHFAaH KPEMHE3eMHIH aJcopOLMsUIbIK KaOlIeTTuliriH apTThl-
panpl, 6y 6actanksl MCM canbicThIpFanga TYCTI MeTaiaapabl Oenin amyasly pH auana3oHbIH KeHEHTyre
MYMKiHIIK Oepeni. TycTi MeTanmap KaTHOHAAPEIHBIH COPOLHACHH 3epTTey opTaHbH pH kepceTkimtine Gaiina-
HBICTBI KaTHOHApABI Oipre Hemece skekeneil Oemin amyra GosmateiHbH KepceTTi. Copbentrep mbic (II), Hu-
xensb (1I) nonmapei Memnmepiik Oemin amyna Koiganyra 6omaasl. Kpemuaesemai Herizain Moxudukanus amici
JKOHE MeTaIIap/bIH OipJIecKeH COpOLUSICH Ke3iHeri MOHOMEp KOHIIEHTPAIMSACHIHA PeareHTTepHiH COpOmus-
TBIK KaOiIeTTiNIriHIH Toyesainiri 3eprrenai. pH apTypii mamanapsiHaars! xkaHe oiapasiH MCM GeTtik Kaba-
TBIMEH 9CepiIecyi HOTIKEeCiHIe MO (DUKALMIIAHFAH KPEMHE3eM HET131H/Ie aJlbIHFaH MeTaJliap COpOLHsAChIHA
TeMIlepaTypaHbIH acepi aHbIKTanael. CopOeHTTIH OeTTiK KabaThIHIAFbl MBIC KATHOHIAPBIHBIH IECOPOLHSCH
AHBIKTAJIIBI.

Kinm coe30ep: Me30KeyeKTi KpeMHe3eM, MOTU(UIMKAINS, THIPA3HL, copOms, Versatic KbIIIKbUIIAPHI, TYCTI
MeTanaap, CIHAIPY dAICi, Typa CHHTE3.

T./. baryea, H.b. Konnpamosa, M.I'. lllepGanb

CopOeHTBI HA OCHOBE Me30MOPUCTHIX KPEeMHEe3eMOB,
MOAUGUIIUPOBAHHBIX THAPAZUIHBIMHY (PYHKIMOHAJIbHBIMH FPyNIaMu

CuHTe3upoBaHbl COPOSHTHI HA OCHOBE KPEMHE3EMOB CO CTPYKTYpoit nop MCM-41, MmoanduLpoBaHHbIe TH/I-
Pa3suIHBIMU IPYIIIAMH Ha OCHOBE (hpaKLii — TpeT-KapOOHOBBIX KUCIOT Versatic. MeTonaMu HU3KOTeMIIepa-
TypHOU copOuuu a3ota, peHrreHodasoporo aHaiuza (POA), UK-cnekrpockonueii 1 CKaHUPYIOLIEH AIEKTPOH-
HOU MHKPOCKOIINY OIPEIeNICHBI TEKCTYPHO-CTPYKTYPHBIE CBOMCTBA HCCIIEAYEMBIX KDEMHE3EMHBIX COPOSHTOB.
CosmnazieHue afncopOIMOHHON 1 1ecOpOIMOHHOM BeTBEH CBUAETEIBCTBYET O BHICOKOH CTENICHU YHOPSJOUCH-
HOCTH CTPYKTYypbI copOenTa. Hanmune moandukaTopa MpUBOAUT K YMEHBIICHHUIO 3HAYEHHUH yJEeIbHOHN ILIO-
mraau nosepxHocT. VcenenoBana copomust meau (1), auxens (1) u xko6ansta (II) 13 BOAHBEIX pacTBOPOB IO-
JyYeHHBIMH peareHTtaMu. MeToJ NMPONMUTKU YBEIWYUBAET aJCOPOLMOHHYIO CIIOCOOHOCTh MOAUGUIMPOBaH-
HOT'O KpeMHe3eMa B OOJibllell CTeNeH! MO CPaBHEHHIO C METOJOM IPSIMOI0 CHHTE3a, YTO MO3BOJIAET Cyllie-
CTBEHHO PAaCIIUPUTh Juana3oH pH u3BIeUeHNs U pa3aesieH!s LIBETHBIX METAJUIOB 110 CPABHEHHIO C MCXOAHBIM
MCM. Uzyuenne copOLMU KAaTUOHOB IBETHBIX METAJJIOB I0Ka3ajo, YTO, B 3aBUCUMOCTH OT 3Ha4deHus pH
Cpezsl, BO3MOKHBI KaK COBMECTHOE M3BJICUEHHE, TaK U OT/JeTIeHHe KaTHOHOB. COPOEHTHI MOTYT OBITH UCHOINb-
30BaHBI IJISI KOJIMYECTBEHHOTo oTAeneHus noHoB Menu (II) ot monos Hukens (I1I). Onpenenena 3aBUCEMOCTB
COpOIMOHHON CIIOCOOHOCTH PEareHTOB OT CIOC00a MOAUGMHKAIMN KPEMHE3EMHOM OCHOBBEI M KOHIIEHTPAIINN
MOHOMepa IPU COBMECTHOH copOIiy MeTawioB. OnpeeeHs! BIUSHIE TEMIIEpaTypsl Ha COPOIMIO METAJIOB
TIOTY9CHHBIMH MOIU(DUIIMPOBAHHBIMI KPEMHE3eMaMH TIPH pa3HBIX 3HadeHWsX pH u crmocob mx B3ammopeii-
cTBUsA ¢ noBepxHocThio MCM. M3yuena necopOryst KaTHOHOB ME/IU € IOBEPXHOCTH COPOCHTA.

Kniouesvie crosa: Me30NOpUCTHIN KpeMHe3eM, MOIU(GHULMKALH, THIPa3H, COPOLMs, KUCIOTHI Versatic, IBET-
HbIE€ METaJUIbI, METOJ] IPOIIUTKH, TIPAMOH CHHTE3.
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Attosecond nanotechnology: quantum dots of nanoelectromechanical systems
of Culn,Ga,_,S, compounds

In the paper the thermodynamic stability and variability of the internal energy of continuous substitution solid
solutions based on the Culn,Ga,_,S, chalcopyrite lattice (CIGS) in a state of the nanoelectromechanical sys-
tem (NEMS) are studied. These substances are the most effective materials for phototransformation process-
es. It is known that maximum efficiency reached using a photoconverter based on Culn,Ga,_,S, composition
amounted up to 21 %, while the same value for photoconverter based on silicon could reach only 15 %, which
underlines the relevance of studies of the subject compositions. The equilibrium bond lengths and binding en-
ergy values are presented. The change to the internal energy at different temperatures and the change to dis-
tribution functions of atoms over radial pairs in a stable system of nanolayers are shown. It was revealed that
changing of indium atoms concentration in the system causes non-linear relative changes to the parameters of
stable CIGS NEMS nanolayers. It was shown that given behavior is the consequence of a significant differ-
ence in both In—S and Ga—S bond lengths and binding energy values in the first coordination area of sulphur.

Keywords: radial pair distribution function, semiconductor, solar cells, nanoelectromechanical system,
graphs, Vegard's law.

Introduction

The production and use of semiconductor compounds with specific properties has become associated
with the further development of solid-state optoelectronics. In connection with this, at the end of the twenti-
eth century, interest in studying semiconductor materials with a chalcopyrite structure of type A'B’C’, began
to gain interest. Beginning in the second half of the twentieth century, after the publication of many publica-
tions about the prospects for the development of thin-film photocells based on A'B*CY, structures, the reality
of the practical use of these compounds became clear as an effective optical material. They became the sub-
ject of close attention of scientists and technologists.

Cu (In, Ga), S, (CIGS) and related materials were investigated for thin-film solar cells, since their high
absorption coefficient and adjustable band gap can achieve high conversion efficiency. Recently, several
groups have reported cell efficacy of over 20 % with alkaline treatment on the surface of CIGS [1-6].

This article describes the study of the stability of nanoelectromechanical systems (NEMS) of CIGS
structures conducted using the approximating quasiparticle density functional (calculating the NEMS energy
of atomic dimers (Table 1) and the method of steepest descent along the surface of a particle.

The study of the quantum relaxation kinetics of NEMS CIGS was carried out at the temperature of lig-
uid nitrogen (7 = 77 K) and normal conditions (7, =293 K). These temperatures are realized by the special
method of NEMS kinetics [7].

Table 1

Parameters of dimer bonds

Dimer Equilibrium bond energy Uy, | Equilibrium bond length Ry, | The frequency of ze:o oscillations @,
kJ/mol nm cm

In-S —293 0.23 359

Cu-S —-193 0.24 268

Ga-S —243 0.25 349

From the data obtained, it is clear that during the transition, from gallium to indium, the energy and
bond length increase, and the frequency of zero-point oscillations decreases.
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Computer modelling

For further experiment, we needed to build models of nanolayers CIGS. The parameters of the crystal
lattices, CulnS, and CuGaS, with the chalcopyrite structure (a = 5.5170, ¢ = 11.0600) were used for the con-
struction.

Thus, the models of semiconductor nanolayers CulnS, and CuGaS,, consisting of 6400 atoms of size
20%20%1 e. (221.2 nm x 110.34 nm X 5.170 nm). The image of the structures obtained (with enlarged frag-
ments) is shown in Figure 1. Figure 2 shows the link graph of these structures.

Figure 2. Coupled graphs of nanolayers with an enlarged fragment CulnS, (a), CuGaS, (b)

To obtain a complete picture of the correlation of internal energy and changes in the crystal lattice of
nanoelectromechanical structures, the use of the «CompNanoTech» [6] software package is required, which
uses the parameters of atomic couple bonds obtained by the nonlocal density functional method. This pack-
age is used to optimize the geometry of the nanofilm during the pulse action at different temperatures [7].

As a result of a computer experiment at 7, = 0 K, optimized CIGS nanolayer structures (Culn,Ga;_,S;)
were obtained. The values of the energies of nanolayers obtained in the experiment are presented in Table 2
and in Figure 3.

Table 2

The total NEMS bond energies of variable composition Culn,Ga,.,S,

Nanolayer composition Nanolla:.%l;zrr1 :):lnerg}’,
CuGas$, 238
Culn,.Ga, S, 546
Culn, /Ga, S, 550
CuInO 75Gao 2582 -258
CulnS, 266
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d — Culng 5Gay 5S,; e — Culng 75Gag5S,; f— CulnS,

R, al
a — CuGaS; in the initial state; b — CuGaS,; ¢ — Culng,5Gag 75S,;
Figure 3. Radial pair distribution functions of atoms
Figures show 3 b—f, a peak that corresponds to the distribution of copper atoms at distances of 5.2-5.3
a0 with an intensity of 2.4, as can be seen from the figures, there is a consistent change in peaks, namely:
a decrease in the peak of Ga at distances of 3.7-3.8 a0, the peak decreases in values from 2.6 to 0 with in-
creasing In concentration from 0 to 100 %, and, accordingly, the growth of In peak in the range 5.8-6.0 a0

from 0 to 2.2 when the concentration of Ga drops to 0 %.
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It follows from the analysis that when the In concentration in the system changes over the B* sublattice
from O to 1, a monotonous, quasilinear change in the first coordination sphere occurs, and a decrease in the
peaks in the second and third coordination spheres is observed.

Since the NEMS energy of a nanolayer is determined by the radial distribution function of atoms in the
system, and the first coordination sphere has the largest contribution to the energy of the nanolayer, a
quasilinear dependence of the nanolayer energy on the concentration x occurs (Fig. 4), which shows the
Vegard law when the NEMS composition changes.

x, In

E, kJ/mol

270

Figure 4. Concentration dependence of the energy of Culn,Ga,_,S, semiconductor nanolayers at 7, =0 K

According to the results of computer simulation using quantum nanokinetics at two temperatures:
T'=77K and T, =298 K, optimized structures of nanolayers of variable composition Culn,Ga;_S, were
obtained, and kinetic curves (Fig. 5) of the system energy change during relaxation were constructed highly
nonequilibrium semiconductor NEMSs of nanolayers of variable composition Culn,Ga,_,S,.

E. kJ/mol

3000

37500 -
Figure 5. An example of a kinetic curve for the relaxation of CuGaS, systems

The results of a computer experiment to study the kinetics of relaxation and finite stability of the stud-
ied nanolayers, obtained from the kinetic curves constructed for all the Culn,Ga;_.S, systems under study in
the framework of the electromechanical model, are presented in Table 3.
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Table 3

Indicators of femtosecond processing of nanolayers of variable composition Culn,Ga,_S,
and at different temperatures

Nanolayer Femtosecond Processing Indicators

composition Ey, Eo, t77, A7, Engs, f298, A5
kJ/mol kJ/mol ps kJ/mol kJ/mol ps kJ/mol

CulnS, -416 415 0.12 0.91 414 0.09 3.60
Culng 55Gag 055, -404 -403 0.77 0.85 -402 0.11 3.333

Culn, sGa, 5S, -392 -391 0.55 0.84 -390 0.28 3.37

Culn,,.Ga, .S, -386 —385 0.70 0.79 -383 0.20 3.31

CuGaS, -373 —372 0.44 0.79 -371 0.12 3.22

According to the Table 3 we can draw the following conclusions: for semiconductor nanostructures,
femtosecond relaxation from the activated state at 7, = 0 K leads to the state with the greatest stability, with
an exact lower energy limit, with low amplitude atomic.

The time interval of the output of an activated nano-layer on a «plateau» depends on temperature, and
the evolution of nanolayers in a non-equilibrium state achieves relaxation over different times.

According to the results of computer simulation using the quantum NEMS kinetics at two temperatures
T,=77 K and T, =298 K, radial distribution functions of atoms in the NEMS were constructed for
nanolayers of continuous solid solutions of variable composition Culn,Ga;_.S,.

Conclusions

1. The formation of continuous substitution solid solutions on the B’ sublattice of compounds of the
composition Culn,Ga,_,S,, as a whole, obeys the Vegard law. Deviations from Vegard's law are due to trans-
formations of the second and third coordination sphere of nanolayers with changes in indium concentration.

2. In Culn,Ga,_,S, systems, at indium concentrations x < 0.38, a stabilizing nonlinear contribution is ob-
served, and for x > (.38, a non-linear, destabilizing positive energy contribution is observed.

3. Under cryogenic (T = 77 K) and standard (7 = 298 K) conditions, the order of the coordination
spheres above the first one collapses more with increasing temperature. As the relaxation temperature rises
from cryogenic (7= 77 K) to standard (7= 298 K) conditions, the average energy of NEMS at all concentra-
tions decreases by 1 kJ/mol, and quantum fluctuations increase from 0.64 kJ/mol to 3.06 kJ/mol.
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ATToCceKyHATHI HAaHOTeXHOJorusiap: Culn,Ga,_,S; KOCBHLIBICHIHBIH
HAHOJJIEKTPMEXAHUKAJIBIK KyHeJIepiHiH KBAHTTBIK HYKTeJepi

Makamaga  xampkommputr  Culn,Ga, S, (CIGS) Topsl  Heri3iHzmeri  KaTTBl  epIiTIHAUIEPHIH
HaHOAJIeKTpMeXaHuKabIK kyiie (HOMIXK) kyiiingeri TepMOANHAMUKAIIBIK TYPAKThUIBIFGI MEH 1IIKI HEPTHst
e3repici 3eprrengi. bepinreH 3arrtap KyaTThUIBIFBI JKOFapbl (POTOTYPICHAIPTINI jkacayia THIMAI OOJIBII
ecentengi. CulnGa,,S, Kypamuasl (GOTOTYpieHAIprimTiH MakcuMmanabl Tvimuaimiri 21 % kepcerti, an
KpeMHHMIl Herizinzeri eH akchl (OTOTYpJICHAIprilTiH Kepcerkimi 15 % rana Kypaiigel, Oyn Oepiiren
KypaMJIarbl 3epTTeYiH ©3eKTUIIriH KepceTeni. 3epTTey KYMBICHIH/A IIIKI 3HEpTUsl KOPCeTKIITepi, HOJIIK
TepOertic, KUK, Tele-TeHIIK OailaHbIC Y3BIHABIKTAPBIHBIH IIamManapsl OepiareH. OpTypil TeMmeparypa
Ke31HJIeT1 1IIKi SHeprus KOpPCeTKINITepiHiH e3repici )koHe HAaHOKa0aTTap IbIH TYPAKThI XKYHeCIHAeTi paauaisl
Oy OoibIHIIA aTOMTApIBIH Tapalry QYHKOUSICHIHBIH e3repici kepcerinmren. CIGS HOMX Typakrs
HaHOKA0aTTaphl MapaMeTpiepiHiH KaThICTHI e3repici KyHemeri MHAWN aTOMAAPHIHBIH KOHIEHTPAIMsICHIHA
CBI3BIKTBI €MeC TAyel/i eKeH.Irl aHblKTaiasl. bynnmait xarmail In—S xone Ga—S HOMIK sHepruscsl MeH
GaiiiaHbIC Y3bIHABIKTAPBI IaMaJIapbIHBIH albIPMALIBUIBIFbIHAH OOJIATBIHBIFBI KOPCETLII.

Kinm ce3dep: tapanynsly paguanibl 0y GYHKUIMSCHL, KapThUIAWOTKI3rilI, KYH OaTapesuiapbl, HAaHOIIEKTPO-
MeXaHHKaIBIK XKylenep, rpadanap, Berapa epexeci.

H.A. Bonkos, FO.B. Tepentnena, C.A. be3Hocrok

ATTOCEKYH/IHbIE HAHOTEXHOJIOTHHM: KBAHTOBbIE TOUYKH
HAaHOJJIEKTPpOMeXxaHuveckux cucreM coequnenuii Culn,Ga,_,S;

B craTtbe u3ydeHsl TepMOAMHAMHUYECKAs! CTAOMIBHOCTh M U3MEHUMBOCTh BHYTPEHHEIH 3HEPTUH TBEPABIX pac-
TBOPOB HEIMPEPHIBHOTO 3aMELICHUs] Ha OCHOBe perreTku xaiabkonuputa Culn,Ga, S, (CIGS) B cocTosHMn
HaHoanekTpomexanndeckoit cuctembl (HOMC). [lanubie BeuiecTBa Haubosee 3P(EeKTHBHBI Uil CO3MaHUS
¢doronpeodpasoBaTeneil MakCUMaNbHO MOIIHOCTH. MakcuMainbHas 3P GeKTHBHOCTH (oTonpeodpasoBarTest
Ha ocHoBe coctaBa Culn,Ga;_S, Opi1a mocturayta 10 21 %, B To BpeMs Kak Jiydmuii ¢poTonpeodpa3oBaTess
Ha OCHOBE KPEMHHS MOT JIOCTHUraTh TOJBKO 15 %, 9TO MOAYEepKHUBAET aKTyaJbHOCTh HCCIECJOBAHUS JAaHHOTO
cocraBa. B xome paboTHI mpe/cTaBiIeHb! 3HAYCHUS BHYTPEHHEH SHEPTUM, YaCTOTHI HYJIEBBIX KoyeOaHMI 1
JUIMHBl paBHOBECHOH cBs3M. Iloka3aHBl M3MEHEHMs BHYTPEHHEH SHEPIUM NP pPa3HBIX TeMIepaTypax U
¢byHKUMT pacnpeeseHns aTOMOB 110 PaHallbHBIM IapaM B YCTOWYHMBOW CHCTEME HAHOCJIOEB. BhIsBICHO, YTO
OTHOCHUTEBHOE U3MEHEeHHE apamMeTpoB cTabmibHbIX HaHOCn0eB HOMC CIGS HenuHeHHO 3aBHCUT OT KOH-
LEHTpaLuK aTOMOB UHIMA B cucTeMe. [loka3aHo, UTo Takoe MOBEJEHHE SBISETCS CIEACTBUEM CYIECTBEHHO-
ro paznuuus B sHeprun u anune csazeit HOMC In—S u Ga—S B nepBoii koopAnHaLMOHHOH cepe aToMOB ce-

pBI.

Knoueswvie cnosa: paauajibHas mnapHast (1)yHKHI/I$[ pacnpeaeiiCHus1, MOJIYIIPOBOAHUK, COJIHEYHBIC 6aTapeI/I, Ha-
HOJJICKTPOMEXaHNYICCKasl CUCTEMA, rpa(i)m, 1IpaBUIIo Berap;[a.
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Modification of carbon containing electrodes
by aryldiazonium iodate salts for electroanalysis

In the work the method of spontaneous chemical modification of a glassy carbon electrode (GCE) with aryl
diazonium iodate salts was studied. The adsorption of modifier from the solution was applied for GCE modifi-
cation. The modification effectiveness assessment was performed for different modifiers under the conditions
of modifier concentration varying and the time of electrode keeping in the solution. The cyclic voltammograms
of the reversible pair [Fe(CN)s]*/* were recorded in the background KC1 0.5 M electrolyte. Modifier surface
layers form spontaneously without the application of potentials. The control of thickness and the conductive
characteristics of the modified electrode were performed by the adjusting of concentration and the keeping time
of the electrode in modifier solution. It has been established that the oxidation and reduction currents of
[Fe(CN)s]>"* are maximum for the 4-carboxybenzodiazonium iodate modifier of GCE with a concentration of
10 mg-1-" when the time of keeping the electrode in its solution is for 5 seconds. The increasing of the reversible
pair [Fe(CN)s]*>7* current in the indicated conditions after the modification of 4-carboxybenzodiazonium io-
date is associated with an increase in the area of the electroactive electrode surface, by almost 2.5 times. The
study of the morphology of the electrode surface of the GCE by the method of scanning electrode microscopy
confirmed the presence of a polylayer modifier with a carboxy substituent on the surfaces of a glassy carbon
electrode. To confirm the presence of organic functional groups of the 4-carboxybenzodiazonium iodate mod-
ifier on the surfaces of the GCE, the reflection spectra of the electrode surfaces were obtained by IR spectros-
copy. The method of modifying the GCE with iodate salts of aryldiazonium is simple, rapid, has low costs, and
can be used to increase the sensitivity of determining a number of analytes in electroanalyses.

Keywords: aromatic diazonium salts, modifiers, glassy carbon electrode, cyclic voltammetry, IR spectroscopy,
SEM (scanning electron microscopy), potassium ferrocyanide, spontaneous formation of modifier layer.

Introduction

The search for novel electrode materials and surface modifiers, which provide the necessary level of
analytical and metrological characteristics, is on cutting edge of electroanalytical chemistry. One of such ma-
terials are the aromatic salts of diazonium (ASD), because as a result, materials with desired properties are
formed, which are used in various fields of activity (medicine, analytical chemistry, polymer chemistry, bio-
chemistry, etc.) [1-9].

Therefore, ASD are promising electrode modifiers for electroanalysis [9]. As a result of the modification,
new electrode materials are used both for the electrochemical biosensors formation, where the ASD serves as
a linker [10], and as organo-modified electrodes for the quantitative determination of biologically active sub-
stances in different objects [11, 12].

Currently, there are two fundamental approaches to modifying the ASD electrode surfaces: the adsorption
method with the formation of weak physical bonds [13—17] and the method of strong covalent bond formation
between the surface and the organic molecule [18-21], which simplifies the control of modification process
and provides the higher selectivity of further surface transformations of functional groups [22, 23]. It is known
that the implementation of the second modification method is carried out using two approaches: the electro-
chemical modification [24] and the chemical or spontaneous modification [25].

Electrochemical reduction of ASD [26] is an attractive method that was implemented for carbon electrode
materials [27]. However, the issue of controlling the thickness of an organic modifier layer while maintaining
the conductive properties is controversial, since in most cases, electrochemical modification results in the rapid
formation of ASD multilayer, which reduce the activity of the electrode surface. The electrographing mecha-
nism of diazonium salts is well known and detailed described in the work [28]. The mechanism involves the
generation of aryl radicals, followed by the binding of these radicals to the surface via carbon-carbon
bonds [29].

There is a number of works concerned with the spontaneous modification of carbon-containing elec-
trodes. The authors note the simplicity of the spontaneous method of modifying carbon-containing electrodes
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with obtaining thinner and conductive mono [28] or poly [30] layers of ASD modifiers. Generally, the proce-
dure for modifying the electrodes of an ASD consists of simply immersing the electrode for a certain time in
the solutions of the ASD. However, the issue of controlling the thickness of the modifier layer depending on
the concentration of the modifier and the time the electrode is kept in the appropriate solution remains contro-
versial.

In the work, the electrochemical properties of GCE when modifying aryldiazonium iodate salts with dif-
ferent functional groups are studied. For the selection of optimal conditions for the spontaneous chemical
modification of the GCE, a series of concentrations of 10, 30, 60 mg-1"! and a holding time of 2, 5, 10, 30, 60,
120 seconds were chosen. In order to assess the optimal conditions for modifying the GCE in various modifi-
ers, under conditions of varying their concentration and time of maintaining the GCE, cyclic voltammograms
of the reversible pair [Fe(CN)s]>"* were recorded in a background KCl electrolyte of 0.5 M. on the electrically
conductive properties of the electrode surface of the GCE. With respect to each modifier, the conditions for
spontaneous chemical modification, such as time and concentration, are different. To characterize the surfaces
of the electrodes before and after modification, the methods of scanning electron microscopy and IR spectros-
copy were used.

Experimental

The following iodate salts of aryldiazonium were chosen as modifiers of the electrode surfaces of the
GCE: [HOOCC¢HsN,]IO3, [NCCgH4N:]103, [O2NCsHaN2]103,  [CsHsN2]J103,  [H33Ci6CsHaN2]1O3,
[HsCsN2CsH4N2]103. Their structures are depicted in Figure 1. All reagents were of analytical grade. The water
was obtained by water purification system Milli-Q Direct; water resistivity was 18.2 MQ cm. Silver chloride
electrodes were used as auxiliary electrode and reference electrode.

To select the optimal conditions for the spontaneous modification of GCE with aryldiazonium iodate
salts, the concentration of the modifier (mg-1"!) and the time of aging of the GCE in the solutions of the corre-
sponding modifiers (sec) were varied. The working concentrations of diazonium salt solutions for modification
were 10, 30, 60 mg-1"!. The holdup time of GCE in the solutions of the modifiers was 2, 5, 10, 30, 60, 120
seconds. To evaluate the reversibility of electrode processes on the GCE, cyclic voltammograms of hexacy-
anoferrate salts [Fe(CN)s]*>”* of concentration 0.25 M (background 0.5 M KC1) were recorded before and after
chemical modification.

N?IO? (A) R = —COOH A — ft-carboxybe?nzod?azonium iodate;
(B)R = —H B — iodate aryldiazonium;
C — 4-cyanobenzodiazonium iodate;
(C)R=—CN D — 4-hexadecylbenzodiazonium iodate;
(D) R=—CqgHy5 E — 4-nitrobenzodiazonium iodate;
(E) R=-NO, F — 4-(phenyldiazenyl)benzodiazonium iodate

R (F)R= —NEN©

Figure 1. Structural formulas of aryldiazonium salts

A universal electrochemical workstation TA-2 (Tomanalyt, Tomsk, Russian Federation) with a three
electrode cell was used. Silver chloride electrodes and glassy carbon electrodes for modification were pur-
chased from LLC Tomanalyt (Tomsk, Russian Federation). Investigations of the cutoffs of the electrode were
carried out using a scanning (raster) electron microscope JEOL JSM-7500FA. To confirm the presence of
organic functional groups on the glassy carbon electrode surface, IR reflection spectra were obtained. The
investigations were carried out using the Cary 660 IR spectrometer (manufactured by Agilent).

Results and Discussion

To assess the effectiveness of modifying GCE with different modifiers under the conditions of changing
the concentration of the modifier and the time of aging of the GCE, the value of A/ (%) was calculated:
Al M -100,
0

where Iy is current of [Fe(CN)g]* 7 without modifier; /; is current of [Fe(CN)¢]*7* after aging in the solution
of the modifier.
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In the course of the study (Fig. 2), it was established that the oxidation and reduction currents of
[Fe(CN)g]* 7 are maximal for 4-carboxybenzodiazonium iodate of the GCE modifier at the time of holding
the electrode in its solution for 5 seconds and the modifier concentration 10 mg:1"' (Al = 230 % cathode scan

and A/ = 185 % anode scan).

235
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B C16H33
85 NO2
Ar
35
-15
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35 I
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A — cathode currents; B — anode currents. The background electrolyte is KC1 0.5 M;
scan rate 80 mV-s~!; concentration 10 mg-1~!

Figure 2. Dependence of the change in the currents of [Fe(CN)s]> 7+ (AL, %)
on the time of aging of GCE in the solution of the aryl diazonium iodate salts modifiers

To prove the presence of 4-carboxybenzodiazonium iodate on the surface of the GCE, microscopes of
the surfaces of the electrodes were taken before and after the modification by scanning electron micros-
copy (Fig. 3).

The first sample is the surface of pure GCE, before the reversible [Fe(CN)g]*7* pair is added to the cell.
On the sample surface, selective microporosity is observed (Fig. 3A). The pore size does not exceed 10 um.
On the surface there is a slight contamination with an extraneous phase, which has the form of globular parti-
cles. Presumably, this phase is a particle of salt, which is part of the background electrolyte. The second sample
is the surface of the GCE after introducing a reversible [Fe(CN)s]*** pair into the cell.
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A — GCE without a modifier; B — GCE after the addition of the reversible [Fe(CN)s]*>7* pair to the cell;
C — GCE after modification of the solution of the 4-carboxybenzodiazonium iodate modifier (10 mg-1"") for 5 sec

Figure 3. Scanning electron microscopy of GCE surfaces and corresponding cyclic voltamograms

On a microscopic photograph, [Fe(CN)s]*”* aggregates are observed on the surface of the electrode,
covering the micropores of glassy carbon. Areas with inclusions of a spherical shape are observed (Fig. 3B).
Presumably, this phase corresponds to iron-containing hexacyanoferrate. The third sample is the surface of the
GCE after modification of 4-carboxybenzodiazonium iodate (10 mg-1"! for 5 seconds).

On a microscopic image (Fig. 3C), laminated aggregates of irregular shape are observed confirming the
flow of adsorption on the surface of the electrode substrate, which proves the fact of the chemical reaction on
the GCE surface between the carbon and the diazonium modifier. It is obvious that a covalent modification of
the GCE is possible without imposing a potential in a very short period of time. In addition, after the
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modification, the current-conducting properties of the SEM are increased due to an increase in the currents of
the reversible [Fe(CN)s]*”* pair at the potentials of 0.15 V and 0.35 V under the optimum modification con-
ditions.

From the cyclic voltammograms of the reversible pair [Fe(CN)s , the electroactive surface areas of
the electrodes were calculated before modification and after according to the Randles-Shevchik equation (Ta-
ble):

]3—/4—

Ip =+2.69%x10° 22 4D"?Ccw'?,

Ip — peak current, A; z — the number of electrons (n = 1); 4 — the area of the electroactive surface, cm?;
D — the diffusion coefficient (7.60x107° cm?/s); C — concentration [Fe(CN)s]*"* in solution (1-10-M).

Table

Areas of the electroactive surface of the GCE (cm?) before modification and after modification

Square electroactive surface Square electroactive surface
of the GCE before modification, cm? of the GCE after modification, cm?
0.00452 0.01054

As a result of modifying the GCE using the spontaneous chemical modification method with a carboxy
substituent (modifier concentration 10 mg-1!, aging time 5 seconds), the area of the electroactive surface in-
creases almost 2.5 times, which leads to an increase in the cathodic and anodic currents of the reversible
[Fe(CN)s]*”* with respect to the unmodified surface of the GCE.

To further confirm the presence of organic functional groups on the GCE surface, IR reflection spec-
tra (Fig. 4) were obtained: 1) 4-carboxybenzodiazonium iodate modifier with a concentration of 10 mg-1™';
2) the initial surface of the GCE; 3) the surface of the glassy carbon electrode after modification. The absorp-
tion bands at 3659, 1685, 1590, 1710, 878 cm™!, corresponding to the carboxyl group and the phenyl nucleus
are observed in the spectrum.

86
84

80
78
76 1
74
72

Reflection

3500 3000 2500 2000 1500 1000
v, em™?!

1 — modifier4-carboxybenzodiazonium iodate (¢ = 10 mg-1""); 2 — the initial surface of the GCE;
3 — surface of the glassy carbon electrode after modification.

Figure 4. The transmission spectrum of the IR surface of the GCE
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If the balance between the concentration of the modifier and the modification time with respect to each
modifier is not observed, blocking of the conductive surfaces of the GCE and reduction of the cathodic and
anodic currents [Fe(CN)g]>"* is observed.

The phenomena of uncontrolled growth of polylayer modifiers on carbon-containing electrodes, leading
to blocking of conductive surfaces after the application of potentials, are described in the literature [28, 29].

Moreover, the mechanism of the formation of different structures of polylayer modifiers is not fully un-
derstood. We noted that the growth of modifier polylayers occurs without the application of potentials under
conditions of spontaneous adsorption.

Controlling the thickness and, accordingly, the conductive characteristics of the GCE is possible by ad-
justing the concentration and the holding time of the electrodes with respect to modifiers of different nature,
which is confirmed by the data in Figure 2.

For different nature modifiers having a concentration of 10 mgl1!, modification time was:
[HOOCCsHsN2]103 — 5 seconds, [NCCe¢HsN2JIO; — 60 seconds, [O.NCsHsN>]IO; — 60 seconds,
[CéHsN2]103 — 5 seconds, [H33C16C6H4N2]10; — 120 seconds, [H4Cs N2CsHaN2J103 — 120 seconds.

Conclusions

Thus, it has been established that [HOOCCsH4N:]1O; is used as an electrode modifier for the GEC. The
optimal modification conditions are a concentration of 10 mg-1!, a holding time of 5 seconds. As a result of
the modification of a GCE using the method of spontaneous chemical modification with salts of an ASD with
a carboxy substituent, the area of the electroactive surface increases almost 2.5 times. The presence of organic
functional groups of the 4-carboxybenzodiazonium iodate modifier on the surfaces of the GCE has been con-
firmed by SEM IR spectroscopy. Controlling the thickness and, accordingly, the conductive characteristics of
the GCE is possible, by adjusting the concentration and the holding time of the electrodes with respect to
modifiers of different nature. The method of modifying the GCE with iodate salts of aryldiazonium is simple,
rapid, economical, and can be used to increase the sensitivity of the determination of a number of analytes in
electroanalysis.
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A.O. I'ycap, E.B. Hopoxko, K.B. JIépuna, E.1. KopoTkoBa

KemipTekKkypamabl 3J1eKTPOATAPAbI APUIAHAZOHUINAIH HOATHI TY31aPbl
apPKbLIbI 2JIEKTPTANAAY YIIIH MoaupuKanusaiay

Makanaza mbHbIKkeMipTeKTi anekTpoATs! (LLIIKD) apunana3onuiiniy HOATH TY3AapbIMEH XUMHUSUTBIK MO (DU-
xarusinay omici 3eprrensi. IIIKD moandukanusnay coiikec Ty3mapbIHBIH epiTiHAUIEpiHEH agcopOnusiay ap-
kputbl kyprizimmi. HIKD momudukanusimayaslH THIMAUITIH Oaranay YIIH opTYpii MoAn(HKaTOpIapMeH
oJapIbIH KOHIeHTpanusuiapsl xoHe 1IIKD ycray yaxsITe e3repyi xarnainapsiaga, KCl 0.5 M ¢onzsr smex-
tpomutinge [Fe(CN)s]*/* KaWThIMIBI KYNTHIH UKITI BOJIBTAMIIEPOTPAMMANIAPHI Ka3bLLIBL. Moaupukatop-
JapAbIH MOJUKA0ATTapbIHBIH 6CY1 CIIOHTAH bl acopOLNs KaFAainapblHa NOTEHIHAIAAPbIHBIH Ka0aTTacybl-
cb13 xkypeni. LIIIKD KanbIHABIFBIH KoHE COWKECIHILE TOK OTKI3ETiH CHIIaTTaMaIapbiM 0acKapy KOHLIEHTPALHsI-
JapbIH PETTeY XoHe TaburaThl OpTYpPJl MoAU(UKaTOpIapFa KAaTBICThI EKTPOATAP/IbIH YCTALY YaKbITbIH PeT-
Tey apkpuibl Mymkid Gonaasl. [Fe(CN)s]>”* TOTbIFy oHE TOTBHIKCHI3NAHY TOKTaphl 4-KapGOKCHOEH30/11a-
30onuyM Hoparsl [ITKD mMoxubukarops! yiiliH OHbIH KOHIEHTpauuscel 10 mr-r! skoHe OHBI epiTiHaige ycray
YaKBITHI 5 ¢ GOJIFaH/[a MAKCUMAITBI OONIATHIHEI aHBIKTANBL Kaifreivast sxynteiH [Fe(CN)s]*7# TokTaps! apt-
KaHJa KOpCeTLIreH xaraailnapaa 4-kapOoKcHOCH30AMa30HIYM HONATHIHBIH MOAU(UKALMSNIAHYbIHAH KEeHiH
yAaiibl 3IEKTPOATHIH deKTpOerncenni OeTiHiH aymarsl 2,5 ecere neiiH apTysiMeH OaitmanbicTel. LIIKD anex-
TpoaThl 6eTiHIH MOP(OJIOTUSICHIH CKAHEPJICHTIH CIIOHTAH/IbI MUKPOCKOIIHUSL 9/[ICIMEH 3epTTeY LIBIHBIKOMIPTEK-
TiK 3J1eKTpo] OeTTepinie KapOOKCHOpBIHOACYIIBICH Oap MoaU(UKaTOPAbIH MonuKabaTTapsl 6ap eKeHiH 1o-
nenneni. OpraHukaiblK (yHKIHMOHAIIB! TONTAPbIHBIH 4-KapOOKCHOSH301Ma30HUYM Homar MoaudUKaTOpbI-
HBIH KypambIHaa 6oiysiH ganengey yuin KD oerrepinge UK-criekTpockonust saiciMeH JIeKTpOATH OeTTe-
piHIH HIAaFbUIBICY criekTpiepi kaspuipl. [IIKD apunamazonuiinin HOaTTHl Ty34apbIMEH MOAWGHKAIUSIIAY
auici KapanaibiM, YHEM/II )KOHE JICKTPTAIAay1a aHATUTTEP KaTapbIH aHBIKTAy Ce3IMTaJIIBIFBIH apPTTHIPY YILIiH
KOJIIAHBUTY bl MYMKIH.

Kinm coe30ep: nna3oHMIIIH apoOMaTThl TY34apbl, MOAU(UKATOPIIAP, MBIHEIKOMIPTEKTIK IEKTPOATAp, UK
Bosbramnepomerpust, MK-cnekrpockomnust, COM (CkaHEepJeHTiH NEKTPOH/bI MUKPOCKOIIHS), KaJHHIiH TeK-
cauuaHoepparbl.
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Moauduxkauus yriepoacoaepKammux 3JeKTPOA0B
MOCPEeACTBOM HOAMCTHIX COJICH apWIIHA30HUS IJIS JJIEKTPOAHAIU3A

B crarbe u3ydeH crnocob CIIOHTaHHOI XUMHYECKOH MOU(BHKALNK CTEKIOYyrIepogHoro aekTposa (CYD) io-
JaTHBIMU coyisiMu apuinazonusi. Moaudukanus CYD npoBoauiack ajacopOiuei u3 pacTBopa COOTBETCTBY-
fomux costeit. JInst ouenku a¢dexrruBHOCTH Mo uuupoBanus CYD pa3HbIMH MOAN(PHUKATOPAMHU B YCIIOBHSX
U3MEHEHUs X KOHIEHTPALUU U BpeMeHH BbliepikuBanus CYD ObUIH 3amycaHbl LIUKIMYECKUE BOJIBTAMIIEPO-
rpammel o6patumoit napsl [Fe(CN)s]*#* B dporosom snekrponure KCI 0.5 M. Poct nonucnoes moaudukaro-
POB IPOMCXOUT O€3 HAJIOXKEHHS! TOTCHIIMAIOB B YCIOBHUSAX CIIOHTAHHOH afcopOuuy. YpaBieHHue TONIIHHOIM
U COOTBETCTBEHHO TOKOMPOBOAALIMMHU XapakTepucTukamMu CYD BO3ZMOXHO IMyTeM peryIupOBaHHUs KOHLICH-
TpALMK U BPEMEHH BBIICP)KHBAHUSI SJIEKTPO/IOB B OTHOLIEHUH PAa3HBIX 110 MPUPOJIE MOAU(PHUKATOPOB. Y CTaHOB-
JIEHO, YTO TOKW OKHUCIEHHs U BoccraHoBieHus [Fe(CN)s]*”* makcumanbHel mis mMoaudukaropa 4-kap-
GokcubenzonuazonuyM ioxara CYD ¢ konuenrpanueii 10 Mrr'npu BpeMeHH BbIIEPKUBAHKS SJIEKTPOJIA B
€ro pacTBOpE B TeueHHue 5 ¢. YBenuuenue Tokos obparumoii napbl [Fe(CN)s]*7+ B yKa3aHHBIX YCIOBHAX I1OCIIE
Mozudukarmy 4-kapOokcHOEH30/1Ma30HUYM Ho/laTa CBA3aHO C YBEIMUYCHUEM IUIOIIAN NIEKTPOAKTUBHOI HO-
BEPXHOCTH JIEKTpoAa Moyt B 2,5 pasa. UccnenoBanust Mopdooruu aekTpoaHoit noBepxHoctd CYD mero-
JIOM CKaHMPYIOIIEH 3JIEKTPOAHOH MMKPOCKONMM IHOATBEPIMIN HAJIMYUe IOJMCIOSN Moaudukaropa ¢ Kap-
OOKCH3aMeCTHTEIEM Ha IOBEPXHOCTSIX CTEKJIOYIJIEPOIHOTO dJeKTposa. [t NOATBEp)KACHUS HAJIMYUsl Opra-
HHYECKUX (YHKLUHMOHAJBHBIX rpymn Monupukaropa 4-kapOOKCHOCH301Ma30HUYM HoJaTa Ha IIOBEPXHOCTSIX
CVY3 nosy4eHs! CIIEKTPbI OTPAXKEHHS dJIEKTPOIHBIX moBepxHocTeil MerogoM MK criekrpockomnuu. Criocob Mo-
mudukanun CYD HOOaTHBIMU COJISIMU apHJIMA30HUS IPOCT, SKOHOMHUYEH U MOXKET OBITh MCIIOJIB30BaH IS
YBEJIMYEHHS 1yBCTBUTEIBHOCTH ONPEENICHUS Ps/la aHAIIMTOB B ICKTPOAHAIH3E.

Kniouesvie crosa: apoMaTnueckue COJM JUA30HUS, MOAU(PUKATODPBI, CTEKIOYTJICPOIHBIE SIEKTPOJIbI, LIUKIH-
yeckas Boabramnepomerpus, UK-cnekrpockonus, COM (ckaHupyromas 371eKTpoHHash MUKPOCKOIHS ), FeKca-
nuaHodeppar Kajus.
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Synthesis, X-ray and quantum-chemical investigations of double tellurites of holmium

Complex oxide phases, namely new double tellurites of holmium with the composition HoMe"TeOa.s (where
Me!' — Sr, Ba) were synthesized with the ceramic technology from Ho(II), Te(IV) oxides and carbonates
SrCO3s, BaCO;3 in the range of 800-1200 °C. For the first time the structure of tellurites was investigated by
X-ray phase analysis. X-ray phase analysis was performed on the DRON-2.0 device. The intensity of the dif-
fraction peaks was estimated on a stable scale. Radiographs of the synthesized powders were indicated by the
homology method. The type of syngony, unit cell parameters, radiographic and pycnometric tellurite densities
were determined. HoSrTeOuas: a = 14.50; b = 14.05; ¢ = 9.04A; procat. = 3.73; Ppyen. = 3.59 £ 0.04 g/cm’;
HoBaTeO4s: a = 12.10; b = 5.49; ¢ = 11.49A; proent. = 4.07; ppyen. = 3.93 £ 0.06 g/cm?. The correctness of the
results of indexing radiographs of tellurites is confirmed by the good agreement between the experimental and
calculated values of the reciprocal values of the squares of interplanar distances (10%/d?) and the consistency of
the values of X-ray and pycnometric densities. It has been established that holmium tellurites are synthesized
in monoclinic syngony and have a perovskite-like structure. Quantum-chemical calculations of the stable ge-
ometry of the synthesized tellurites were carried out using the Gaussian-2009 software package with the help
of the UFF molecular method. In this case, equilibrium internuclear distances (long bonds) and bond angles are
the parameters. Based on the results of quantum chemical calculations, models of the geometric structure of
new holmium tellurites are presented.

Keywords: double holmium tellurites, X-ray phase analysis, syngony, lattice parameters, quantum chemical
calculations, structure models.

Introduction

For a long time, the crystal chemistry of the phases of tellurium-containing oxides has been of interest to
many scientists. This interest is caused, on the one hand, by the heterogeneity of the compounds based on the
stereochemical activity of the lone electron pair of Te'V, on the other hand, on this basis, assumptions related
to the use of tellurites as new pyroelectric and nonlinear optical materials are caused.

Both tellurium dioxide (TeO,) and selenium (SeO-) dioxide are widely used in the synthesis of many new
solid-state materials due to their lower melting point and triple points (733 for TeO», 340 for SeO,), respec-
tively. These available temperatures allowed them to be used for crystal growth [1]. In addition, the excellent
reactivity of TeO and SeO; allowed them to be used in the formation of many new oxide materials. Variable
coordination media of the Te*" and Se** cations are also of particular interest. In particular, they demonstrate
many structural motives, such as the trigonal pyramid and the square pyramid. If various coordination geom-
etries are combined with other multi-faceted fragments, a greater flexibility of the architecture of the structure
is possible. Finally, Te*" and Se*" cations, by their nature, have an asymmetric structural geometry related to
an unbound electron pair.

Non-centrosymmetric (NCS) materials are of current and technological interest due to their generation of
the second harmonic (SHG), piezoelectric, ferroelectric, and pyroelectric properties [2—5]. With oxide
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materials, structures (NCS) are often observed in materials that contain second-order Jan-Teller distorting cat-
ions, octahedral coordinated d° transition metal ions (Ti*", V3", W', etc.) and single pairs of cations (Se*", Te*,
I’ ete.) [1].

In accordance with these postulates, new double and triple tellurites of a number of s-, d- and f~elements
have been synthesized as promising substances with multifunctional properties and their X-ray, thermody-
namic and electrophysical properties have been studied at the Department of Inorganic and Technical Chem-
istry of Buketov Karaganda State University [6—9]. Research in this direction continues.

The aim of this work is the synthesis, X-ray and quantum-chemical studies of new phases of double
tellurites of the composition HoMellTeO4 s (Me" — Sr, Ba).

Experimental

Solid-phase synthesis of compounds was carried out by the method of ceramic technology from hol-
mium (III) oxides of the reagent grade, tellurium (IV) and carbonates of strontium and barium of the analytical
grade. Pre-dehydrated at 40 °C stoichiometric amounts of precursors were thoroughly mixed, ground in an
agate mortar. Then, they were annealed in alundum crucibles in the SNOL furnace first at 800 °C for 20 hours,
with periodic grinding in a mortar, then at 1200 °C for 23 hours, then the mixtures were cooled, mixed, and
thoroughly triturated. Low-temperature annealing of the compositions was carried out at a temperature of
400 °C also for 20 hours.

X-ray diffraction investigations of the new phases synthesized were carried out on a DRON-2.0 diffrac-
tometer (CuKoa-radiation, Ni-filter, U =30kV, /=10 mA, counter rotation velocity 2 rpm, scale range
1000 imp/s, T =5 s, 20 = 10-90°). The intensity of the diffraction peaks was estimated on a 100-point scale.
The radiographs of the obtained compounds were indexed by the homology method [10].

The improvement of the computational technologies of modern quantum chemistry led to the creation of
powerful commercial software products by individual companies, among which the company Gaussian (USA)
founded by John A. Pople stands out. The program «Gaussian-2009» is the latest development from the Gauss-
ian product series. This package of modeling electronic structures is used for developments in the field of
chemistry and biochemistry, physics, and other developing fields related to chemical processes [11]. Quantum-
chemical calculations of the stable geometry of the synthesized tellurites were carried out using the Gaussian-
09 software package with the help of the UFF molecular mechanics method.

Results and Discussion

Each crystalline substance is characterized by its lattice, a certain chemical composition and a certain
distribution of atoms in the unit cell of the lattice. The lattice geometry determines the set of interplanar dis-
tances (consequently, the Bragg angles 0 during diffraction at a given radiation). The individuality and distri-
bution of atoms determines the intensity of the diffracted rays. Qualitative X-ray phase analysis consists in the
identification of crystalline phases on the basis of their inherent interplanar spacing d«) values and the corre-
sponding intensities of the /) lines of the x-ray spectrum.

Figure 1 shows radiographs of the holmium double tellurites synthesized.

100

1o, %
ITo, %

50 4

T | T T
50 40 30 20 10 50 50 30 10
20, deg 20, deg

a) HoSrTeOs5 b) HoBaTeOs4 s

Figure 1. Radiographs of the holmium double tellurites synthesized
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The results of the X-ray indexing of the holmium tellurites synthesized are shown in Table 1.

The results of indexing radiographs of holmium double tellurites

1/, % d A 10Y/dexp. hkl 10%dcatc.
HoSrTeOys s
11 4.770 439 300 439
13 4.075 602 102 602
16 3.924 649 230 650
23 3.070 1061 411 1061
56 3.015 1100 10-3 1100
100 2.813 1264 050 1264
31 2.774 1299 322 1300
10 2.625 1451 341 1452
35 2.429 1695 422 1694
20 2.357 1800 42-3 1801
28 2.266 1947 061 1946
41 2.227 2016 260 2016
10 2.081 2309 36-1 2308
21 2.030 2426 162 2424
17 2.025 2439 532 2440
7 1.958 2607 071 2604
14 1.873 2851 271 2852
14 1.830 2987 732 2987
7 1.784 3144 005 3141
HoBaTeOy45
6 4.857 424 201 424
24 3.097 1043 013 1042
48 3.018 1098 40-1 1097
100 2.960 1141 311 1142
24 2.630 1446 12-1 1446
5 2.420 1708 50-1 1708
37 2.091 2287 21-5 2287
16 1.882 2823 601 2824
17 1.845 2938 30-6 2938
4 1.790 3121 52-2 3120
34 1.707 3432 132 3433
5 1.610 3858 133 3858
9 1.585 3981 514 3981
5 1.572 4047 51-6 4046
5 1.478 4578 207 4577
11 1.322 5722 82 -1 5722
11 1.257 6329 813 6328
4 1.248 6421 308 6421
5 1.223 6686 822 6686
5 1.194 7014 336 7014

Table 1

Based on the X-ray indexing of the synthesized tellurites, it has been established that they crystallize in
a monoclinic syngony (Table 2). The correctness of the results of indexing radiographs of tellurites is con-
firmed by the good agreement between the experimental and calculated values of the reciprocal values of the
squares of interplanar distances (10%/d*) (Table 1), the consistency of the values of X-ray and pycnometric
densities (Table 2). In addition, the type of syngony and the unit cell parameters of the compounds are also
presented in Table 2.
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Table 2

Syngony type and lattice parameters of HoSrTeO4.5 and HoBaTeO4.5

. - 3
Compound Syngony Lattice parameters, A VO, A3 7 Density, g/cm

a b C Proent. Ppycn‘
HoSrTeO4s5 | monoclinic 14.50 14.05 9.04 1816.16 10 3.73 3.59+0.04
HoBaTeO4s | monoclinic 12.10 5.49 11.49 747.30 4 4.07 3.93+0.06

The X-ray data show that the tellurites synthesized crystallize in the distorted perovskite structural type
Pm3m. Therefore, it can be assumed that these compounds can possess valuable electrophysical properties [12].
The results of quantum chemical calculations of the geometry of the structure of holmium double tellurites are

presented in Table 3.

Table 3

Basic geometric data of holmium double tellurites according to quantum chemical calculations

Bond d, A Bond angle o, degree
HoSrTeOyq 5
O()-Te(2) 2.033 Te(3)-0(1)-Te(2) 108
Te (3)-0(1) 2.033 0@4)-Te(3)-0() 112
O (5)—-Te(2) 2.025 06)-Te(3d)-01) 112
0N -Te(2) 2.024 00B)-Te(2-01) 112
0 (4)-Te(3) 2.025 O -Te(-01) 112
0(6)-Te(3) 2.024 Sr(15)-0(7)-Te(2) 104
Sr(15)-0() 2.533 Sr(14)-0(5)-Te(2) 105
Sr(149)-0(5) 2.533 0@®)-Te(-0() 107
009 -Te(3) 2.024 09 -Te(3d-01) 107
0(@®)-Te(2) 2.024 Ho (12)-0(9)-Te (3) 104
Ho (12)-0(9) 2.211 Ho (13) -0 (8) —Te(2) 104
Ho (13)-0(8) 2.211 O(11)-Ho(12)-0(9) 180
0O (10)—Ho (13) 1.975 0O (10) —Ho (13) - 0(8) 180
O(11)-Ho(12) 1.975
HoBaTeOy4 5

O()-Te(2) 2.003 Te(3)-0(1)-Te(2) 100
Te(3) -0 () 2.012 0@4)-Te(3)-0() 107
0()-Te(2) 2.032 06)-Te(3d)-01) 107
0N -Te(2) 2.032 00B)-Te(-01) 106
04 -Te(3) 2.010 O -Te(-01) 106
0(6)-Te(3) 2.010 Ba (15 -0(7)-Te(2) 107
Ba(15-0() 2.773 Ba(14)-0(5)-Te(2) 107
Ba(149)-0(5) 2.773 0@®)-Te(-0(1) 109
009 -Te(3) 2.025 09)-Te(3)-0(1) 75
0()-Te(2) 2.024 Ho (12)-0(9)-Te (3) 105
Ho (12)-0(9) 2.212 Ho (13) -0 (8) —Te(2) 104
Ho (13)-0(8) 2.211 O(11)-Ho(12)-0(9) 180
0O (10)—Ho (13) 1.975 0O (10) —Ho (13) - 0(8) 180
O(11)-Ho(12) 1.975

Based on the results of quantum chemical calculations, models of the structure of new double tellurites
are presented. The spatial geometry of the studied compounds of the tellurium composition HoMTes s (M is Sr

or Ba) is shown in Figure 2.
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a) HoSrTeOs s b) HoBaTeOs s

Figure 2. Models of the geometric structure of the holmium tellurites synthesized

Conclusion

In the work, new double tellurites of holmium-strontium HoSrTeO4 s and holmium-barium HoBaTeO4.5
were synthesized using the ceramic technology method. The X-ray phase analysis method was the first to
investigate the crystal characteristics of metal-mixed tellurites and to determine the type of syngony, the unit
cell parameters, X-ray and pycnometric densities. It has been established that tellurites crystallize in a mono-
clinic syngony and have a perovskite-like structure. This suggests that these compounds may have unique
electrophysical properties.

Based on quantum chemical calculations, models of the geometrical structure of the synthesized tellurites
have been proposed. The X-ray characteristics of the holmium tellurite can be the initial information files of
fundamental reference books and data banks and are of interest for chemical informatics.

This work was supported by the Ministry of Education and Science of the Republic of Kazakhstan [grant
numbers AP 05132001].
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I'osbMui KOC TEJTYPUTTEPIH CHHTE3/1EY, PEHTTeHOTPaQusJIbIK
JKOHE KBAHTTBI-XUMUSLIBIK 3epPTTey

Kepamukainsik texaonorns oxicimer 8001200 °C apansrsiana Ho(II), Te(IV) okcuarepi skone SrCOs3, BaCOs
KapGoHaTTapbIHaH Kypaeni okcuaTik pasanap — HoMe!'TeOs s (Me!' — Sr, Ba) kypamisl ronbMuiiiin jxana
KOC TeJUTyPUTTEpI CUHTE3 eI 1. AJFall peT TeJUTypUTTEPAiH KYPbUIbICHI pEHTTeHIIK (a3aiblK Tajay SiciMeH
3eprrenni. Perrrendaszansix tanpay JJPOH-2,0 annmapareiaa xypriziani. Audpakumsuiblk MaKCUMYMAAPIBIH
KapKbIH/BUIBIFbI %KY3 OaJIbIK HIKanaMeH Oaranan bl CHHTE3/1e/IIeH YHTAKTap IblH PEHTI€HOIPaMMallapblH H-
JUILIPIICY TOMOJIOTHS oiCiMeH Xypri3inai. TemrypurTepin CHHIOHUS THII, SJIEMEHTap YSIIBIK MapaMeTp-
Jepi, PEeHreHOrpaUsUIBIK XOHE NHUKHOMETPIIK THIFBI3ABIKTAPEIHGIH MoHAEpi aHbIKTanabl: HoSrTeOss:
a=14,50; b = 14,05; ¢ = 9,04A; pperrr,=3,73; prmen. = 3,59 + 0,04 r/cm’; HoBaTeOss; a = 12.10; b =5.49;
¢ =11.49A; ppewr, = 4.07; pumc. = 3.93 £ 0.06 r/cm?. TesnyputTepiH peHTreHOrpaMMaiapbiH HHIUIUPIIEY Ho-
THKENEPIHIH IYPBICTHIFBIH Ka3bIKTHIKAPAJIBIK KAIIBIKTHIKTHIH KBaPATTAPBIHGIH Kepi mamachiHbiH (104/d?) To-
JKIpUOEIK JKoHE TEOPHSUIIBIK MOHIEPI MEH PEHTIeHOTrPa(HSIIBIK KOHE TMKHOMETPIIIK THIFBI3IBIKTaPbIHBIH MOH-
nepiniy coiikecTiri monenneHnl. ['ONbMUIIIH CHHTE3NEIreH KOC TEIUIyPUTTEpI MOHOKIMHIIK CHHTOHHSIA
KPHCTAJIIaHATHIHbI )KOHE IIEPOBCKUT TAPi3/i KYPBUIBICTHI €KEHIIT aHbIKTas1bl. CHHTE3 eI eH TeLTyPUTTePAiH
TYPAKThl TEOMETPHUSCHIH KBAHTTHI-XUMUSUIBIK ecentey Gaussian—2009 Garnmapramanblk MakeTi KOMeriMeH,
UFF Monekynanblk MEXaHUKa 9iCIMEH >Kypri3inai. by skarmaiina Teme-TeHmiK sSIpoapaliblK KalIbIKTHIKTaphl
(GaifmaHbIc Y3BIHIBIKTAPHI) XKOHE BAJICHTTIK OYphINITaphl apaMeTpiepi 0o Tadsuransl. KBaHTTHI-XUMHES-
JIBIK €CENTeyJIep/IiH HOTHKECIH/Ie TOIbMHIIIH )KaHa KOC TeJUTYPHTTEPiHIH FreOMETPHUSIIBIK KYPhUIBIC MOJEIb-
Jiepi YChIHBUIIBL.

Kinm ce3dep. ronpmuil KOC TEIUTypUTTEPI, peHTreHpa3albIK Tajiay, CHHIOHHS, TOP MapaMeTpliepi, KBaHTThI-
XUMHSUIBIK €CENTeYJIep, KYPhUIbIC MOICIbICPI.

K.T. Pycremb6exoB, M.C. KaceimoBa, E.B. Munaesa, JI.A. KalikeHOB

Cunre3, peHTreHOrpauyeckoe H KBAHTOBO-XHMHUYECKOe
HCCJIeI0BAHNSI IBOWHBIX TeJLJIYPUTOB TOJIbMUS

Meronom kepamudeckoit Texaonorun u3 okcunos Ho(Il), Te(IV) n kap6onatoB SrCOs3, BaCOs B unTepsane
800-1200 °C cuHTEe3HpOBaHBI CIOXKHBIE OKCHIHBIC (ha3bl — HOBBIE JBOHHBIC TELTyPHUTHI FOJIBMHS COCTaBa
HoMe!"TeOs s (rne Me!! — Sr, Ba). MeTomoM peHTreH0(hba30BOro aHaiu3a BIEPBbIE HCCIEN0BAHBI CTPYKTYPBI
TeJulypuToB. PeHTreHogas3osblit aHain3 nposeseH Ha ycranoBke J[IPOH-2,0. InTeHcuBHOCTD qUPaKIIHOHHBIX
MaKCHMyMOB OLIGHMBAJIU 110 CTAOMJIBHOM 1LIKasie. PEHTreHOrpaMMbl CHHTE3UPOBAHHBIX TIOPOLIKOB HHAULIUPO-
BaHbI METOI0M roMouioruy. OnpeieneHbl THII CHHIOHUH, HapaMeTphl JIEMEHTapHOM s4eiiku, peHTreHorpadu-
YeckMe M MMKHOMETpHYeckue MmioTHocTH TeamypurtoB. HoSrTeOss: a = 14,50; ¢ = 14,05; ¢ = 9,04A;
Ppenr. = 3,73;  prwen. = 3,59 £ 0,04 r/ecm®; HoBaTeOss: a=12,10; B=549; ¢ =11,49A; pperr. =4,07;
P, = 3,93 £ 0,06 r/cm?. KOPpEKTHOCTH pe3y IbTaTOB MHAUIMPOBAHKS PEHTTEHOIPAMM TEJUTY PHTOB IIOATBED-
JKIAETCSI XOPOLIMM COOTBETCTBHEM IKCIICPHUMEHTAIIBHBIX U PACUECTHBIX 3HAUYCHHUI 0OpaTHBIX BEJIWYUH KBaIpa-
TOB MEXKIUIOCKOCTHBIX paccTosiuii (10%/d?) 1 coriacOBAHHOCTBIO BEJIMYUH PEHTIEHOBCKOM M IIMKHOMETPHYE-
CKOM MJIOTHOCTEH. Y CTaHOBJICHO, YTO CUHTE3UPOBAHHbIE ABOMHBIE TEJIYyPUTHI FOJIbMUS KPUCTALIU3YIOTCS B
MOHOKJIMHHOIM CHHI'OHMH M UMEIOT IIEPOBCKUTOIION00HYIO CTPYKTYPY. KBaHTOBO-XMMHYECKHE PacUeThl YCTOM-
YUBOH I'€OMETPHU CHHTE3MPOBAHHBIX TEJUIYPHTOB OBLIM IPOBEIECHBI C MOMOIIBIO HNPOrPAMMHOIO NaKeTa
Gaussian—2009, meronom Mosekyispaoir UFF. B nanHOM ciyuae mapamerpamy SIBIISIFOTCSI paBHOBECHBIC
MEXBSIICPHBIC PACCTOSHNUS (JUTMHBI CBS3€H) U BaJIeHTHbIE yriibl. Ha OCHOBaHHMY Pe3yJbTaTOB KBAHTOBO-XHMH-
YECKUX PacuyeTOB MIPEACTABICHBI MOJIEN TEOMETPHUYECKOT0 CTPOCHNUS HOBBIX JBOWHBIX TEJLTypPHTOB TOJIBMUS.

Kniouesvie crosa: Z{BOﬁHbIe TEJIIypUTHI I'OJIbMUS, peHTFeHO(i)aSOBBII;‘I aHaJIn3, CHHI'OHUS, TapaMETPhI PEIICTKH,
KBAaHTOBO-XUMHWYICCKUEC PACUCThI, MOACIN CTPOCHUS.
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Determination of the reaction mechanism of the calcium fluoride interaction
with ammonium sulphate

Production of ammonium hydrogen fluoride according to the traditional technology using concentrated sulfuric
acid is associated with a number of technological difficulties. Considering this, an alternative option for pro-
ducing ammonium hydrogen fluoride using ammonium sulphate, a by-product of the coke-chemical production
has been proposed. Thermodynamic and differential-thermal analyzes of the reaction of the interaction of cal-
cium fluoride with ammonium sulphate were carried out to establish the possibility of using ammonium sul-
phate as a reagent for the preparation of ammonium fluoride. According to the results of the analysis, the mech-
anism of the reaction of calcium fluoride with ammonium sulphate was established as the mixture was heated.
It is established that there is ammonium sulphate decomposition in the beginning with formation of ammonium
hydrosulphate, ammonia, sulfur trioxide and water. Then ammonium hydrosulphate, sulfur trioxide and water
interact with calcium fluoride to form ammonium fluoride, fluoric hydrogen and calcium sulphate. Ammonia
and fluoric hydrogen then can be also processed on ammonium fluoride. Thus, the possibility of using ammo-
nium sulphate as a reagent for the production of ammonium fluoride from natural calcium fluoride has been
established on the basis of the research conducted. The ammonium fluoride then can be processed to ammonium
hydrogen fluoride. Thus, the reaction studied can serve as a chemical basis for an alternative technology for the
production of ammonium hydrogen fluoride.

Keywords: calcium fluoride, ammonium sulphate, ammonium fluoride, thermal analysis, thermodynamic anal-
ysis.

Introduction

Ammonium hydrogen fluoride NH4F-HF is widely used in heat-and-power engineering, in ferrous and
nonferrous metallurgy, in the petroleum industry, as well as in the chemical industry. Ammonium hydrogen
fluoride is an expensive imported reagent for enterprises of the Republic of Kazakhstan. Ammonium hydrogen
fluoride can be obtained from natural calcium fluoride CaF», however, its traditional production technology is
based on the reaction of interaction with concentrated sulfuric acid at temperatures above 100 °C. The imple-
mentation of these reactions encounters a number of technological difficulties [1]. Ammonium hydrogen flu-
oride can also be obtained by dissociating ammonium fluoride NH4F [2]. Considering this, an alternative
method of obtaining NH4F-HF can be a technology that involves obtaining ammonium fluoride in the first
stage, which can then process ammonium hydrogen fluoride.

The main reagents for the production of ammonium fluoride are calcium fluoride and ammonia NHs.
Ammonia is not available in all regions of the Republic of Kazakhstan. In Central Kazakhstan, ammonium
sulphate can be a substitute for ammonia, an illiquid by-product of a coke-chemical production containing an
ammonium group. With this in mind, it is of interest to determine the possibility of using ammonium sulphate
(NH4)2SO4 to produce ammonium fluoride [3]. To this end, studies aimed at determining the mechanism of
interaction of calcium fluoride CaF, with ammonium sulphate (NH4)>SO4 have been carried out. The studies
included thermodynamic and differential thermal analyzes.

Experimental

Thermodynamic analysis was performed using the HCS-5.1 Chemistry (Outokumpu) software com-
plex [4] and was reduced to calculating the Gibbs energy of chemical reactions, the occurrence of which was
the most probable during the interaction of these reagents:

CaF; + (NH4),SO4 = CaSO4 + 2HF1T + 2NH3? )
(NH4)2SO4 = NH4HSO,4 + NH;31 (2)

CaF, + NH4HSO4 = CaSO4 + NH4F + HF? (3)
(NH4)2SO4 = 2NH371 + SO31 + HO1 4
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NH,HSO,4 = NH;? + SOs1 + H,01

6))
CaF; + H,O + SO3= CaSO4 + 2HF1 (6)
NH; + HF = NH4F @)
The results of the thermodynamic analysis of reactions (1)—(7) are presented in Table.
Table
Gibbs energy values for the reaction (1)—(7), kJ (negative values are highlighted in bold)
Tempoe (rjature, Reaction (1) | Reaction (2) | Reaction (3) | Reaction (4) | Reaction (5) | Reaction (6) | Reaction (7)
0 182.202 100.871 13.475 284.500 183.629 -102.299 —63.893
100 127.294 97.373 -8.510 223.663 126.290 —96.369 —34.468
200 73.318 93.936 -29.907 163.943 70.007 —90.624 —5.327
300 20.377 90.355 —52.217 105.423 15.068 —85.045 21.722
400 —31.436 86.498 -74.731 48.171 —38.327 —79.608 47.165
500 —82.035 82.275 —96.207 —7.749 —90.024 —74.286 72.065

From Table 1 it follows that the interaction of calcium fluoride CaF, with ammonium hydrogen sulphate
NH4HSOys is more probable than with ammonium sulphate (NH4)>SOs. The decomposition of ammonium sul-
phate by reaction (2) with the formation of ammonium hydrosulphate is more probable than the decomposition
by reaction (4). Therefore, the interaction of calcium fluoride with ammonium sulphate is probably includes
the process of decomposition of the latter with the formation of ammonium hydrosulphate. At temperatures
above 300 °C, ammonium hydrosulphate will begin to decompose according to reaction (5) with the formation
of sulfur trioxide SOs. In return, sulfur trioxide will intensively interact with calcium fluoride, since reaction
(6) is exothermic.

Differential-thermal analysis of reactions (1) and (2) was carried out with the Q-1000/D derivatograph of
the F. Paulik, J. Paulik and L. Erdey systems of the MOM company in an air atmosphere at a heating rate of
10 °C/min. The sample weight was 450 mg; calcined alumina served as a reference. Derivatograms (DTA and

TG curves) of reaction (1) and decomposition of separately taken ammonium sulphate (NH4)>SOs, the results
of processing the TG curve with breakdown into three sections are shown in Figures 1 and 2.
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Figure 1. DTA and TG curves of calcium fluoride

Figure 2. DTA and TG curves of a single
interaction with ammonium sulphate

ammonium sulphate decomposition

The investigation of the reaction of the interaction of calcium fluoride and ammonium hydrosulphate,
DTA reactions (3) and (5) were carried out under the same conditions as for reactions (1) and (2). Deriva-
tograms (DTA and TG curves) of reaction (3) and the decomposition reaction of a single ammonium hydro-

sulphate NH4HSOs, the results of processing the TG curve with breakdown into three (Fig. 3) and two (Fig. 4)
sections are shown.
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Results and Discussion

Derivatograms presented in Figures 1 and 2 confirm the data of thermodynamic analysis. The decompo-
sition of ammonium sulphate (Fig. 2) proceeds according to reaction (2) with the formation of ammonium
hydrosulphate and it begins at 260 °C (section 1 of the TG curve). The total decomposition of (NH4)2SOs is
completed at 380 °C, which is evidenced by the endothermic effect. At the same time, the process velocity,
according to the decrease in the angle of incidence of the TG curve (section 2), slows down in the temperature
range 340-420 °C. This may be due to diffusion difficulty caused by the formation of ammonium hydrosul-
phate. In this case, reaction (2) is not final, since ammonium hydrosulphate is also decomposed by reaction (5).
According to the DTA curve of ammonium sulphate (Fig. 2), the decomposition of ammonium hydrosulphate
occurs in the temperature range 420—490 °C (section 3 of the TG curve).

In the interaction of calcium fluoride with ammonium sulphate, first the decomposition of the latter takes
place with the formation of ammonium hydrosulphate, which then reacts with calcium fluoride by reaction (3).
This explanation is based on the fact that the character of the DTA and TG curves of decomposition of a single
ammonium sulphate (Fig. 2) repeats in form the derivatogram (Fig. 1). The main difference between deriva-
tograms (Fig. 1) and (Fig. 2) is the shift of temperature peaks towards low temperatures on derivatogram
(Fig. 1). The shift of the peaks can be explained by the flow of the exothermic process of formation of calcium
sulphate by the reaction (6). The heat generated during this process partially compensates for the heat con-
sumption for heating and decomposition of ammonium sulphate. In return, the course of reaction (6) indicates
that some part of (NH4).SO4 decomposes according to reaction (4) with the formation of sulfur trioxide SOs3
and water. (NH4)>SO4 decomposes by reactions (2) and (4) (section 1 of the TG curve) in the temperature range
of 260-350 °C. Judging by change of slope of the TG curve, there is an interaction of a calcium fluoride with
ammonium sulphate decomposition products (NHsHSOs, SO; and H,O) in the temperature range of
350-420 °C (section 2). Judging by the DTA curve, the exothermic process of calcium sulphate formation by
the reaction (6) proceeds to a greater degree in the temperature range of 350-390 °C. The reaction (6) indicates
that ammonium hydrosulphate begins to decompose by reaction (5). The reaction of calcium fluoride with
ammonium hydrogen sulphate (3) takes place at temperatures of 390—420 °C. The remaining part of NH4sHSO4
is decomposed by reaction (5) in the temperature range of 420-500 °C (section 3). The increase of the DTA
curve after 420 °C is explained by heating the calcium sulphate obtained.

Derivatogram presented in Figures 3 and 4 reflects the processes taking place in reactions (3) and (5).
The decomposition of ammonium hydrosulphate (Fig. 4) proceeds according to reaction (5) and begins at
340 °C (section 1 of the TG curve). The initial endothermic effect at 180 °C is explained by the melting of
NH4HSO4 without mass loss. Above 420 °C, the process is more intense and ends at 500 °C (section 2), as
evidenced by the endothermic effect.

Judging by the DTA and TG curves, the process of calcium fluoride interaction with ammonium hydro-
sulphate (Fig. 3) is complex and is accompanied by successive processes in the range of 200—450 °C. Before
the interaction, the melting of NH4HSOj4 takes place first, as evidenced by the presence of an endothermic
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effect at 150 °C. The TG curve is straightforward (section 1 of the TG curve) in the temperature range 200—
300 °C, i.e. reaction (3) goes with a constant acceleration factor. The presence of an endothermic effect at
320 °C indicates the end of this reaction. The angle of incidence of the TG curve decreases in the temperature
range of 300-380 °C, i.e. the velocity of the process slows down, which is probably due to the onset of diffusion
hindrance as a result of the formation of a large solid product, calcium sulphate (section 2). The growth of the
DTA curve after 320 °C is explained by heating the calcium sulphate obtained. Unreacted NH4HSOj starts to
decompose with the release of sulfur trioxide and water vapor above 380 °C. The formation of these products
contributes to the removal of diffusion difficulties (section 3 on the TG curve), which leads to an increase in
the velocity of the process. The dissociation of NH4sHSO4 proceeds with the absorption of heat, which explains
the endothermic effect at 410 °C. The sulfur trioxide and water react with unreacted calcium fluoride by reac-
tion (6) with the release of heat, which explains the exothermic effect at 430 °C. The remaining part of
NH4HSO; is decomposed by the reaction (5) in the temperature range 430445 °C. The growth of the DTA
curve after 445 °C is explained by heating the calcium sulphate obtained.

Conclusion

The results of thermodynamic and differential-thermal analyzes show that as the mixture heats up, the
interaction of calcium fluoride with ammonium sulphate proceeds according to the following mechanism:

1) ammonium sulphate decomposes by reaction (2) to form liquid ammonium hydrosulphate, and par-
tially by reaction (4) to form sulfur trioxide and water in the temperature range of 260-350 °C;

2) calcium fluoride reacts with ammonium hydrosulphate by reaction (3) and with sulfur trioxide and
water by reaction (6) with the formation of ammonium fluoride, fluoric hydrogen and calcium sulphate in the
temperature range of 350—420 °C;

3) the remaining part of NHsHSO4 is decomposed by reaction (5) with the release of sulfur trioxide and
water, which then react with the remaining part of calcium fluoride by reaction (6) above 420 °C;

4) ammonia and fluoric hydrogen obtained can be also processed into ammonium fluoride by reaction (7).

When the mixture of calcium fluoride and ammonium hydrosulphate is heated, reaction (3) proceeds
already in the temperature range of 200—320 °C. The ammonium fluoride obtained can be used to produce
ammonium hydrogen fluoride by decomposing it at a temperature of 138 °C.

Thus, the possibility of using ammonium sulphate as a reagent for the production of ammonium fluoride
from natural calcium fluoride has been established on the basis of the research carried out and the reaction
studied (1) can serve as the chemical basis of an alternative technology for the preparation of ammonium
hydrogen fluoride.

The work was perfomed out on the basis of «Innovatsiya» LLP within the constraints of current initiative
research on the development of alternative technology for the production of ammonium hydrogen fluoride with
the involvement of employees of the ChMI named after Zh. Abishev.
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K. XKymames, A. Hapem6ekoBa, b.b. Katpenos
AMMOHUI cyJb(paThl 0ap Kaabuuii OudTOopuaiHiH 63apa
JpeKeTTecy peaKIuAIaAp MeXaHU3MiH AHBIKTAay

AMMOHN# OM(TOPHIIH KYKIPT KBIIIKBUIBIH KOJIAHa OTBIPHII, JOCTYPIIi TEXHOJIOTHSICEIMEH aly Oipkarap Tex-
HOJIOTHSUTBIK KMBIHJIBIKTapFa aIbIl Kesesli. OCBIHBI eCKepe OTBIPHII, aMMOHHH CyJIb(haThIH — KOKC-XUMHUS OH-
JipiciHiH >kaHAMa eHIMi KOJJaHy apKbIIbl aMMOHHH OM(TOPHUIIH aTy IsH OaaMa o/1ici YCHIHBITFaH. AMMOHUH
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(dTOpUiH OHAIPY YIIIH aMMOHHMH CyJb(aThIH peareHT peTiHie KOJIAaHy MYMKIH/IITH aHbIKTAY YIIiH KJIbIMI
O6udTOpUIiHIH aMMOHHMH CyJIb()AaTPIMEH OPEKETTECY PEaKIHACHIHBIH TEPMOIMHAMUKAIIBIK JKoHe I depeHiy-
IABI-TEPMUSIIBIK TaJaaybl )kacanpl. TanmaynapablH HOTHKeIepi OOMbIHIIA KOCTIaHbI OipTiHACH KbI3IBIPY Ke-
3iHzeri Kanpiuil OudTopAiHIH aMMOHUH CyIb()ATEIMEH OPEKETTECY MEXaHN3MI aHBIKTATIbI. AMMOHUH CyJIb-
(aThIHBIH oyeni aMMOHHI TUAPOCYIb(aThIHA, AaMMHAKKA, KYKIPT TPHOKCHIIHE JKOHE CyFa bIIbIpaybl aHBIKTAII-
raH. CoHaH COH aMMOHHI THAPOCYIb(AThI, KYKIPT TPHOKCHUI JKOHE Cy KaJbIUi OU(TOpHIIMEH dpeKeTTeci,
OCBIaH KeiiH aMMOHUH (ropuai, GTOPIIBI CyTeTi, KaJIbLii CyIb(haThl IeTeH KOChUIBICTap Maiaa 6omamsl. AM-
MHaK xaHe QTOpJIbI cyTeri KeiiH aMMoHui Gropuiine eHxipyre 6onansl. Ocpaiiiia, eTKI3reH 3epTTeyepiHiy
Heri3iHge Tabury KajabLuii GTopuAiHeH aMMOHUI (QTOPUAIH OHAIPY YIIiH aMMOHHUI CyNIb(aThHIH peareHT pe-
TiHJIE KOJIIaHy MYMKIHIITiH aHBIKTaTFaH. AMMOHHE (TOpHIl KelliH aMMOHMI OudTopuine eHIipyre 60naibl.
Ochbuaiiina, 3epTTelreH peakuysi aMMOHUI Ou(TopHIiH eHIIpyAiH 6ajaMa TEXHOJOTUSICHl YIIIH XHUMUSIIBIK
Heri3i 0oia anagsl.

Kinm ce30ep: xanpiuii OUQGTOPHIBI, aMMOHHH CyIb(haThl, aMMOHUI (QTOPUI, AaMMHUAK, TEPMISUIBIK TaIAaAy,
TEePMOANHAMUKAIIBIK TAJIAAY.

K. XKymames, A. Hapembekona, b.b. Katpenos

Onpeaesienne MeXaHM3Ma peaKUMU B3aMMOIeCTBUS
oudgropuaa KaabuMs € CyJabGaToM aMMOHUS

Ionyuenne 6udTopruaa aMMOHHS MO TPAJULMOHHON TEXHOJIOTHU C HCIOJIb30BAHHEM KOHLIEHTPHPOBAHHOM
CEPHOI KHCIIOTBI CONMPSDKEHO C PSIIOM TEXHOJIOINYECKUX 3aTPYAHEHUN. YUHUThIBAs 9TO, IPEUIOKEH aJbTepHa-
TUBHBIN BapHaHT MOJy4eHUs ONPTOPHIa AMMOHUS C HCIOJIB30BAaHUEM CyJIb()aTa aMMOHUSI — MOOOYHOTO MPo-
JyKTa KOKCOXHMMHYECKOTO IPOU3BOACTBA. JIJIsl yCTaHOBIICHHS! BO3MOXKHOCTH HCIIOJIB30BaHMU CyibdaTa aMmmo-
HUsI B Ka4ECTBE peareHTa ULl MosydeHus: GTopuaa aMMOHHMSI ObLITH POBEICHbI TEPMOANHAMHYCCKHI U 1u-
(bepeHIHaIbHO-TePMUYECKHI aHAIM3bl PEaKIMH B3aUMOJCHCTBHS Ou(TOpHAa KalbLys ¢ CyIbhaToM aMMO-
nus. [To pesysibrataM POBECHHBIX aHAIN30B YCTAHOBJICH MEXaHU3M IPOTEKAaHUs Peakiuy OudTopyaa Kajib-
us ¢ cyibhaTroM aMMOHHS 110 Mepe HarpeBaHusi cMecH. ITokazaHo, YTO BHayaje MPOUCKOIHUT PA3JIOKEHUE
cyibara aMMoOHHsI ¢ 00pa3oBaHHEM T'UAPOCYIb(aTa aMMOHHS, aMMHaKa, TPUOKCH/A CePbl U BOJbL 3areM
rUApoCyIbhaT aMMOHHMS, TPHOKCHJI CEPhI ¥ BOJa B3aUMOJICHCTBYIOT ¢ OH(TOPHIOM KajbLius ¢ 00pa3oBaHUEM
¢dropuna aMMoHHMs, PTOPOBOAOPOAA U CyJIb(aTa KaJblysi. AMMHUAK U (HTOPOBOJOPO]] 3aTEM MOTYT OBITh TAKKE
nepepaboTansl Bo Gropun ammouus. TakuMm 06pa3oM, Ha OCHOBAaHHH IIPOBEACHHBIX UCCIICNOBAHUI yCTAaHOB-
JIeHa BO3MOYKHOCTB HCIOJIB30BaHMs CyIb(aTa aMMOHHS B KQUeCTBE peareHTa JUist IoJTydeHus Gropuaa aMmMo-
HHS U3 IpUpoAHOro Gropuaa Kanbius. OTOPUI aMMOHHS 3aTeM MOXET ObITh nepepaboTaH B Gudropun am-
MoHus. Takum 00pa3oM, U3yUdeHHas PEaKIUs MOXET CITyKUTb B KaUeCTBE XUMUUYECKOI OCHOBBI aJIbTePHATHB-
HO¥ TEXHOJIOTUH MOJTy4YeHus: 6upTOpHIa aMMOHUSL.

Kniouesvie cnosa: budropun kanplus, cyibhaT aMMOHHS, GTOPHUIT aMMOHUSI, TEPMUYECKUH aHAIN3, TEPMO/IHU-
HaMHYECKHUI aHaJIU3.
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Chemical, phase composition and properties of products
of thermal decomposition of coal of Tavantolgoy deposit of Mongolia

The results of investigation of chemical and phase composition of products of thermal decomposition of hard
coal of the Tavantolgoy deposit in Mongolia were presented, namely, the solid residue of thermal decomposi-
tion of coal, tar fraction, liquid condensate and organic fraction separated from the condensate. Their compo-
sitions, temperatures of formation and phase transformations were determined. Relicts of aromatic hydrocar-
bons, ester groups and phenols were preserved in a small amount in the solid residue. The boiling condensate
is an aqueous solution with a small admixture (~1 %) of the organic component that is the extract and traces of
the resinous fraction. Condensate extract mainly contains phenol and its derivatives. The resinous fraction con-
tains low-boiling oils and a phase that is thermally similar to asphaltenes, including up to 70 organic substances,
with predominance (~40 % relative) of saturated hydrocarbons (cozanes), the presence of various groups of
aromatic and polycyclic hydrocarbons, namely benzene derivatives, naphthalenes, phenanthrenes, hopenes,
traces of phenols and cholestenes.

Keywords: phase decomposition, solid precipitate, resinous fraction, condensate, sublimates, organic fraction
of condensate.

Introduction

The situation concerning the possibility and prospects for the industrial use of coal from the Tavantolgoy
deposit in Mongolia that exists until recently was presented in some detail in the study of the phase decompo-
sition of coal from this deposit [1]. It has been noted that the hard coals of Mongolia, in particular the Ta-
vantolgoy deposit, are valuable raw materials for metallurgy, coke chemistry and the chemical industry [2, 3].
The explored reserves of the field, the technical characteristics of these coals, as well as a number of other
fields in Central Asia (in particular, Tuva) provide the possibility of their integrated use [4—10].

However, the mined coals of these deposits are mainly used as a fuel for heat and power plants and the
private sector due to the remoteness from industrial centers and the lack of necessary transport communications
[10-12]. At the same time, dispersed soot and other products of incomplete combustion are formed in the
furnaces of CHP plants and domestic furnace units due to the incomplete combustion of coal and the formation
of cakes, which leads to the release of environmentally hazardous substances into the environment. The moun-
tainous landscape and continental climate of Central Asia predetermine the formation of stagnant zones, smog
in the confined spaces of mountain valleys, which leads to pollution of the atmosphere of urban and other
settlements of these regions with products of flue gases with high concentrations of toxic substances, including
carcinogens [13].

Despite numerous studies on the modification of materials of this type, the environmental problems of
flue gases have not been resolved yet. In this regard, research on the dynamics of decomposition of coals from
a number of fields in Tuva and Mongolia during their roasting, for example [1, 14], has been carried out as
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part of the research program for creating technology for the efficient and environmentally friendly processing
of mineral raw materials. In particular, when studying the thermolysis of coal from the Tavantolgoy deposit in
Mongolia, the following products were obtained, namely, a solid residue, a resinous fraction (coal tar), a con-
densate of boiling liquid fraction and an organic extract of this fraction [1]. This article is devoted to the results
of further studies of the chemical, phase composition and properties of the products formed during the ther-
molysis of coal from this field.

Experimental

The composition of thermolysis products was studied by instrumental analysis methods. The structural
characteristics of the solid products of thermolysis were determined by IR spectroscopy. Reference manual
was used when interpreting the spectrograms obtained [15]. Liquid sublimate condensate and the resinous
fraction were investigated by thermal analysis (DTGA) using an MOM-1000 model derivatograph (Paulik,
Paulik-Erdey, Hungary). Samples of the organic component of the liquid sublimate condensate were analyzed
by gas chromatography-mass spectrometry. The preparation consisted in threefold extraction of organic com-
ponents with methylene chloride (CH.Cl,). The compounds were identified by comparing with known sub-
stances from the library of mass spectra of the BIST 08 Library. Chromato-mass spectrometric studies (CMS)
of the resins formed during thermolysis were performed using a system that included a gas chromatograph
equipped with an interface with a highly efficient mass-selective detector. Mass chromatograms were obtained
by total ion current (TIC). Compounds were identified using a computer search in the National Institute of
Standards NIST-05 library, according to literature data and by reconstructing structures according to the nature
of ion fragmentation during electron impact [16, 17].

Figure 1 shows the obtained IR spectra of the average sample of coal (curve 1) and the solid product of
its thermolysis (curve 2) in order to assess the result of thermolysis.
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Figure 1. IR spectrograms of the average initial sample of Tavantolgoy coal (/) and its thermolysis product (2)

The infrared spectrum of the original coal sample (curve 1) shows absorption bands (peak 1) correspond-
ing to the stretching vibrations of C—O—C and bending vibrations of CH, as well as the absorption bands (peaks
2 and 4) related to the vibrations of ether groups. Peak 3 corresponds to C—O vibrations of phenolic groups;
C=0 vibrations of quinolide groups are peak 5, and peak 6 is due to vibrations of intensive absorption of
carbonyl groups. Peak 7 refers to vibrations of CH-aliphatic groups, OH-phenolic groups and carboxylic acids,
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and peak 8 refers to weak vibrations of OH-phenols and carboxylic acids associated with the presence of a
hydrogen bond. Peak 9 is due to vibrations of peripheral phenolic groups.

The IR spectra of solid thermolysis product (curve 2, Fig. 1) are significantly different from the IR spec-
trum of the starting material. Weak (relic) absorption bands of ether, phenol, and quinol groups are noted.
There are no bands related to the vibrations of the CH-aliphatic, OH-phenolic groups and carboxylic acids.

Thermal analysis of sublimates of liquid condensate samples. DTGA samples of liquid condensate from
sublimates obtained during thermolysis of an average sample of a batch and a sample prepared from a lumpy,
heterogeneous in size starting material (~30 mm diagonally) turned out to be identical (Fig. 2).
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Figure 2. DTGA samples of condensate extract Figure 3. DTGA of tar fraction of coal

sublimates thermolysis

There is a deep endothermic effect of evaporation of an aqueous solution at 115-130 °C and with further
heating a number of minor endo-effects are fixed at 300-340, ~ 400.460-500 °C. This is due to the fact that a
small amount of the resinous fraction is formed during thermolysis of samples of this coal, in addition to liquid
sublimates. And, apparently, all thermal effects and changes in the mass of the material observed at tempera-
tures above 300 °C are due to the presence of an admixture of the resinous component in the condensate me-
chanically trapped or partially dissolved in the condensate. Accompanied thermal effects, the mass loss of
samples of liquid condensate of this type of coal occur sequentially in three stages, namely it is 92 % at 115—
130 °C, 5.6 % at 300-350 °C and then (up to 600 °C) it has the monotonous nature of the decline and it is about
2 %.

Thermal analysis of the coal tar fraction. The results of DTGA of the coal tar fraction are presented in
Figure 3. The course of the thermogram curves shows that a series of combined softening processes (>45 °C)
and sequential melting of the resin components (80—95—110 °C) occur in the temperature range of 45-110 °C,
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while the mass of the material remains unchanged. At 230-240 °C, the beginning of the boiling of the liquid
is noted, which is fully completed at 285-300 °C, and a dry porous product is formed at 310-320 °C. Starting
at temperatures of 330-350 °C, dry decomposition of the sample material is observed. By the heating temper-
ature of 600 °C, the sample mass is reduced to 0.5 % of the initial sample, and the entire sample is completely
sublimated upon subsequent short exposure (5—10 min). From this it follows that the resin material is repre-
sented by low-boiling (about 230-250 °C) mineral oils and a phase that is thermally close to asphaltenes, with
solid phase decomposition at 330 to 340 °C, into components, with higher temperatures (up to 600-650 °C)
dry sublimation.

The material composition of the extract sublimates liquid condensate. The analysis showed that the con-
densate extract of thermolysis of lump material contained phenol (45.70 %) and its derivatives (in total, by
weight, equal to 50.44 %.), as well as impurities, namely cyclopentanone, cyclohexanone, diethyl phthalate,
dimethyl derivative cyclopentene and 2-methylquinoline. In total, the mass of phenol and its derivatives was
96.14 % of the total mass of the extract.

The content of phenol is somewhat lower (37.54 %) than in the extract of the lump sample in the liquid
extract of sublimation of the initial average sample of this coal, but the content of the derivatives of phenol is
approximately the same. The total content of phenols is slightly less and equals to 92.02 %. The content of
diethyl phthalate in the material is comparable to that in the lump sample extract. Also there is a small content
of cyclohexane in the sample. Unlike lump sample extract, this extract contains a whole group of quinoline
derivatives (total of 7.04 %). Thus, the main components of the condensate extract from sublimates of coal
from the Tavantolgoy deposit, as well as from brown coal from the Baganur coal [18], are phenol and its
derivatives. The extracts of brown and black coal differ in the content of the fractions — small in the mass of
components.
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Figure 4. Chromato-mass spectrogram of the resinous coal fraction
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The material composition of the resinous fraction of coal. The data obtained by chromatography-mass
spectroscopy of the resinous fraction of Tavantolgoy coal (Fig. 4) show a complex composition.

This product consisting of 69 individual compounds belonging to different classes and groups of organic
compounds are:

— aromatic hydrocarbons (0.765 % phenols; 15.842 % benzene group);

— polynuclear aromatic hydrocarbons (19.96 % naphthalenes; 11.61 % phenanthrenes);

— polynuclear hydrocarbons (10.50 % hopene-hopane; 0.97 % sterile steroids);

— saturated hydrocarbons (40.32 % cozanes).

Results and Discussion

As a result of thermolysis, Tavantolgoy coal decomposes into solid residue, the resinous fraction (coal
tar) and sublimates including the gaseous component and liquid boiling condensate. The process of thermal
decomposition of coal from the Tavantolgoy deposit can be represented by the following scheme (Fig. 5).

Initial coal of Tavantolgoy
(average sample). 600°C. 2 hours

e e o e R e il
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emeeet s e e e A
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components (2.0 %)
Figure 5. Diagram of the sequence of decomposition of coal during its thermolysis

The hydrocarbon components of the original coal are preserved in small amounts, namely, aromatic hy-
drocarbons, ether groups, and phenols. Low-boiling condensate, which is an aqueous solution, contains insig-
nificant amounts of the organic component, the extract (up to ~ 1 %), and an impurity of the resinous fraction.
This is confirmed by the data of DTGA condensate, where thermal effects in the temperature range of 115-
130 °C indicate boiling of the aqueous solution, and above 300 °C, the removal of resinous impurities. Subli-
mate condensate extract mainly contains phenol and its derivatives. Samples obtained from lumpy or averaged
material differ somewhat in the ratio of the contents of phenol and its derivatives, as well as in the presence of
impurities in them, in particular quinoline and its derivatives.

The resinous fraction obtained during thermolysis (coal tar) contains low-boiling (at 230-250 °C) mineral
oils; a phase similar in properties to asphaltenes, subjected to solid phase decomposition at 330-340 °C, and
components with higher temperatures (up to > 600 °C) of dry sublimation. It has a complex organo-mineral
composition of 69 compounds, mainly saturated hydrocarbons — cozanes (~ 40 %) and compounds of various
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groups of aromatic and polycyclic hydrocarbons, namely benzene derivatives (~ 16 %), naphthalenes (~ 20 %),
phenanthrenes (~ 11 %), hopene (~ 10 %). There are impurities of phenols and cholestenes (<1 % each).

The results of the work confirm the conclusions made on the basis of the results of previous studies on
the effect of the aggregate state of coal samples on the material and the effect on it during the storage of the
environment on the magnitude of the coal gas during thermolysis and on the impurity composition of the
sublimate condensate extract.

The author expresses deep gratitude to chief researcher V.A. Kashirtsev and senior researcher V.M. Me-
lenevsky (INGG SB RAS); senior researcher IYu. Prosanov (IHTTM SB RAS); senior researcher
Yu.V. Patrushev (Insitute of Catalysis SB RAS) for help in carrying out and discussing the results of research.
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H.. Konsuios

Monronusiaarbl TaBaH-Tosiro KeH OPHbI TAC KOMIPiHIiH TEPMUSIIBIK bIIBIPAY
OHIM/IepPiHiH XUMHSIIBIK, (Pa3aJbIK KypaMbl MeH KacueTTepi

Makanana Monronusaars! TapaH-ToJroil keH OpHbI TaC KOMipiHIH TEPMUSIIBIK bIIBIPAY HOTHKECIH/IE TY3UIreH
OHIMIEpiHIH — KOMIipIiH TePMHSIIBIK bIAbIPAY KATThI KAIABIFbL, IIAHBIPIIBI GPAKIMSICH, CYHBIK KOHIEHCAT
JKOHE KOHJICHCATTaH OOJIHIeH OpraHUKAaNbIK (DPaKLUHACHIHBIH XUMUSIIBIK, (ha3alblk KypaMIapblH 3epTTey Ho-
TIoKenepl kenTipinred. OnapapH KypaMaapsl, TY3UTy XeoHe (a3anblk TYpIeHyiHIH TeMIepaTypaiapbl aHbIK-
tanabl. KaTThl Kanjablkra a3jaraH MeJIIepAe apoMaTThl KemipcyTekTep, 3¢Gupii TomTap MeH (deHoinmap
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KaJIBIKTapb! Kanazabl. JKeH1 KaliHaHThIH KOHAEHCAT KYpaMblH/la OpraHUKalIbIK KoMrnoHeHTTeH (~1 %) Typa-
TBIH CYJIBI pPITIHAIHI — KCTPAKT IeH MAHBIPIIbl ppaKius KaAbIKTapsl Kypaiiasl. KongeHcar skcTpakTsl de-
HOJI )KOHE OHBIH TYbIHJbUIApbIHAH Typassl. LLaibipiasl Gpakuuscel KeHIIKaiHARTBIH MaiiapaaH skoHe (asa-
JIaH TypaJbl, OJ1 TEPMHSUIBIK KacueTTepi OOibIHIIA acdanbTeHaepre KaKblH, OHbIH Kypambl 70-ke KybIK opra-
HUKAJIBIK 3aTTaH TYPAjbl, COHBIH IIIiHAE KaHBIKKaH KeMipcyTekrep (~40 % XKybIK), apOMaTThI JKOHE KOTIs/-
pouibl KemipcyTekrep: 6eH3ou1, HadTaauH, (eHAHTPEH, TONeH TYBIHABLUIAPHI MEH (EHOJI )KOHE XOJIECTEeH Kall-
JBIKTapbIHAH TYPATHIH/IBIFBI QHBIKTAJIIBL.

Kinm ce30ep: da3zanbik biapipay, KaTThl TYHOA, MIaNbIPIIbl (paKiusi, KOHASHCAT, BO3TOHAAP, KOHICHCATTHIH
OpraHuKaibIK (a3achl

H.. Konsuios

Xumn4yeckuiu, pazoBblil COCTAB U CBOMCTBA MPOAYKTOB TEPMUYECKOI0 PA3JI0KEHUS
kamMeHHoro yriust Tapan-Touroiickoro Mmecropoxaenuss MoHroiuu

TIpuBeneHbI pe3ysIbTaThl HCCIIEAOBAHMS XUMUYECKOT0 U (ha30BOr0 COCTaBa MPOLYKTOB TEPMHUUYECKOTO Pasiio-
JKeHusi kKaMeHHoro yriisi TaBaH-Toroiickoro MectopoxaeHusi MOHronuu: TBEPIOrO OCTaTKa TEPMUUECKOTO
pa3ioXKeHus yriisi, CMOJIMCTOM (hpaKLiH, )KUAKOrO KOHJIEHCAaTa 1 BbIICICHHOH U3 KOHJIEHCaTa OpraHnYecKoi
¢pakiuu. OnpeneseHbl HX COCTaBbl, TEMIEPaTypbl 0Opa3oBaHus ¥ (a3oBbIX mpeodpasoBanuil. B TBEpIOM
OCTaTKe B HEOOJIBIIOM KOJIMYECTBE COXPAHAIOTCS PEIMKTHI QpOMATHYECKHUX YITIEBOIOPOJOB, d(GUPHBIC IPYIIIIbI
U (eHoubl. JICTKOKMIIINK KOHAEHCAT NPEICTABISAET BOJHBIA pacTBOp ¢ HEOObIION npuMeckio (~1 %) opra-
HHMYECKOI'0 KOMIIOHEHTa — 3KCTPAKTa U CJIE/bl CMOJIUCTOH (hpakuuu. DKCTPAKT KOHASHCATa B OCHOBHOM CO-
JEpXKUT GEeHOI U ero npou3BoHbIe. CMOIHCTas! (HpaKIKs COACPIKHUT JICTKOKHUILAIIME Macia U (asy, 1o TepMHu-
YEeCKHUM CBOHCTBaM ONHU3KYy0 acdaiibTeHaM, BKIrOYatomieil 10 70 opraHMYecKHX BEIIECTB, C MpeodialaHueM
(~40 % OTH.) mpenebHbIX YIIIEBOAOPOIOB, HATHYUS PA3IMYHBIX TPYIIT APOMATHYECKUX U MHOTOSICPHBIX yT-
JIEBOIOPOJIOB: MPOM3BOHBIX GeH301a, HadTaINHOB, PEHAHTPEHOB, FOIIEHOB, CIIe/bl ()EHOIOB M XOJIECTCHOB.

Kniouesvie crosa: GpazoBoe pasnokeHue, TBEPIbIA 0CanoK, cMoaucTas (Gpakuus, KOHIEHCAT, BO3TOHbI, Opra-
HHM4YecKast (paKiys KOHAEHcaTa.
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A comprehensive review of polymer and alkaline/surfactant/polymer flooding
applied and researched in Kazakhstan

Polymer flooding and alkaline/surfactant/polymer flooding have been applied throughout the world for more
than 30 years. However, they were not as popular as other types of enhanced oil recovery methods such as
thermal methods and gas injection in Kazakhstan. To date, the polymer and alkaline/surfactant/polymer (ASP)
flooding processes have been applied successfully in several Kazakhstan oil fields due to technology progress
and changes in chemical costs and successful polymer and ASP flooding experiences in the world. This paper
shows application of chemical enhanced oil recovery methods in several oil fields in Kazakhstan, where pilot
on-site experiments and core flood tests on chemical flooding methods were carried out. The paper describes
the latest pilot tests on polymer flooding in oil fields such as Nuraly, Zaburunie and Kalamkas, where polymer
flooding alone contributed approximately 150 000 tons of produced crude oil. Several ASP floods also have
been tested in local fields. Laboratory researches were carried out in core samples of Eastern Moldabek and
Karazhanbas oil fields. Increase in oil recovery up to 80 % have been reported, however pilot tests have not
been implemented yet. This paper discusses researches conducted in these fields including field / laboratory
results, methods of flooding, polymer types and concentrations used.

Keywords: oil fields, pilot test, polymer flooding, recovery factor, concentration, water cut.

Introduction

The use of chemical flood is not a new technology in enhanced oil and gas recovery methods in local
fields. However, recently oil companies in Kazakhstan express their interest in this type of tertiary method
again, due to technology progress, changes in chemical costs and successful polymer and ASP flooding in the
USA, China and Russia. Several chemical enhanced oil recovery methods such as polymer and ASP flooding
are used and are planned to use in Kazakhstan. These methods are based on interfacial tension reduction be-
tween oil and water contact, increasing water viscosity as a result improving oil mobility.

Polymer flooding has been applied in Nuraly, Zaburunie and Kalamkas fields. Because of the high water
cut in these fields, primary goal of polymer flooding was reduction the amount of water being produced with
the oil, while increasing the recovery of the original oil in place. Addition of polymer increases the viscosity
of aqueous phase, bringing it closer to that of the heavy oil in place, consequently, decreasing water mobility.

With the polymer flooding ASP flooding is also included to the experiments. Core flood tests on ASP
flooding were conducted on core samples of Moldabek and Karazhanbas fields. This type of chemical method
integrates the advantages of alkali, surfactant and polymer use. Adding surfactant reduces interfacial tension,
injecting alkali results in wettability alteration. Alkali with dilute surfactant solution can change the wettability,
the alkali can reduce the surfactant adsorption. Polymer in ASP acts as the mobility control agent. The combi-
nation of alkali, surfactant and polymer effects enables ASP process a great potential for enhanced oil recovery.
Core flood tests showed optimistic results.

Pilot on-site experiments

Nuraly field

Pilot on-site experiments were carried out on Nuraly field. Polymer flood pilot was started on June 2014.
Two injection wells and eight reacted production were used for the polymer application. Location of wells and
polymer pilot area are shown in Figure 1.

Field information

The proven oil resource is estimated at 2,712,500 tons, reservoir is located on South Torgai basin, thick-
ness varies in between 3.4 to 24.2 meters. Reservoir is characterized by layered, fissured, heterogeneous sand-
stone. The reservoir porosity is 22—24.5 % and permeability intervals are in the range of 2 to 2200 md. The
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field produces light oil (API 40°) with paraffin and asphaltine compounds. Oil production was started in 1996
and water cut before polymer flooding reached 90 % [1].

Figure 1. Pilot test area on Nuraly field

Experimental

The Nuraly polymer core flood study was conducted under reservoir conditions with objectives of screen-
ing and evaluating suitable polymer and its concentration for the field application. The results of the study
showed 10 % increase in oil recovery. After the study it was decided to fill 30 % of pore volume of the reservoir
starting from higher concentration slowly lowering it. Therefore, from September until December 2014 the
injected polymer concentration was decreased from 6000 ppm to 3000 ppm for well No. 26 and from 4000 ppm
to 2000 ppm for well No. 106. Detailed information about results is given in Table 1.

Table 1
Program of the polymer flooding in Nuraly field
Concentration . . L .
Viscosity Injection rate, Cumulative
Date Days of polymer of polymer, cP m’/day Polymer polymer
FP5205VHM (ppm) ’ (tons)
Well 26 | Well 106 | Well 26 | Well 106 | Well 26 | Well 106 (tons)
Stages of polymer injection
23.09-30.11.2014 | 70 6000 4000 135 53 130 90 84.14 140.80
01.12-09.12.2014| 9 5000 3000 89.2 28.4 130 90 8.76 149.56
10.12-14.12.2014 | 5 4000 2000 50 9.75 130 90 3.72 153.28
15.12-31.12.2014 | 17 3000 2000 28.4 9.75 130 90 10.44 163.72

For this period of time additional oil recovery was 7005.5 tons. Two wells No. 28 and No. 66 were added
to the polymer injection in 2016. Overall, the polymer pilot has been in place for over three years and incre-
mental oil recovery of 92551.4 tons has been obtained on September 2017. Experiment will continue before
30 % of pore volume is filled with polymer.

Zaburunie field

The field is at the final production stage. Therefore, engineers are trying to recover as much as possible
of oil original in place (OOIP). Recoverable reserves are estimated at 7065 thousand tons. Before the polymer
flooding water cut was 90 %, daily oil production was 5 tons per day [2].

Field information

In this section, we consider only the part of Zaburunie field, where polymer test was applied. Polymer
was injected in Neocomian II division, covering 2573 thousand square meters. Reservoir is represented by
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sandstones, aleuritic and shale deposits with an average net pay 17 meters. The test area has an average porosity
of 30 % and permeability reaches maximum value of 2000 md.

Experiment

Pilot on site experiment started on November 22, 2014. The pilot area had 2 injection and 38 reacted
production wells. Several polymers were screened on core samples to find the suitable type for reservoir char-
acteristics. In the experiment 4 types of polymer were tested, they are FP 5115 SH (green line), FP 5115 VHM
(blue line), FP 5205 SH (red line) and FP 5205 VHM. Relation of viscosity and polymer concentration were
found and based on results Flopaam 5205VHM polymer was chosen to the pilot test. Results of the experiment
are shown in Figure 2.

200
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e FP 5115 VHM
150 _o-rps2058H

iy FP 5205 VHM
125

100
75
50
25

0
Oppm pp PP 3000ppm 4000ppm 5000ppm

Figure 2. Relation of viscosity and concentration

Different slug process was designed in the following way:

— The concentration of the polymer in the two injection wells increased during the first 15 days from 500
to 1000 ppm in order to track formation response, well reactions for polymer injection, changes in wellhead
and bottom hole pressure of injection wells and operation of all units and assemblies.

—As soon as a stable injection volume was established, the injection continued at the required concentra-
tion of 2000 ppm.

— Then injection of the polymer at a concentration of 1000 ppm was followed for the next 110 days.

— In the last 50 days of polymer injection, concentration decreased to 500 ppm.

Detailed program of the polymer flooding is shown in Table 2.

Table 2

Program of the polymer flooding in Zaburunie field

Concentration Viscosity Max injection rate Pol C lati |
Days of polymer of polymer (m*/day) otymer umuiative polymer
FP5205VHM (ppm) (cP) Well 11 | wellss | (om9) (tons)
1% stage. Pilot on site experiment (6 month)
5 500 2.5 205 200 1.11 1.11
5 750 4 205 200 1.67 2.78
5 1000 6 205 200 2.23 5.01
169 2000 21 205 200 150.58 155.59
2" stage. Industrial application (3 years)
936 2000 21 205 200 833.98 989.57
110 1000 6 205 200 49.01 1038.57
50 500 2.5 205 200 11.14 1049.71

In about a year of the experiment increase in oil production was about 19 086 tons of crude oil and water
cut decreased from 87 % to 82 %. Permeability declined to 30 % after the polymer injection. This project is
now on industrial application stage. For the period of 2014-2017 an incremental oil recovery is estimated at
89 tons. To the next year of 2018 it is planned to increase the number of injection wells from 2 to 6. Following
wells will be added to the polymer flooding area (Fig. 3) No. 14, 48, 42, 34,
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Figure 3. Pilot test area on Zaburunie field

Kalamkas field

The field was discovered in 1976 and the primary production in the field began in 1979. In 2004 oilfield
achieved first 100 million tons of crude oil produced [3]. The proven oil resource is estimated at 207883 thou-
sand tons. Field produces a medium viscous oil (API 24°, oil viscosity varies 11.5-21.2 cp) with paraffin and
Sulphur compounds [4].

Field information

The field is located on the Buzachi Peninsula in the western part of Kazakhstan.

The reservoir depth is 500—-1000 meters, deposit is a complex combined type of massive reservoir with a
single hydrodynamic system (reservoirs are combined into one powerful oil and gas reserves). Productive
layers are characterized by the terrigenous deposits [5].

Experiment

This field is the pilot test as well. The polymer slug was injected on September 27, 2014. For the polymer
program, 2 injection wells (No. 2041, 2049) and 21 reacted production wells were chosen. In about a half of
the year increase in oil production was about a thousand ton of crude oil and water cut decreased to 3 %. One
more well No. 1580 was added to polymer test in March 2015 and an industrial application is planned before
2020 with 6 % predicted increase in oil recovery. In the history of this oilfield there was a polymer flooding
in yearly 1983 and it was a successful project with additional 53920 tons of produced oil [6]. Operating com-
pany of the Kalamkas field «Mangystau munaigasy» plans to expand polymer flooding to the field «Zhetybai».

Laboratory researches

After these experiments of polymer flooding, chemical enhanced methods are taken into account as al-
ternative production on the latest development stages on the other local fields. For example, several ASP la-
boratory flood tests were conducted in Eastern Moldabek and Karazhanbas oil fields.

Karazhanbas

Karazhanbas oilfield is located at Buzachi peninsula. It was discovered in 1974 and put into the produc-
tion in 1980. The reservoir is multi-layered, oil accumulations were discovered in six Lower Cretaceous layers
(A1, A2, B, V, G, D) and in two upper Jurassic formations (U-1, U-2). Karazhanbas crude is high viscous oil.
It has high-sulfur and resin content.

Experiment

For sand pack filtration experiments, crude oil with 926 kg/m?® density and 300mPa sec viscosity was
used. Models in the experiment were 8.6 cm in length, 4.3 cm in diameter with average permeability 6 Darcy.
All filtration experiments were conducted by using «UIK-S(2)» apparatus for cores investigation (Russia). To
investigate the oil displacement efficiency by using ASP formula, several experiments with varying concen-
trations of CROHDA-MAA (0.5 %; 0.25 %; 0.125 %) dissolved in KOH solution were conducted. Results of
experiment were optimistic showing decrease in water cut on 50—60 % in all models. Oil displacement coeffi-
cient varied from 0.3 to 0.35, maximum was reached by solution with concentration of CROHDA-MAA
0.5 % [7].
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Eastern Moldabek

Eastern Moldabek is a part of the Kenbai oil and gas deposits. Production was started in 1999. Ten pro-
ductive layers which are characterized by Cretaceous and Jurassic layers were included to the production stage.
The reservoir is terrigenous, porosity is about 30—34 % and produced oil is highly viscous with sulphur and
paraffin compounds [8].

Experiment

For the filtration experiment, 4 core samples of Eastern Moldabek field, crude oil and model of the pro-
duced water were used. Core samples had porosity about 22—27 % and different permeability values ranged
between 393-2370 md were used. The aim of the experiment was to compare polymer and ASP flooding and
determine the effective one for this field. Based on geological characteristics of the field FloPaam 5205 poly-
mer with concentration 2500 ppm was chosen. Experiment was conducted at reservoir conditions, for which
the PLS-200 system with 4 coreholders was applied. Results of the experiment showed increase in oil recovery
up to 68 % in both cases, in polymer and ASP injections.

The results of filtration experiments in Eastern Moldabek and Karazhanbas fields were successful and for
both of these fields they can be considered as enhanced oil recovery method.

Conclusion

Overall, the application of polymer flooding in all three oilfields showed optimistic results on increasing
additional oil recovery and decreasing water cut. However, it is too early to make a decision on economic
profitability of the projects. Nevertheless, these site experiments help to progress enhanced oil recovery meth-
ods and give experience to improve polymer flood technology, including the development of the project, de-
sign of polymer type and concentration to better fit reservoir characteristics in order to maximize economic
returns.

The authors would like to express their sincere appreciation to management of LLP SRI
«CASPIMUNAIGAS» for provided information.
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A K. Haykenosa, H.J[. Capcenbekos, b.E. bex6ayos

Ka3akcTaH KeH OpbIHAAPBIH/A OTKI3IITeH NoJuMepJIik kaHe noaumep/BA3/ciari
CYJIAHABIPY O0AFBITBIHAFBI 3epTTey/Iepre Kemenai oy

Makasnazna Ka3aKCTaHAbIK MYHal KeH OpbIH/IapbIH/A KOJIIAaHbUIFaH OJIMMEPIIiK CyJIaHbIPY 9liCTEPiH 3epTTey-
Jepi MEH OHBIH HOTIXKenepi KapacTeippuirad. Hypaisl, 3a0ypyHbe jkoHe Kagamkac keH OpbIHAApbIHAAFbI
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TOKIpUOeNi-KaCimuIiniK cpiHay cunarTanabl. OChbl KeH OpbIHIApPBIH/A TOHKIPUOETIK-OHEPKICINTIK ChIHAKTAP Ke-
3eHiHJe KOolHay KabaTKa MoJIMMepIIiK acep eTyAiH eceOiHeH KOChIMILA OHAIPIITeH IHKiI MyHai KeJieMi 1aMa-
meH 150000 T kypanpsl. Conpaii-ak aropiap noiumepai BA3 sxoHe cinTijiepMeH KOMOWHAIMSAAFbI ePiTIHMI-
JIepiMeH KepH/IiK MaTepraliap bl CyJIaHIbIpy OOibIHIIA 3epTXaHaNBIK 3epTTeyiepre TokTanFat. [IIsrbic Moi-
nabex sxoHe KapaxkanO6ac KeH OpbIHIapbIHBIH KEPHAIK YIriIepiHe KoiHay KabaT sKaf JaiibIH/Ia SKCIEPUMEHTTED
kKyprizinai. Cysriigik 3epTreynep HOTHKeIepl ONTUMHCTIK OOJBIN CaHaIabl, MAKCHMAJIIBI BIFBICTBIPY KO-
¢unmenti 80 %-ra neiiin apTThl. XKoFapeia aTanFaH 3epTTeyJiep ChIHAK OTKI3UINeH KeH OpBIHIapBIHBIH Te0JI0-
THSUIBIK KbICKAIIIA AEPEKTepi, MOJMMEPIIi JKOHE apaliac CyJaHIbIpy OariapiiaMachl, aiilallaHbUIFaH OoJUMep
TYPi MEH KOHLIEHTPALMSIChI KOPCETiJIe OTHIPBII OEPIJreH JKOHE COHFbI CHIHAKTAPIBIH HOTIKENEPI KeTipireH.

Kinm ce30ep: myHail-keH OpBIHAAPBI, TOKIPUOENIK-OHEPKSCINTIK ChIHAK, TOJMMEPMEH CYTOFBITY, KOMOWHA-
LUSUIBIK CYTOFBITY, HTEPrilITIK KO QUIMEHT], KCHOPHBIHBIH CYJIaHFaH/IBIK KOPCETKII, KOHIIEHTPALHsI.

A.X. Haykenona, H./I. Capcenbekos, b.E. bekbayos

KommnuiekcHbIi 0030p uccieoBaHuii Ha MecTopoxaeHusax Kazaxcrana
no nojimmMepHomy u [TAB/me04b/moIMMEPHOMY 32aBOITHEHUIO

B cratbe npencraBieHb! HCCIETOBAHMS M PE3YIBTATHI UX MOIUMEPHBIX 3aBOJHEHHH, IPUMEHEHHBIX HA HE(PTSI-
HbIX MecTopokaeHusax Kazaxcrana. OnucaHbl ONBITHO-IPOMBICIIOBBIE MCIIBITAHUS Ha MecTOpoxaeHusx Hy-
paibl, 3a0ypyHbe u Kanamkac. Ha gaHHBIX MECTOPOXKICHHSX TOJIBKO 3a CUET MOJIMMEPHOTO BO3JICHUCTBUS Ha
IUIACT JIOTOJIHUTEIBHO 100bITo prou3uTeasHo 150000 T chipoit HeTH 3a epro/1 ONBITHO-IPOMBILIIICHHBIX
ucnbitanui. Taxke aBTOpaMu NPOBEAEHB! 1a00PaTOPHBIE UCCIEI0BAHNUS 110 3aBOJJHCHHUIO KEPHOBBIX MaTEpH-
QJIOB PacTBOpaMH MOJNMMepa B KOMOHMHAIMHK ¢ pacTBopaMu ITAB u menoun. DKcriepiMeHTH IPOBOJMINCE B
TJIACTOBBIX YCIIOBUSIX, IPUMEHSUIICH KEPHOBBIE 00pa3isl MecTopoxaeHui Boctounsrit Monnabex u Kapaxan-
6ac. Pe3ynbraThl GUIBTPALIMOHHBIX UCCIIEAOBAHUN CUUTAIOTCS ONTHMHUCTHYHBIMH, MaKCUMAJIbHBIN K03 H-
LUEHT BbITecHeHUs yBemmumics 1o 80 %. IlepedncieHHbIe BBIIE MCCIIEIOBAHUS IPHUBEACHBI C YKa3aHUEM
KPaTKUX I'€0JIOTMYECKUX JAaHHBIX MECTOPOXKICHHH, MPOrpaMMbl HOJMMEPHOIO ¥ KOMOMHUPOBAHHOTO 3aBOJ-
HEHM$1, KOHLEHTPALIMK ¥ THUIIA IPUMEHAEMOTr0 II0JIMMEpa, a TAKKE JAaHbI IOCIESIHUE PE3yJIbTaThl UCIIbITAHUH.

Kniouegvie cnosa.: HeTsHBIE MECTOPOKACHHS, ONMBITHO-IPOMBIIUICHHbIE HCIBITAHHUS, TIOJTUMEPHOE 3aBOJHE-
HHE, KOMOMHHPOBaHHOE 3aBOAHEHUE, KO3()(OULUCHT BBITECHEHHS, 0OBOJHEHHOCTD, KOHLICHTPALIUSI.
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The optimization of device parameters for the separation
of oily mixtures by sedimentation

Theoretical studies of optimal sizes of sedimentation equipment for water treatment polluted with oil residues
and industrial effluents were carried out, and design and operation experience were analyzed. Thus, it was
determined that wastewater treatment issues in cities and towns characterized by high productivity were mainly
investigated. Oily water formed during the liquidation of emergency oil and petroleum spills is treated at local
treatment facilities with low cleaning capacity and specific design and operation features. The effective solution
approach to treat oily mixture by sedimentation was proposed. Algorithm was developed to optimize parame-
ters of sedimentation equipment for oily mixture treatment which determines optimal sizes of sedimentation
equipment providing the most effective oily mixture treatment at minimum cost of material for equipment
fabrication. The proposed algorithm for calculation of sedimentation equipment parameters is based on search
and selection of optimal equipment capacity and can be used to calculate rectangular equipment size. Thus, due
to the above theoretical studies, a method for calculation of sedimentation equipment optimal size was proposed
to be used in optimal equipment design for oil mixture treatment.

Keywords: water treatment, oily mixture, sedimentation, sedimentation equipment, optimization, oily mixture
treatment by sedimentation, equipment optimal size.

Introduction

Experience relating to the design and use of sedimentation devices for the separation of water from in-
dustrial sources is described in many research works, for example in [1-4]. Most of this experience relates to
facilities for the separation of waste water from cities and other populations centres, which are characterized
by high productivity.

The separation of water which contains oil, which has resulted in the process of sedimentation accidental
spills of oil and oil products, is carried out using local waste water treatment facilities, which have a low
through-put, and the design and operation of which have their own peculiarities. For example, treatment facil-
ities may be floating [5] or vehicular platforms.

An approach to the optimization of device parameters for the treatment of oily mixtures by sedimentation
has been proposed. The algorithm proposed for the calculation of sedimentation device parameters can be used
for the calculation of dimensions of rectangular cross-section devices.

Materials and Methods

The process of separation by sedimentation is based on the separation of the oil and oil product particles
from the rest of the water being purificated, under the action of the force of gravity — G, and the Archimedes
force — A. The force resulting from these 2 forces, the force F, which is equal to the vectoral sum of these
forces, determines the movement of the impurity particles. In addition to the force F acting on the moving
particles, there is also another force, S, water resistance, which is constant for the particles in the process under
investigation [6]:

S(t) = —kv(1),
where £ is the coefficient of proportionality.

The main parameter describing the process of separation of the particles from the water being purified is
the velocity of movement of the foreign particles v. This velocity can be determined by analysis or experimen-
tation.

The following formulae for determining the velocity of movement of the foreign particles are identified,
resulting from analysis of the equations of motion of these particles [3, 6]:
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dv nd’
m—=—kv+
dt
where m is the mass of the oil product particles; v is their speed; k = 3ndn is the coefficient of proportionality;
n is the medium viscosity (i.e. of water); d is the size of the oil product particles; Ap is the difference in density
between the water and the oil products.
Analysis of the equations of motion shows that, independent of the initial velocity vy, the movement of
the particles very quickly becomes steady with a uniform velocity of v,,:
_C _gpy’
"o 18
Taking into account the direction of flow of the purified water, the velocity v, of the movement of the

gAp,

v

oil product particles shall equal V, :\_/p, +V,, where v, 1s the velocity of flow of the purified water.

For horizontal single-flow sedimentation devices, in which the flow of purified water moves horizontally,
the velocity v, of movement of the impure oil product particles can be calculated using the formula:

_ 2 2
v, =4V, V.

For vertical single-flow sedimentation devices, in which the flow is downwards (upwards), the velocity
vy 1s determined by the formula:

V=V, =V, (1, =V, V).

The well-known principles [4, 7] are fundamental to calculations for the sedimentation devices for local
water treatment facilities, in connection with which the required volume ¥ of the device is determined by the
conditions

At=t,—1,20,
where ¢, is the time that the water being purified is inside the sedimentation device; #, is the time that it takes
for the oil product particles to rise to the upper part of the sedimentation device, that is to separate from the
purified water.

For cylindrical forms of sedimentation devices of a vertical nature with a diameter D and height H

. nD’H

v 4 Q *

For horizontal sedimentation devices with a rectangular cross-section
abh
tv = .
0
The time of movement of the oil product particles for cylindrical and rectangular cross-section sedimen-
tation devices accordingly equals

H h
Li=—and; = —.
Vn v,

Results

As a result of the research which has been carried out, the following sequence of calculations is proposed
for the calculation of the dimensions of sedimentation devices, for example for devices having a cylindrical
form.

Using the known relationship ¢, =¢, or Y _H it becomes possible to propose a formula for the deter-

Vh
mination of the volume V of the sedimentation device:

OH

v h

The required volume V" of various containers can be achieved with various relationships between the
dimensions [6, 8]. Taking into account the fact that the existing methods for calculating dimensions of sedi-
mentation devices do not give sufficiently sound recommendations for the determination of their optimal di-
mensions [4, 9-11], we can use the above mentioned characteristic of geometric shapes to determine the opti-
mal ratio of dimensions for sedimentation devices.
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The results of the calculation show that the surface area S of the device for various ratios of dimensions
of the device without variation in its volume /" will have varying values.

For this calculation, in this paper we are proposing an algorithm consisting of the following basic steps:

1. The diameter of the sedimentation device D is given;

2. Using the formula H = 4V2

the height H of the sedimentation device is calculated;

3. Using the value of D which is given and the height H of the sedimentation device which is derived in
2

’UZ }LnDH;

point 2, the surface area S of the device is determined: S = 2[

4. For different diameters D of the sedimentation device, points 2 and 3 are repeated and a range of values
for § are calculated for various values of D and H.

Discussion

Figure 1 shows the results of calculations for the surface area S for cylindrical sedimentation devices
within the limits of a volume ¥ from 0.25 to 2.0 m® [12]. An analysis of the results shows the occurrence of
minimal values for surface area S in the size range under consideration. The minimal value of the surface area
S corresponds to minimal cost of materials.

However, a more objective indicator of the cost of materials for the production of sedimentation devices
is the volume of materials B. Taking into account the thickness of the device walls, and also the presence of
rigidity or other such factors in construction, it is possible to calculate the volume B of materials required for
various values of D and H.

Results for the calculations of the volume B of materials used in production, taking into account the
thickness of the materials and the presence of elements of rigidity are shown in Figure 2. Calculations of the
value of B were carried out for devices with a volume V ranging from 1.0; 2.0 and 4.0 m®. Analysis of the
results of the calculations shows the occurrence of minimal values of the volume of material used in produc-
tion. It is evident that the size of the sedimentation devices which results in a minimal value of B should be
used.

B=AD)
60
5=fD) L
45
18 :
* 40 \ 1,
16 \ =4.0 m /
14 \' . 33 |
A /’ B 30 ‘ /
e 7 o <
A \ -+ I :0.251%3 = .
10 = ~
\ \\\___0___,/ = L3= 0.5 r;l 5 ‘
. == 5= 1m 20 =2 0m?
8 AN L~ &= 2m’ T: e ~
P 15
P — |
p e 10 . =10 m’
// { = L L
) 0
LY 0.5 1 15 2 0 1 1
D, m3 D,m
Figure 1. Changes in the surface area Figure 2. Changes in the volume of materials
of sedimentation devices used in the production of sedimentation devices

The optimal dimensions can be determined as follows: Using the relationship B = f (D), constructed for
the required volume V; the value of the diameter D, can be determined for which B will have a minimum value.
Using the value for diameter D which has been thus determined and the formula shown above (point 2 of the
algorithm) to calculate the height H a new value can be calculated.

Calculations show that the relationship D/H for the range of dimensions under consideration, can have a
value from 0.79 to 1.57. For values of D/H <1 a horizontal sedimentation device with a cylindrical form is
recommended, and for values of D/H > 1 a cylindrical sedimentation device should be used vertically.
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Conclusion

As a result of the theoretical research, which is laid out in this paper, we have been able to propose an
algorithm and calculation methods for the computation of optimal dimensions for sedimentation devices,
which can then be used in their design.

In this way, according to the research results, this paper has proposed a method for the optimisation of
device parameters for sedimentation devices, which allows for the determination of the optimal dimensions of
sedimentation devices, ensuring the most effective working regime for the treatment process while minimising
expenditure on the materials used to produce the device.
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CenuMeHTanMsAIay apKbLIbI MYHAICYy KOCIIACHIH Ta3a/1ayFa apHAJIFaH
KYPBLIFbLIAP KOPCETKIITEPiH OHTAWIAHIBIPY

MyHaii KaJIIBIKTapbl MEH OHIPICTIK aFbIHIAPBIMEH JIACTAHFaH CyJIap/IblH Ta3anayFa apHajIFaH CeAMMEHTALHs-
JBIK KYPBUIFBUIAP OJILEMICPiHIH OHTAMIbI MOHJCPIHE TEOPHSUIBIK 3epTTeyiep kyprisiired. Cyapl Tazanay
YIIIH CeUMEHTALMSIIBIK KypbhUIFanap/pl xkobanay MeH naijanany TokipuOeci TanfaHbI, HEri3iHeH, YIKeH
OHIM/IUTIKIICH CUMATTAJIaThIH KaJlalap MEH TYPFbIH JKalIap/bIH aFraThlH Cy/bl Ta3apTy CYpPaKTaphl 3epTTeIreH]
aHpIKTasIFaH. MyHali MeH MyHaii @HiMAEpiHIH anaTThIK TOTLUTICIH JKOI0/Ia Maiiaa 00JaThIH MYHal KypaM[pbl Cy-
Japsl Tasanay, e3AepiHiH epeKIIeNikTepi 0ap, oHIMI KIIIiripiM JOKaIabl Ta3apTy KYphUIFBUIAPBIHIA JKY3€re
aceIpbUIaibl. Makaiana ceAMMEeHTalMsUIay apKbLIbl MYHAIIBI Cy KOCIAChIH Ta3ajiay CYpaKTapblH THIMI eIy
TociieMeci YChbIHbUTFaH. MyYHAMIIbI Cy/Ibl Ta3alalThIH CEIMMEHTALMSIIBIK KYPBUIFBUIAP/IbIH OHTANIIBI KOJIeM-
JIepiH aHBIKTayFa MYMKIH/IIK OepeTiH jkoHe OHJail KYpbUFbLIapAbl JalbIHAAYFa KKETTI MUHUMAIIIbl MaTePHU-
anzap LIBIFBIHBIH, THIMJI Ta3ajay OPOLECiH KaMTaMachl3 €TETiH CeqUMMEHTALHSIBIK KYPBhUIFbUIAP/IBIH KOPCET-
KIIITEPiH OHTAMIAHIBIPY AITOPUTMI JKacaKTaibln, cunartanFad. CeMMEeHTALMIIBIK KYPbUIFbIIApAbIH Hapa-
METpJIEPIH ecenTeyre, alrOpUT™M KYPBUIFBIHBIH OHTAIIbl KOJIEMIH i3/ieyre *oHe TaHJal alyFa Heri3ielreH
JKOHE TIKOYpHIII popMaltbl KYPhUIFbLIAP KeJNeMAEPiH ecenTeyae KoNIaHbuTybl MYMKiH. COHBIMEH, TEOPUSIIBIK,
3epTTeyJiep HOTIKECIH/IE aBTOpJIap MYHAHIIbI Cy KOCIACHIH Ta3ajlay KYPBUIFBUIAPBIH OHTAIlIbI )xo0anay Ke-
3iH/Ie KOJIaHyFa OONaThIH, CEAMMEHTALMSIIBIK KYPBUIFbUIAP KOJIEMICPIHiH OHTAIbI MOHACPIH eCenTey Toci-
JIiH YCHIHFaH.

Kinm ce3dep. cynpl Tazanay, MyHAIBI Cy KOCTIACHI, CEUMEHTAIISIIAY, CEIUMCHTAMSIIBIK KYPBUIFBI, OHTal-
JIaHABIPY, CEAMMEHTAIVSIIAY apKbUIBI MYHAIIIBI Cy KOCHACHIH Ta3ajay, KYPhUIFBIHBIH OHTAMIIB OIIIeMAepI.
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B.b. Opas6aes, JI.T. Kypmanrasuesa, I'.K. [llamOunoBa, A.A. Mypar6exoBa

OnTuMu3zanus napaMeTpoB YCTPOIMCTB A OUYHCTKH
He(pTeBOASTHOM CMeCH ceJUMEeHTalM el

IIpoBeneHsl TeopeTHUECKHME HCCIECAOBAHMS ONTHMAIbHBIX 3HAYEHHWH pPa3MEpOB CEAMMEHTAI[MOHHBIX
YCTPOICTB, NpeJHA3HAYEHHBIX JUIS OYUCTKH BOJIBI, 3arPs3HEHHOH HEQTAHBIMU OCTaTKaMU, ¥ IIPOMBIIUICHHBIX
cTokoB. [IpoaHanu3upoBaH ONBIT MPOEKTUPOBAHHSA M SKCIUTyaTallMM CEAUMEHTAllMOHHBIX YCTPOICTB IS
OYHCTKH BOJIbI, OTIPEENIEHO, YTO, B OCHOBHOM UCCIIEI0BAaHbI BOIPOCHI OYUCTKU CTOYHON BOJIBbI TOPOJIOB U HACe-
JICHHBIX ITYHKTOB, KOTOPbIE XapaKTepU3yI0TCcst O0NbILOI Ipon3BoauTeasHOCTbI0. OuncTka Hedreconepkanieit
BOJIBI, 00pa3yIOIEeNcst IPH JIMKBUAAIMY aBAPUIHBIX PAa3IUBOB He(TH 1 HE(PYTEIPOIYKTOB, OCYIIECTBISIETCS HA
JIOKaJIbHBIX OYHCTHBIX COOPY’KEHMSX C HEOOIBIION MPOU3BOIUTEIBHOCTHIO OUHCTKH, IPOEKTHPOBAHUE U IKC-
TUTyaTanys KOTOPEIX MMEET CBOM CIelu(pHIeckue 0COOEHHOCTH. B cTaThe npeanokeH moaxon K 3¢ GeKTus-
HOMY PELIEHHIO BOIIPOCOB OYMCTKH HE(TEBOASHON CMecH celuMeHTanuel. Pa3paboTan 1 ommcaH anroputM
ONTHMU3ALIH [TapaMETPOB CEUMEHTAIIMOHHBIX YCTPOUCTB VISl OUMCTKH HEPTEBOASHOI CMeCH, KOTOPBIH M03-
BOJISIET OIPEJEIUTh ONTUMAJIbHBIE Pa3Mepbl CEIMMEHTALMOHHBIX YCTPOICTB, 00ecreYnBaloIX Handomee 3¢-
(EeKTHBHBIN PEXKUM IIPOLIECCA OUUCTKU HE(PTEBOSIHON CMECH P MHUHMMAJIBHBIX 3aTPaTax Ha MaTepua ajs
U3rOTOBJIEHMSI yCTpoHCTB. [IpennoskeHHbIH alropuTM pacyera napamMeTpoB CEIMMEHTAMOHHBIX YCTPONCTB
OCHOBaH Ha IIOHUCKE M M0100pe ONTUMAJIBHOTO 00bEMa YCTPOHCTBA U MOXKET OBITh HCIIOJIBb30BaH 11 pacyeTa
pa3MepoB yCTPOHCTB IPSIMOYTOIbHOH (opMbl. Takum 00pa3zoM, B pe3ysIbTaTe TEOPETUIECKUX HCCIETOBAHUN
B HacTosmed paboTe IpeuIoKeH METOJ pacdeTa ONTHMAIBHBIX 3HAYEHHWIH pa3MepoB CEAMMEHTAIIMOHHBIX
YCTPOMCTB, KOTOPBIII MOXET OBITh MPUMEHEH NPH ONTHMAIBHOM IPOSKTUPOBAHUN YCTPOUCTB UL OYHCTKU
HEe(QTEBOASHOI CMeCH.

Knrouesvie cnosa: ounctka BO/JHbI, He(bTeBOI[S[HaS[ CMECh, CEAUMMEHTAaNUA, CCAMMCHTAllMOHHOC yCTpOﬁCTBO, OoI1-
TUMU3alYsA, OYUCTKaA He(l)TeBOZ[ﬂHOfI CMECHU Ce,Z[HMeHTaL[I/ICﬁ, ONTUMAJIBHBIC Pa3MEPbL ychOfICTBa.
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Methodology and psycho-pedagogical research
in realizing profile elective course of Chemistry

The programme of the pre-profile elective course «Chemistry around us, or what you will not learn on the
lesson» was designed for 34 hours. When conducting a course at the specialized boarding school «Daryn»
among 9th grade students, the following general didactic principles were guided, namely scientific character,
accessibility, systematic, voluntary, safety, and visualization. The psychological and pedagogical diagnostics
of students for group interaction, the study of personality, the motivation for chemistry teaching process, the
study of difficulties and anxiety, as well as age characteristics, were carried out. The determination of the per-
sonality result showed a slight increase in the number of ambiverts after the elective course, and the average
psychodynamic properties score remained at the same level. Motivation to learn chemistry in the group in-
creased. Testing the control lessons and final testing in chemistry among 9-grade students showed the following
results, namely 3 students received «Satisfactory», 5 students obtained «Good», 2 students scored «Excellent.
The quality of knowledge was 70 %. On the basis of the obtained data we can draw a conclusion that the course
increased knowledge of pupils to studying of a subject.

Keywords: elective course, specialized training, laboratory work, testing, household chemicals, questioning,
motivation, students, the programme.

Introduction

The history of the development of specialized training in the Republic of Kazakhstan has for decades.
The first stage of the organization of profile education in our country was the Concept for the development of
the secondary school of the Republic of Kazakhstan (1996). The second stage of the implementation of the
idea of profile education is the realization and introduction of the State Compulsory Standard of Secondary
General Education of the Republic of Kazakhstan «Basic Provisions» (SES 2.003-2002) [1].

Subject programmes on the basis of the standard were developed in two areas of study: in natural-math-
ematical and socially-humanitarian. For the first time domestic specialized textbooks and educational-method-
ical complexes appeared. They were experimentally tested. And now they are used in 10th grade of secondary
schools.

The next stage was the State programme of 12-year education of Kazakhstan 2005-2010. The current
stage of the implementation of school education reform in the Republic of Kazakhstan can be called the stage
of preparation for the introduction of specialized education. The considerable practical experience was accu-
mulated in organizing teaching on directions and profiles. Thus, in Kazakhstan there are a conceptual and
methodological basis for improving the regulatory framework and the scientific and methodological support
for the organization of specialized training.
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The results of psychological and pedagogical research in the profile chemistry elective course «Chemistry
around us, or what you will not learn in class» are presented in this paper. The course programme is designed
for 34 hours and is intended for students of the 8—9th grade of the secondary school [2].

Aims and objectives of programme are deepening the basic knowledge of students in chemistry, increas-
ing creative activity and expanding the outlook of students, scientifically substantiate the importance of main-
taining a healthy lifestyle through:

— detailed description of substances used by humans (their classification, origin, nomenclature, produc-

tion, use, properties);

— simulation of the effects of drugs on the human body;

— imparting an applied focus of practical research work to develop students' competent behavior on con-

tact with household chemicals and cosmetics;

— the formation of skills for a healthy lifestyle;

— formation of bright visual images of chemical production.

The content and forms of the elective course should contribute to a deeper and more comprehensive
perception of the educational material of the basic course of chemistry.

Lessons in accordance with the programme of the course involve:

— repetition of theoretical issues studied in primary school, their deepening and expansion;

— application of theoretical knowledge in practice;

— familiarity with the main types of chemical production;

— teaching students for independent work using various literature.

Achievements are fixed in the completeness and correctness of the students performing tasks. The re-
quirements for knowledge and achievements of students should not be exaggerated in no case. Excessive re-
quirements generate overload and leads to the extinction of interest. The course should help students to under-
stand their interest level in chemistry and assess their capabilities, fully supported and developed through the
accumulation of assessments of individual student achievement.

Experimental

This elective course was introduced in the specialized boarding school «Daryny in Karaganda city, among
9th grade students, which is confirmed by the introduction act.

We have proposed the following sections of this programme:

L. History of chemistry — 3 hours;

II. Chemistry and production — 4 hours;

II1. Ecological chemistry and medicine — 7 hours;

IV. Household chemicals — 4 hours;

V. Food chemistry — 12 hours.

In general, 12 hours were selected for students in grade 9 (16 students).

Preliminary testing was carried out.

Test results were as following: 3 students obtained scores of «Unsatisfactory», 6 students received
«Satisfactory», 7 students scored «Good». The quality of knowledge was 44 %. This indicated a lack of infor-
mation to students in grade 9 on these issues. Students do not know the answers to such questions as:

— What scientist proved the complex composition of air?

— What is another name for acetylsalicylic acid?

— What vitamin deficiency results in form of disease «scurvy»?

After conducting the elective course «Chemistry around us or about what you don’t learn in class» at the
12th control lesson we obtained following results: 3 students received «Satisfactory», 5 students obtained
«Goody, 2 students scored «Excellent». The quality of knowledge was 70 %.

The theoretical part of the pedagogical experiment was held at the «Daryn» school. Laboratory work was
carried out at the base of Inorganic and Technical Chemistry Department of the Ye.A. Buketov KarSU. The
development of a laboratory work of the elective course is showed below.

Lesson 1. Laboratory work «Chemistry and Washing» — 1 hour [3].

Objective: to explore the properties of detergents, to continue the formation of experimental skills, to
develop the ability to analyze the results.

Experience number 1. First, take some chalk or dry egg shells. Then the shell and chalk grind to powder,
and then place it in a test tube. Then pour 10 % vinegar there.
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What should we watch? The content in the test tube will begin to sizzle and foam. Check what gas is
released during the reaction. As soon as the test tube contents begin to hiss and foam strongly, take a match
and put it inside the tube. Did the flame go out? It should be so. After all, chalk and egg shell are made up of
the same substance — calcium carbonate, which dissolves in vinegar. The carbon dioxide released during this
process does not sustain combustion, then match blows out. Write down passed reactions.

Experience number 2. Pour water up to half a clean test tube and add 8—10 drops of soap solution. After
closing the neck of the tube with your finger, shake it several times. Foam appeared in the test tube. Then pour
4-6 drops of liquid resulting from the reaction of chalk with vinegar into a test tube with soap suds.

What should we watch? The foam in the test tube will disappear and a white coagulating precipitate will
begin to stand out from the soapy water. This is the number one enemy of cleaning and washing.

Conclusion: Calcium compounds are «real thieves of soap». They not only steal soap. The resulting white
precipitate is deposited on fibrous tissues and destroys them. It was interesting that experiments showed that
after 50 washes in hard water, the strength of linen fabric decreased by 25 %, and cotton by 45 % more than
after washing (also 50 times) in soft water. What to do with hard water? After all, it is still necessary to erase!
Chemistry comes to the rescue.

Experience number 3. Let's do another experience. Pour water into test tube such that half of test tube is
filled with water and add a few drops of the solution, which we got at the beginning of experiment from chalk
and vinegar. Add half a teaspoon of soda, close tube and shake it well. After some time, the liquid will become
transparent, and small sediment will be visible at the bottom. Carefully pour the transparent liquid into another
test tube, add a few drops of soap solution and shake. Foam appears in the tube. This means that the soda has
helped: the calcium compounds have disappeared. They were isolated in the form of sediment, which settled
on the bottom of the first tube. Hence the conclusion to soften the water should always use soda.

Experience number 4. Add 10 drops of solution of chalk with vinegar to the tube containing water. We
will have transparent water which contains many compounds of calcium. Let's take any liquid detergent and
we will pour 8 — 10 drops of soap solution in a test tube with hard water.

What must we observe? Having stirred up a test tube, we will see that in it quite good foam turned out
after all. The synthetic washing substances are not afraid of hard water. Now we see that chemists do not
neglect questions of washing, and combat «thief» of soap.

For production of soap there is a large amount of animal and vegetable fats which should be saved. Now
chemists learned to do detergents of oil and coal. They are cheaper than soap and it is more convenient in use.
They were convinced what huge role is played by chemistry in washing?

Not always the person resort to washing to put clothes in order. Dresses, suits, trousers, a coat are usually
cleaned in the chemical way. However quite often it happens so that on a clean dress accidental pollution —
drops of oil or ink, juice, parts of food get. Then it is unlikely it makes sense to give clothes to a dry-cleaner.
Most often spots remove in house conditions.

Removal of spots of a grass. In free time you decided to lie down on a grass. At the same time on clothes
spots can appear. It is unpleasant, ugly to walk in such clothes. It will be better if you, do not shelve, remove
spots especially as it will not take you a lot of time. So, we start removal of spots from a grass on your clothes.
At first we will wipe a spot with solution of table salt. For this purpose previously we will prepare it: let's take
2 weight parts of table salt and 10 weight parts of clear water. We remember that fresh grass spots on clothes
disappear as well after washing by hot water. If they at the same time do not disappear, use solution of table
salt with the subsequent washing by warm water.

Removal of spots from berries. All of us, probably, like to regale in the summer on strawberry, raspberry,
currant, etc. But at the same time it is possible that you, having been fond of berries, you will soil the clothes.
How to remove spots? For this purpose try the next way: at once fill up a fresh spot with table salt, wash at
first with clear water, and then wash off in the usual way.

Removal of spots from fat. Let's put under a spot the soft rag which is easily absorbing liquid. Let's
moisten a spot by means of solvent and we will wipe it around or better from edges of a spot to the middle, at
first slightly, then stronger. After removal of spots we will wash off these places, then we will wipe with the
rag moistened with clear water.

Results of the lesson. Reflection.

Homework. Check out the laboratory work in the form of a report.
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In the course of introducing the elective course, psychological and pedagogical diagnostics of students
was conducted to study the motivation for the chemistry learning process according to the following psycho-
logical developments [4]:

— diagnosis of the structure of educational motivation of the student;

— learning cognitive difficulties;

— degree of interest in chemistry.

Below are the results of each of the ongoing psychological and pedagogical studies of students and a
comparative analysis before and after the introduction of the course.

The definition of motives was carried out according to seven parameters: emotional, cognitive, commu-
nicative, external, achievements, self-development, the position of the student.

Among these parameters, i.e. types of learning motives 3 dominant motives were identified before and
after the introduction of the elective course which are presented in Table 1.

As can be seen from Table 1, the most dominant motive in the group is emotional. The remaining motives
prevail in different degrees of significance.

Table 2 presents the dominant motives after the experiment. Here the most dominant motive in the group
is now achievements, i.e. motives have changed. The motives of the second and third place also changed.

Table 1 Table 2
Determination of the dominating motives Determination of the dominant motives
before the experiment after the experiment
Group Studied motive Group Studied motive
1% place Emotional 1% place Emotional
2™ place Achievement 2™ place Achievement
3" place Informative 3" place Informative

Thus, with the study of the course, the motives of the teachings became more serious. New motives that
students are guided by have become more suitable for obtaining high learning outcomes. When comparing the
results, it can be seen that the quantitative characteristics of each of the motives in the experimental group
before and after the experiment have changed significantly, they have increased.

In the study of cognitive difficulties, the following results were obtained: the question «What in itself
does not allow you to study well?» (Before the experiment. Fig. 1). The pupils responded as follows: 30 % of
students do not always understand the new material, other 10 % cannot find application of their knowledge in
practice, 10 % of students complain of poor memory, 20 % admit that they do not know how to organize their
classes, 20 % of students do not have enough time, and 10 % cannot be attentive for a long time during the
lesson.

@ don’t always understand the new
material

@ cannot find application of their
knowledge in practice

@complain about bad memory

Oconfessed that they do not know
how to organize their knowledge

Ostudents do not have enough time

Oi can not be attentive during
classes

10%

Figure 1. Analysis of the results of studying the internal causes of difficulties in the study group
of an experimental group before the experiment
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After the experiment (Fig. 2), the question «what doesn’t allow you to study well in yourself?» the chil-
dren answered as follows: 10 % of students do not always understand new material, another 20 % cannot find
application of their knowledge in practice, 10 % of students complain about bad memory, 30 % confessed that
they did not know how to organize their classes, 20 % of students did not have enough time, and 10 % could
not be attentive for a long time during the lesson.

10%

B don’t always understand the new
material

@ cannot find application of their
knowledge in practice

O complain about bad memory

20%

Oconfessed that they do not know how
to organize their knowledge

Ostudents do not have enough time

10% .
Ocan not be long attentive for a long
20% time
10%

Figure 2. Analysis of the results of studying the internal causes of difficulties
in the study group after the experiment

Before the experiment (Fig. 3), to the question «what kind of help do you need first of all?» 10 % of
students want to learn how to organize their day correctly, 30 % want to know more about their abilities and
capabilities, 20 % want to overcome learning difficulties, 10 % dream of learning some useful practical work,
another 20 % want to engage in sections and circles, and 10 % of students need help in studying individual
subjects.

@1 want to learn how to organize
my day
. @1 want to know my abilities and
30% capabilities
O1 want to overcome the
difficulties in teaching

O1 want to learn some useful
practical work

O1 want to engage in circles.

ONeed help in learning difficult
subjects

20%

Figure 3. The analysis of results of identification of the necessary help of experimental group
before carrying out an experiment for increase in motivation to process of the doctrine

After carrying out an experiment (Fig. 4), on the matter of 20 % of students confessed that they wanted
to be learned to be organized correctly during the day, 20 % want to learn more about the abilities and oppor-
tunities, 20 % wish to overcome difficulties in the doctrine, 20 % dream to learn some useful practical business,
20 % wish to be engaged in sections and circles.
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20% E 1 want to learn how to organize

my day

@1 want to know my abilities
and capabilities

O1 want to overcome the
difficulties in teaching

O1 want to learn some useful
practical work

20% ODesire to engage in sections

20%

Figure 4. Analysis of the results of identifying the necessary assistance of the experimental group
after the experiment to increase the motivation to the process of learning

To determine the degree of interest of students studying chemistry questions were developed:

Do you like chemistry?

Do you think this is an important science?

Would you like to continue to study chemistry?

Do you like to solve problems?

Do you agree with the statement: «Is everything that surrounds us a chemistry?»

Do you consider your chemistry teacher is a strong teacher?

Have you ever missed a chemistry lesson without a reason?

Do you think chemistry will help you in the future?

9. Do you think your chemistry scores are low?

10. Do you agree with the statement: «Most students do not understand chemistry»?

11. Have you ever written off chemistry tasks?

12. What do you think, additional chemistry lessons will help students to deal with the accumulated
questions?

13. Have you ever attended additional chemistry courses?

14. Do you read any literature on chemistry?

15. Did you like the extra chemistry lessons?

PN R LD =

Results and Discussion

Based on the data obtained prior to the experiment, the average score of the group is 19 points, which
indicates the average degree of interest in chemistry in the group. This is due to the fact that only two students
of the 9th grade attended additional courses in chemistry.

After the experiment, the group average score is 24, which indicates a moderately high degree of interest
in chemistry for the group. This is due to the fact that during the whole elective course the group worked hard,
which contributed to the improvement of interest in this discipline. The main factor is that after the experiment,
8 people answered positively to the question «Did you want to continue studying chemistry», although there
were only 3 people before the course.

This indicates that this elective course helped students to establish themselves in a reasonable choice of
chemical specialized training; with the role of chemistry in industry, agriculture, medicine, construction,
transport, art and other industries and human activities.
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I'.T. Koxubacona, A.T. ItocekeeBa, A.E. Ka3raepa

XMMUSAHBIH OeiliH/i 2JIEKTHUBTI KYPCBhIH JKY3ere acbIpyAbIH dicTeMeci
MeEH MCUXO0J0THAIBIK-TIeIarOTMKAJIBIK 3epTTeyJiepi

«bi3ni kopmraran xumust, Hemece Cabaxra YHpeHOeHTIH KbI3BIKTapy OeHiHam bl 31eKTHBTI Kype OarjapiaMackl
34 car Kypaiiipl. DIEKTHUBTI KypCTHI OTKi3y Ke3iHae «/lapbimy MaMaHIaHIBIPBUIFaH MEKTETI-HHTEPHATHIHBIH 9-
CBIHBIT OKYIIBUIAPHI JKaJIBIIUIAKTHKAIBIK KaFuaanapblHa OarbIHIIBL FRUIBIMH Oipi3AUTiri, KOJDKETIMILUIIT,
JKyHeniri, e3 epikrepi 6oHbIHIIA, KayiNci3iri, kepHekiniri. OKymbsuIapAbH TONTHIK OKBITY OOHBIHIIA MCHXO-
JIOTHSUTBIK-TIEIarOT MKAJIBIK IMarHOCTUKACHI XKYPIi3iii, TYJIFaHbl 3epTTey, XMMHSHBI OKY Ke3iH/e OKyLIbLIap-
JIbIH BIHTACBIH apTThIPY, KUBIHABIKTAP MEH aJIaHNAYIIbUIBIK JCHIeiliH aHbIKTAY )KOHE OJIAp/IbIH JKac epeKile-
Jikrepi 3epTTenai. TyiFaHbl aHbIKTayFa apHAIIFaH 3epTTEY HOTHIKECI DJICKTHBTI KYPC OTKI3UIreHHEH KeliH Chl-
HBINITaFbl OKYLIBUIAP/IbIH apachlHlia aMOMBEPTTEP CaHBIHBIH apTKAHbIH KOPCETTI, aJl ICUXOANHAMHUKAJIBIK Ka-
CHeTTepiHiH opramia Oasl e3repicci3 Kauabl. TONTHIH XUMUSHEI OKyFa BIHTAChl apTKAHbI OaiKamabl. 9-ChIHBIIT
OKYLIBUIAPBIHBIH apachlH/Ia XUMHS [I0HI OOWBIHINA albIHFaH OaKbUIAY KYMBICTAPBI MEH KOPBITBIH/BI TECTIICY
arpoOarusackl OOMbIHIIA: 3 OKYILIBI — «KaHAaFaTTaHAPIIBIK», 5 OKYILBI — «KAKChD», 2 OKYIIBI «Y3iK» HOTHXKE
kepcerTi. binmiM canmacsr — 70 %. AnbiHFaH HoTHOKeNep OOMbBIHINA Keleci KOPBITHIH/BIFA KeTyre 00JIa ibl: OKbI-
TYJBIH MHTEPAKTHUBTI 9iCTepiH KOJIJaHa OTHIPHIIN, OTKi3ireH «bi3ni Kopiaran xuMus, Hemece Cabakra yii-
peHOEHTIH KbI3bIKTap» OeHiHaMIbI SJIEKTUBTI KypChl OKYLIBIIAP/IBIH MTOH/1i OKYFa JI€TeH KbI3bIFYIIIBUIBIFBIH apT-
TBIP/IBI, OJApABIH OOJAIIaKTa TAHJANTBIH OAFBITBIH TAHIAYFa MYMKIHIIK Ty JbIPJIBL.

Kinm co30ep: anekTHBTI Kypc, OEHiH1 OKBITY, 3epTXaHAIBIK XKYMBIC, TECTIJICY, TYPMBICTBIK XHMHUS, cayaTHaMa
JKYPri3y, BIHTANTaHIBIPY, OKyLIbLIAP, OaFaapaama.

I'.'T. Kokubacosa, A.T. [Jrocekeena, A.E. Kazracsa

MeToaNKa H IICHXO0JI0r0-IeJarornyeckmue uccjaeI0BaHnus
MPHU pean3anuu NPpoPuIbHOro 3J1eKTHBHOT0 Kypca XUMHU

IIporpamma npeanpoduIbHOTO MEKTUBHOTO Kypca «XUMHS BOKPYT Hac, win O 4eM He y3Haelllb Ha ypOKe»
paccunrtana Ha 34 4. [Ipy npoBeaeHNN Kypca B CIEMAIN3HPOBAHHON HIKOJIe-UHTEpHAT «/JlapbIH» cpenu yda-
mmxcest 9 KaccoB pyKOBOJCTBOBAIKCH CHEAYIONMMH OOIIEANIAaKTHIECKUMY NPUHIUIIAMU: HAYYHOCTb, JO-
CTYITHOCTb, CHCTEMaTHYHOCTb, JOOPOBOJIBHOCTh, O€301aCHOCTD, HArIIHOCTD. [IpoBeaeHa mcuxooro-mneia-
TOTMYECcKast IMarHOCTHKA y4YallluXcsl Ha rPYIIOBOE B3aUMO/ICHCTBHE, UCCIEI0BAaHNUE JIMYHOCTH, MOTUBALIMH K
nporeccy 00y4eHUst XUMUM, U3yUeHHE 3aTPyIHEHUH 1 TPEBOXKHOCTH, a TAKXKE UX BO3PACTHBIX OCOOCHHOCTEH.
Pesyusbrar Ha omnpeeneHue JIMYHOCTH OKa3aJl HEe3HAYNTENIbHOE YBEIMYEHHE Yucia aMOMBEpPTOB 1OCIe MPO-
BEZICHNMS HJICKTUBHOTO Kypca, a CpeIHMI Oal ICHXOANHAMHIECKHX CBOMCTB OCTAJICS HA IIPEKHEM ypoBHE. Mo-
TUBAIWS K 00YYEHHIO XMMHU B TPYIIE YBEINIWIACh. ANIpoOanust pe3yIbTaToB KOHTPOJIBHEIX YPOKOB H UTO-
TOBOTO TECTUPOBAHMUS 110 XMMHUH CPEH YUSHUKOB 9 KIIacCOB BRIIBIIIA CIIEAYIONIee: 3 YIEHHUKA IOy IHIN OT-
METKY «yZOBJIETBOPUTEIBHOY, 5 YIEHHKOB — «XOPOIIOY», 2 yIeHHKa — «O0TIn4HO». KadecTBo 3HaHMii cocTa-
B0 70 %. Ha 0CHOBaHMM NOJTy4YEHHBIX JAHHBIX MOXKHO CKa3aTh, YTO MPOBEACHHbIN MpeanpoQuIbHbIHA 311eK-
THUBHBIH Kypc «XuMust BOKpYT Hac, Wi O ueM He y3Haelllb Ha YPOKe» C UCHOJIb30BAHHEM WHTEPAKTUBHBIX
METO/I0B 00Y4€HHsI TIOBBICHII MHTEPEC K U3YUECHHIO MIPeIMETa, Iepe]l yJalluMHUCs MOsSBIICS BbIOOp OyayIero
npodus.

Kniouesvie cnosa: 3meKTHBHBINA Kypc, npoduibHOe 00ydeHne, 1abopaTopHas paboTa, TeCTHpOBaHUE, OBITOBAS
XHMMUSI, aHKeTUPOBAHNE, MOTHBALHS, YIaIHeCs], IPorpaMma.
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Synthesis methods of phosphorylated carbamide
containing acyclic and heterocyclic compounds

In the paper, for the first time, an attempt of systematization of knowledge in the field of reactions of ureas and
their heterocyclic derivatives with phosphorus containing reagents has been carried out. In the review due to
the significant differences in the substrates and reagents used, methods for producing phosphorylated nitrogen-
containing compounds according to their final structure are grouped in three directions of their formation —
the synthesis of acyclic, monocyclic and bicyclic ureas. Thus, the methods for the production of acyclic N-phos-
phorylated ureas by reactions of the corresponding N-phosphoisocyanates with aliphatic and aromatic amines
of various structures are considered, and rarely used alternative methods for the synthesis of such compounds
are considered. An analysis of the known methods for the synthesis of phosphorylated monocyclic carbamide-
containing compounds suggests that: five-membered phosphazacycles, most of them are represented by imid-
azolidine structures, while tetracyclic phosphazacycles are diazaphosphetidinones, and six-membered phos-
phazacycles are diazophosphorins and triazaphophorphoryphorphoridine. The synthesized and studied phos-
phorylated bicyclic bisurea are represented by diphosphadione, diphosphaspirooctanedione, and phosphory-
lated tetraazabicyclo octionic structures. It was concluded that, on the basis of the systematization of the results
of experimental studies on the methods of synthesis of phosphorylated ureas, it can be expected that their de-
velopment will allow finding ways to obtain new highly effective drugs and synthons of their production.

Keywords: urea, phosphorylation, heterocyclic compounds, N-phosphoisocyanates, imidazolidines, diazaphos-
phetidinones, diazophosphorins, triazaphosphorinandionones, diphosphadiones, diphosphaspiroctanediones,
phosphorylated tetraazibicyclooctandiones, glycoluryl.

Introduction

The chemistry of acyclic and cyclic ureas, primarily due to the availability and polyfunctionality of the
latter, has undergone rapid development in various spheres of human activity. Since F. Wohler discovered the
synthesis of urea 1 based on inorganic substances, urea has always been the object of close research attention
of both chemists and pharmacological specialists.

0] 0] (0]

+
H,N NH,  H,N NH,  HN KH,
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More than one and a half-century history of urea chemistry was marked by the creation on their basis of
many dozens of valuable substances that have been used as effective drugs [1], herbicides [2], fertilizers [3]
and other biologically active compounds.

Despite the wide popularity of ureas as objects of the synthetic “simulator”, the chemistry of ureas is
constantly evolving, and the traditional ways of their use in organic synthesis are constantly being improved.

Synthesis and study of phosphorus-containing compounds based on urea is one of the progressive trends
in the development of urea chemistry. The combination of urea fragments and phosphoryl groups in a molecule
makes it possible to impart specific useful properties to the target substance, which is the subject of a wide
discussion of methods for producing phosphorylated ureas [4, 5].

Some of the acyclic organophosphorus nitrogen-containing compounds are being used as therapeutic
drugs, such as zoledronic acid (zoledronate), which has a selective effect on bone tissue and is therefore used
in the treatment of osteoporosis [6]. One of the widely used non-selective systemic herbicides is glyphosate
(N-(phosphonomethyl)-glycine) [7]. Due to its unique properties, this drug is the first in the world production
of herbicides. In addition, glyphosate is used in the production of polymeric materials, especially non-com-
bustible and chemically resistant ion exchange resins, used in the analysis and production of highly pure sub-
stances, and other areas of technology.

Monocyclic nitrogen-containing heterocycles containing a urea moiety in the cyclic skeleton are attrac-
tive because the latter is often a key multifunctional structural element of these compounds. The presence of
N- and O-nucleophilic reaction centers in the urea molecule promotes their cyclization under the action of
various phosphorylating agents [8].

Generally the nature and direction of cyclization is influenced, first of all, by the nature of the substituent
at the amide nitrogen atom of urea and the conditions of the reaction studied. The direction of the reactions of
phosphazacyclization of urea by ethers of chlorine derivatives of phosphoric acids often depends on the coor-
dination number of phosphorus.

The development and improvement of known methods for the synthesis and functionalization of mono-
cyclic nitrogen-containing heterocycles is greatly stimulated by their well-known participation in human ac-
tivity. For example, among cyclic compounds, based on phosphorylated ureas, polymeric compounds [9] and
drugs with high pesticidal, anticholinesterase, antiviral, and antimicrobial activity [10] are found.

The chemistry of bicyclic bisureas occupies a special place among nitrogen-containing heterocyclic com-
pounds, primarily due to the framework structure and the presence of multifunctional reaction centers. 2,6-di-
acetyl glycoluryl diphosphonic acid is known among the phosphorylated bicycles, which has been used as an
electrode modifier for quantitative determination of cholesterol by voltammetry [11].

Since there is currently no information in the available literature, summarizing synthesis and research
methods of chemical properties of phosphorylated urea-containing acyclic and heterocyclic compounds, we
have systematized knowledge in this area, which was the basis for writing an independent review article. The
review of literature data is systematized according to the methods of synthesis of phosphorylated acyclic,
monocyclic and bicyclic carbamide containing compounds.

1 Synthesis methods of phosphorylated acyclic ureas

1.1 Isocyanate method for producing acyclic N-phosphorylated ureas

Among the relatively large number of methods for producing N-phosphorylated ureas, reactions based
on the interaction of the corresponding N-phosphoisocyanates with various amines are prevalent. Methods for
obtaining phosphorus-containing isocyanates and their chemical properties are discussed in the review [12],
where the reactions of the latter with various organic substrates, including amines, are also given. Thus, ac-
cording to the general scheme 1, the reaction of isocyanates 2 with primary and secondary amines 3 leads to
the formation of various 1,3-disubstituted ureas 4:

X
0 .0
N/ AN
P—N—(C—X +  HNRZR? EE—— P——HN NR2R3
1 1
R ) 3 R 4
R'=Ar, Ph, Alk, R2 = R*=H, Ar, Ph, Alk
X=0,8 R2=H, R = Ar, Ph, Alk,
Scheme 1

116 BecTHuk KaparaHauHckoro yHusepcuTeTa



Synthesis methods of phosphorylated carbamide containing ...

This method is widely used, including for the synthesis of various ureidophosphoric acids [13-21].

It was shown [13] that fluorinated 5.1 phosphoisocyanates in reactions with primary and secondary
amines 6.1-6.4 turned out to be convenient reagents for the synthesis of fluorine derivatives of N-alkyl- and
N-aryl-substituted phosphorylated urea 7.1-7.4 (Scheme 2).

One of the variants of the synthesis of arylcarbamidophosphoric acids is [14] that isocyanate phosphoric
acid chloride 5.2 can easily react with various amines 6.4—6.21. However, the authors emphasize that aromatic
amines with electron-withdrawing substituents (such as p-chloro 6.10 and p-bromoaniline 6.11, o- and m-ni-
troaniline 6.5 and 6.6, etc.) react slower. Even greater difficulties are caused by interactions with secondary
arylamines (diphenylamine 6.21), but at the same time, the product yield of 8.1-8.18 are 62-99 % (Scheme 2).

The authors of [15], developing their work [16, 17] aimed at crystal structure, biological activitystudy
and some electronic aspects, synthesized the already known series of dichlorophosphoryl derivatives of N-sub-
stituted phenylureas 8.1-8.6 and supplemented it with similar interactions of dichlorophosphoisocyanate 5.2
with the corresponding aryl amines 6.22—6.26 with the formation of compounds 8.19-8.23 (Scheme 2). Based
on the compounds obtained 8.1-8.6, 8.19-8.23, the authors synthesized a number of biologically active diaza-
phosphorinanes 45.1-45.11 and diazaphospholanes 46.1-46.11 for further study (Scheme 12).

In order to search for new biologically active compounds, the authors of [18-20] using known methods
[14, 21] synthesized a similar series of dichlorophosphoryl derivatives of N-substituted phenylureas 8.7-8.10,
8.24-8.28 using the corresponding amines 6.10-6.13, 6.27—6.31 (Scheme 2) for further condensation of ureas
8.7-8.10, 8.24-8.28 with various substrates (Scheme 3).

0]

N| N )J\
N N
/

P—N=—C=——O0 + HNRR} ——> P—HN NRZR?
1 - 1
R 5.15.2 6.1-631 R 7.1-7.4,8.1-8.28
5. I:R'=F 6. 1: R?* = 4-CH;3-C¢H,, R* = CH; 8. 1:R!'=Cl,R*=H, R3>=Ph
2: Rl = Cl 2: R2 = H, R3: C2H5 2: Rl = Cl, R2 H R3 2 NOZ C6H4
7. 1:R'=F,R*=H,R*=Ph 3:R?=R’=C,H;s 3:R'=Cl, R*=H, R* = 3-NO,-C¢H,4

2:R!'=F,R*=H, R*= C,H; 4:R*=H,R*=Ph 4:R'=ClL, R*=H, R* = 4-NO,-C¢H,

3: Rl = F, R2 =R’= C2H5 5: R2 = H, R3 = 2-N02-C(,H4 5: Rl = Cl, R2 H l{z 2- CH3 C6H4

4:R'=F, R? = C¢HsCHs, 6: R?=H, R* = 3-NO,-C¢H, 6:R'=Cl, R?=H, R*=4-CH3-CsH,

R3 = CH3 7: R2 = H, R3 = 4-N02-C(,H4 7: Rl = Cl, R2 = H l{z 4- Cl C6H4
8: R2 = H R3 =2- CH3 C(,H4 8: = Cl, Rz = H R3 4- Br-C6H4
9: R?=H, R*= 4-CH;-C¢H, 9:R!'=Cl, R? = H, R*= 4-CH;0-C¢H,
10: R2 H l{z 4- Cl C6H4 10: R1 = Cl, R2 H R3_ (l-C10H7
11: Rz H R3 4- Br-C6H4 11: R Cl R2 H l{3 4- C2H5 C6H4
12: R? = H, R*= 4-CH;0-C¢H, 12: R'=Cl, R* = H, R*= 4-i-C;H;-CsH,
13: R2 H Rz_ o- C10H7 13:R Cl R2 H l{3 4- C2H50 C(,H4
14: R2 H l{z 4- C2H5 C(,H4 14: R Cl R2 H l{3 2- N02 C(,H4 4- CH3
15: R? = H, R*=4-i-C3H;-CgH, 15: Rl =Cl,R?=H, R*=2,4,6-CI-C¢H,
16: R2 H l{z 4- C2H50 C(,H4 16: R Cl R2 H l{3 ﬁ C10H7
17: R2 H l{z 2 NOZ C6H4 4 CH3 17 Cl Rz C2H5 R3 C(,Hs
18: R?=H, R*=2,4,6-CI-C¢H, 18: R'=Cl,R,=R3=Ph
19: R2 H Rz_ B C10H7 19: R1 = Cl, R2 = H, l{3 = 4-CN-C(,H4
20: Rz = C2H5, R3 = C(,Hs 20: R1 = Cl, Rz = H, R3 = 4-F-C6H4
21: R, =R3=Ph 21: R'=Cl, R, =H, R3 = 3-F-C¢H,4
22: R2 H l{z 4- CN C(,H4 22:R Cl Rz H R3 2-F- C6H4
23: Rz H R3 4-F- C6H4 23:R Cl R2 H l{3 3- CH3 C6H4
24: R, =H, R3=3-F-CsHy4 24: R'=Cl, R* = H, R*= 2,4-(CH;),-C¢H,
25: Rz H R3 2 F- C6H4 25 Cl R2 H l{3 3 4 (CH30)2 C(,H4
26: R2 H Rz_ 3- CH3 C6H4 26: R Cl R2 H l{3 CHz C6H4 Cl 2
27: R?=H, R*=2,4-(CH;),-CsH4 27:R'=Cl,R*=H, R*= C¢H,s-c
28: R2 H Rz_ 3 4 (CH30)2 C(,H4 28:R Cl R2 H l{3 C2H4O -C

29: R2 H Rz_ CHz C(,H4-Cl-2
30:R?= H R’=C¢Hy ¢
31:R2 Rz_C2H4O -C

Scheme 2

Arylcarbamidophosphoric acid chlorides 8.1-8.28 [14] are crystalline compounds difficultly soluble in
benzene, ether, carbon tetrachloride, chloroform, slowly decompose in air, slowly react with water at room
temperature, but when heated, the hydrolysis passes quickly. Water is mainly attached through the P-N bond,
since it was found that the main products of hydrolysis are N-aryl urea 9, while the acid chlorides 8.1-8.18
(Scheme 2) give the corresponding esters 10 [14] under the action of alcoholates (Scheme 3).
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o} HO H,N NRZR3 2HCI + H;PO,
0 > 9

l

N 0

/P—HN NR?R? | 0

R'O ”
Cl 8.1-8.18 2R'ONa \
- /P—HN NRZR?
1
=CHj Et, i-Pr RO 10
R2 R*=H, Ar
Scheme 3

In a number of subsequent works, this method of synthesis of phosphorylated ureas was further developed
[22, 23]. Thus, it was shown [22] that the reaction of ureidophosphoric acid dichloride 11 with alcohols in the
presence of hydrogen chloride proceeds in steps, which makes it possible to obtain dialkyl esters of ureido-
phosphoric acid 13.1-13.4 with different alkoxy substituents at phosphorus atoms. Under the action of meth-
anol on 11, ureidophosphoric acid methyl ester chloride 12 was obtained, which was separated from the reac-
tion mass and further treated with an excess of dry alcohols (ethanol, propanol, butanol, isopropanol) to obtain
N-(methoxy alkoxyphosphoryl) ureides 13.1-13.4. When the esters 13.1-13.4 are heated in the presence of
alcohol and an excess of HCI, dialkyl esters of urethanphosphonic acid 14.1-14.4 are formed (Scheme 4).

NH, NH, OR

o) o:< :< o:<

+CH,0H N TROH -
NH - — > Thor o

o \P / HCI o \P / o\P / ROH \P /

/ e / o / ok / Sor
H,CO H,CO H;CO

13.1-13.4 14.1-14.4

13,14
1: R =C,Hs 2: R = C3H; 3: R = C4Hg 4: R = i-C5Hy

Scheme 4

To study the biologically active properties of organophosphorus compounds, N-alkylphosphoryl urea
15.1-15.6 was condensed with chloral (Scheme 5) [23].

0 0
H,C)NH, RO\P// g e CH,
> P\ _C
Benzene, RO g \N’ CH\N
/CC'3 CCls Et;N 40 °C HoN
HO—CH Cl—CH 18.1-18.6
Nk \ \ o O  CCh
0 NH NH Ng i RO / I |
/ / S—P(OC,Hs), /P\ N € SN ~CH___P(OCyHs),
g CCLCHO  0==C PCly/SOCL,0=—=C > RO H
O / H,SO, \ \ Dioxane, RT
\P o o 19.1-19.6
d X AN P\
15.1-15.6 / Tor /
S.1-15. RO RO ﬁ ?C'3
RO //
15-20 16.1-166 17.1-17.6 Acy0 /P\ NP
1: R = CHy Hs0,30-35%c rd N N g
2:R= C2H5
3: R =G5y 20.1-20.6
4:R = CyH,
5:R =i-C5H;
6: R =CsH,
Scheme 5
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The hydroxyl group in the resulting products 16.1-16.6 is replaced by chlorine in reactions with chlorin-
ating agents such as PCls, SOCl,. In turn, the resulting N-dialkylphosphoryl-N'-1,2,2.2-tetrachloroureas
17.1-17.6 react with amines, alcohols, salts, forming the corresponding substituted urea 18—-20 with yields of
43-95 % (Scheme 5).

For the substances 18-20 obtained, their antiviral activity was reported in [23].

Esters of ureidophosphoric acid 22.1-22.11 can be obtained according to a scheme similar to the reaction
of isocyanates (Scheme 2). For example, in the work [24], phosphoryl isocyanate ethyl ether 21 reacted with
aryl and hetarylamines 6.4, 6.8, 6.10, 6.13, 6.26, 6.30, 6.32—6.36 in the presence of catalytic amounts of 4-di-
methylaminopyridine (Scheme 6).

0
2 EtO, "
EtO, 1 |
\|| (CH;3),N-Py AN |
P—N—C=——O0O + HNRZ2R? —— P——HN NRZR?
EtO 6.4,6.8,6.10, EtO 22.1-22.11
21 6.13, 6.26, 6.30, es
6.32-6.36
6 4:R*=H,R>=Ph 22  1:R*=H,R*=Ph
8: R?= H, R’= 2-CH;-C¢H,4 2: R?=H, R*= 2-CH;-C¢H,4
10: R? = H, R%= 4-C1-C¢H,4 3:R2=H, R*=4-CI-C¢H,
13: R2 = H, R3: (1-C10H7 4: R2 = H, R3: (1-C10H7
26: R =H, R= 3-CH;-C¢H, 5: R?=H, R*= 3-CH;-CgH,4
30: R2 = H, R3: C(,Hll-C 6: R2 = H, R3: C(,Hll-C
32: R2=H, R*= PhCH, 7: R?=H, R*= PhCH,
33: R2=H, R3=2-Cl-C¢H,4 8: R?=H, R*= 2-CI-C4H,
34: R2=H, R3= 3-Cl-C¢H, 9: R2=H, R*= 3-Cl-C¢H,
X /X
— N — N
34:R?=H,R= =N 10: R®?=H,R>= =N
CHjs CHs
-<N~ -<N~
\ \
N / N /
36:R2=H, R’= CH; 11:R?=H, R3*= CH;
Scheme 6

In order to search for biologically active compounds based on esters of substituted phosphorylated ureas,
reactions [25] of diisopropoxyphosphoryl isocyanate 23 with some heterocyclic amines 6.37—6.40 in inert at-
mosphere with subsequent production of urea derivatives 24.1-24.4 were studied (Scheme 7). The authors also
noticed that the interaction of diisopropoxyphosphoryl isocyanate 23 with diisopropoxyphosphorylamide 25
gives rise to diphosphorylated symmetric urea 26.

0
, I 9 .
HPO—D—NE, (|)| )}\ (|)1-Pr
o 25
Orpr i-PrO—P—N N—P—Oi-Pr
i T
_ , oipr 26
i-PrO——P——NCO R ]!
| : XAY )\
Oi-Pr /k\ /’k . o O X/ %
2 HNT SN g2 i-PrO_ // )]\ )\ |
6.37-6.4( /P\N N R
24 i-PrO H H
1: X=Y=N, R'=R’*=NH, 24.1-24.4

2: X=CH, Y=CH-CH; R'= CH; R?>= OCH;
3: X=Y=CH, R'=CH; R>=H
4: X=CH, Y=CH-CH; R!=R=H

Scheme 7

Similarly, N-phosphorylated bromides 27-29 based on reactions of diisopropoxyphosphoryl isocyanate
23 and o, w-diamines were synthesized in order to study the extractive properties of Eu (III) [26] (Scheme 8).
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Studied podands 27-29 differ in the link between two phosphorylated urea fragments. Bonds with oxygen
atoms can form a crown ether cavity, which can compete with the complexing ends of the bidentate parts of
the extractant.

To obtain monosubstituted phosphorylureas, it is also possible to use both ammonia [27] and ammonium
halides 31.1, 31.2 (Scheme 9). [28] showed that bis(chloromethyl)phosphine isocyanate 29 reacts with chloride
31.1 or ammonium bromide 31.2 at room temperature in chloroform and an equimolar amount of triethylamine,
which leads to the formation of N-[bis(chloromethyl)phosphinoyl] urea 32 with outputs 81 and 84 %, respec-
tively (Scheme 9):

o)
EN/NH; CIHC| 31.1 - 32 81%
3 _P—N NH, 312~ 32 84%
CIH,C H 0
CIH,C_|
SP—N=C=0 + NHHal— ACN, Et;N,
CIH,C 30 31.1,31.2 T=280°C,
6h
31
I: Hal =Cl (6]
: Hal =
2: Hal = Br 311~ 33 69%
312~ 33 66%
[ 2EsN TN N 37033 810
O=
33
CH,Cl
Scheme 9

However, it was found that a double excess of triethylamine and boiling the reaction mass for 12 hours,
lead to the formation of phosphazocyclic urea 33 with 69 % yield when using ammonium chloride 31.1 and
66 % when using ammonium bromide 31.2 Heating urea 32 in anhydrous acetonitrile with an equimolar
amount of triethylamine during 6 hours at 80 °C also leads to the formation of 33 with a yield of
81 % (Scheme 9).

The works [5, 29] are devoted to the synthesis of di- and tri-ureides of phosphoric acid from the corre-
sponding di- and tri-isocyanate phosphates. So, in work [29], reactions of phenyl diisocyanate phosphate 34
with various amines 6.3, 6.4, 6.41-6.43 in the medium of dry benzene during boiling were investigated. At the
same time, the authors said that phenyl diisocyanate phosphate 34, with long-term temperature exposure, is
capable of homopolymerization — a light brown glassy homopolymer is formed — isocyanurate 35 with a
yield of 30 %, which is unstable in air (Scheme 10).
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Diisocyanate of benzenephosphonic acid 34 reacts with monoamines 6.3, 6.4, 6.41-5.43 to form ben-
zenephosphonyl bis(ureas) 36.1-36.5 (Scheme 10). Products 36.1-36.5 are insoluble in benzene, carbon tetra-
chloride, chloroform, chloro- and fluorocarbons and ether, but they dissolve easily in polar solvents (methanol,
nitromethane, acetone). Despite the fact that substances 36.1-36.5 are resistant to water and ammonia, the
P—N bond is cleaved during acid hydrolysis to form phenylphosphoric acid 37 (Scheme 10).

In the reaction of phenyl diisocyanate phosphate 34 with diamines 38.1-38.4, polyureas 40.1-40.4 and
41.1-41.4 are formed in equal (1: 1) quantities, while the products of polymeric and cyclic structure are in the
same reaction mass (Scheme 10). Polyureas 40.1-40.4 and 41.1-41.4 in organic solvents are insoluble, par-
tially dissolve in dimethylformamide when heated. Also, the substances are not wetted with water and are
resistant to diluted acids and alkalis.

Products 39.1, 39.2, obtained in the reaction with diamines 38.1, 38.2 in the ratio 1: 2 with prolonged
heating to the melting temperature, are capable of self-condensation (Scheme 10).

[5] reported on the synthesis of phosphorous triureide 42 by treating phosphorus triisocyanate (V) 42 with
an excess of liquid ammonia at —40 °C, and the yield of phosphorous triureide 43 was 95 % (Scheme 11).

O
NH
pd P\ —3> H,N NI‘YO 95%
OCN NCO t=-40°C | NH
NCO P/
P

& Sy NH,

42 H
43
Scheme 11

Thus, the resulting aryl carbamidophosphoric acid chlorides 8.1-8.28 using the methods described above
[14-17, 21] were involved in various studies with the aim of obtaining a wide range of substances with bio-
logical activity.

The authors of [15], a series of dichlorophosphoryl derivatives of N-substituted phenylureas 8.1-8.6,
8.19-8.23, was converted to the corresponding diazaphosphorinanes 45.1-45.11 and diazaphospholanes 46.1—
46.11 under the action of 2,2-dimethyl-1,3-diaminopropane 44 and ethylenediamine 38.1, respectively
(Scheme 12).

Cepust «Xummsi». Ne 3(95)/2019 121



A.A. Bakibayev, K.B. Zhumanov et al.

H3C CH3 P\N
HZNQQNHZ \{(
1/ CH,
0
E H al dlethyl ether, 0
, N \”/N\ / 45.1-45.11 CH;
R4~ /7 a
38.1 N N //
8.1-7.6, 8.19-8.23 LN ) X 7_
s 2 \/\NHZ Rl—ll P NH
t———>
CH,Cl, EN, 0°C Z © HN\)
46.1-46.11

45, 46
1:R=H,2: R=2-NO,, 3: R =3-NO; 4: R =4-NO,. 5: R=2-CHj, 6: R =4-CHj,
7:R=4-CN, 8: R=4-F, 9: R=3-F, 10: R =2-F, 11: R=3-CH;

Scheme 12

The synthesized dichlorophosphoryl derivatives of N-substituted phenylureas 8.7-8.10, 8.24-8.28, the
authors of [18, 19], using similar methods [14, 21], were involved in condensation reactions with various
diamines 47-50 to produce a wide range of compounds 51-54 based on phosphorylated ureas with antimicro-
bial activity (Scheme 13).
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In continuation of these works, later [20], by a similar reaction of condensation a number of biologically
active dibenzodioxaphosphociline urea 56.1-56.11 (Scheme 13) were obtained from polychlorinated 2,2-dihy-
droxydiphenylmethane 55. Reactions given in Scheme 13 were carried out with weak heating in the presence of
triethylamine in toluene, or in a mixture of toluene—THF (1:1) with average yields (47-71 %) for 51-54, 56.
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1.2 Other methods for producing acyclic N-phosphorylated ureas

Along with isocyanates, N-dialkylphosphono-N-(2-chloroethyl)carbamic acid chloride 57 can be used as
a starting phosphorylating reagent 57. The authors of [30] obtained a series of urea derivatives 60—63 by re-
acting N-diethylphosphono-N-(2-chloroethyl)carbamic acid 57 with ammonia, aniline 6.4, morpholine 58, and
sodium azide 59 (Scheme 14):
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C,H,Cl \—/
59 C,HO //
NaN; _ )I\ 3
20 C2H5O |
= C2H4CI
p(Ph);
64 CoH;0_ P
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C2H4CI
Scheme 14

N-diethylphosphono-N-(2-chloroethyl)carbamic acid chloride 57 reacts with sodium azide 59 at 2-5 °C
[30]. The phosphoazide 63 obtained in this way, like acyl azides, reacts with triphenylphosphine to form N-di-
ethylphosphono-N-(2-chloroethyl)amidetriphenylphosphazo-carbonic acid 65, which is also obtained by re-
acting the acid chloride 57 with triphenylphosphoimine 64 (Scheme 14).

In the patent literature [31, 32] there are reports of the synthesis of phosphorus-substituted ureas 60-65
exhibiting nematocidal activity.

A convenient method of direct phosphorylation of ureal was proposed [5], based on the reaction of urea 1
with phosphorus oxychloride in polar solvents, which resulted in dichlorohydrophosphoric acid 67 and diureid
phosphoric acid 68 (Scheme 15).
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It is concluded that the conditions of the process have a significant influence on the reaction. When using
acetic anhydride as a solvent, the yield of 67 and 68 acids was 30 and 56 %, respectively. Replacing the solvent
with liquid sulfur dioxide reduces the yield 67 significantly (30 %) (Scheme 15).

A similar method was used in [33] to obtain phosphorylated alkylureas, where the authors used a number
of solvents. However, the highest yield was achieved at a molar ratio of alkyl urea: phosphorus oxychloride
66 as 4:1 in liquid sulfur dioxide.

Compounds 67 and 68 obtained were used for further reactions with alcohols to produce the correspond-
ing esters. Reactions of ureidophosphoric acid dichloride 67 with monofunctional alcohols led to the prepara-
tion of dimethyl 70.1, diethyl 70.2, diisopropyl 70.3 and dibutyl esters of ureidophosphoric acid 70.4. It has
been shown that ureidophosphoric acid dichloride 68 produced the corresponding esters 69.1, 69.2 with meth-
anol and ethanol (Scheme 15).

It is also shown [5] that ureidophosphoric acid dichloride 67 reacts with liquid ammonia at —70 °C with
the release of white colored substance (Scheme 15). Dimethyl ester of ureidophosphoric acid 70.1, when dis-
solved in liquid ammonia, gives the ammonium salt of methoxouridophosphoric acid 72 (Scheme 16).

i
0 I 0
2NH; H,CO
H3CO\E—N/C\NH _— 3 \IIJI‘—N/ SNH) NH, + CH;NH,
% H 2 < H
H,CO ©
70.1 72
Scheme 16

Dimethyl ester of ureidophosphoric acid and phosphoroxytriureide are weak acids, prone to tautomerism,
neutralization of which causes an increase in the P-N bond order (Scheme 17) [5].

(0] (0]
o——1|>—N NH, =~ HO—T—_N—JJ‘NHZ
70.1
Scheme 17

[34] reported that dichlorophosphorylurea 67 is almost quantitatively hydrolyzed to dichloroisocyanate
phosphate 4.2 and ammonium chloride 30.1 in boiling chloroform by passing HCI (Scheme 18). This reaction
takes place regardless of the nature of the substituents at the phosphorus atom (alkyl, aryl-amino) in the case
of both phosphates and thiophosphates.

cl
Cl \ /O
™~ / )J\ HCl/ CHCI v
\ 3 pd
// NH,CI “ \N=C=O
67 30.1 42

Scheme 18

It is believed [34] that the rate of isocyanate formation is consistent with differences in the electron den-
sity on the phosphorus atom, and with increasing electron density, the reaction rate increases (Scheme 18).
Another way to synthesize N-phosphorylated urea is to use both the sodium salt of urea 73 and chlorine-
substituted urea 74 in reactions with phosphorylating agents.

N-Chlorourea 74 and tertiary alkylphosphites 75 (methyl 75.1, ethyl 75.2, isopropyl 75.3 and n-butyl 75.4
derivatives) give ureidophosphoric esters and the corresponding alkyl halide (Scheme 19). The reaction pro-
ceeds instantly at temperatures as low as —40 °C. Substances 77.1-77.4 are resistant to acid and alkaline hy-
drolysis [35].

The reaction products 77.1-77.4 were confirmed by counter syntheses of N-chlorourea 74 with sodium
salts of dialkyl phosphites 76.1-76.4, sodium salts of urea 73 with dialkyl chlorophosphates 75.1-75.4
(Scheme 19).

124 BecTHuk KaparaHgmHckoro yHusepcurteTa



Synthesis methods of phosphorylated carbamide containing ...

O 0
J ) oA
" e’ \\0R Sp—mN NH,
Cl—HN NH RO™ 3, RCI P
" 75.1-75.4 RO 77.1-77.4
o 0
)}\ L| 75,76, 77
oD I'R=CH
n OR R : s
o o |
75.1-75.4 S R—ipr
(e} |C|) 4: R =n-Bu
+ P
)J\ AR NaCl
Cl—HN NH, RO \0. OR
74 Na
76.1-76.4
Scheme 19

In the method proposed, the reactions are carried out in an aprotic polar solvent, while the yields of the
substances 77.1-77.4 obtained are 42-50 % [35].

The use of triphenylphosphine as a phosphorylating component in the reaction with N-chlorourea 74,
which reacts in the same way as tertiary phosphites, leads to the formation of quasiphosphonium salt 78, hy-
drolysis of which in warm water leads to the formation of HCI, urea 65 and triphenylphosphine oxide 79 [35]
(Scheme 20).

0 0 Ph o -

) N [ N S

Cl—HN NH, HN N Ph HC NI, o” \Ph

74 78 1 79
Scheme 20

Chlorodiphenylphosphine 81 is condensed with N-phenylurea 80 in the presence of an excess of triethyl-
amine and a catalytic amount of 4-(dimethylamino)pyridines to produce 1-(diphenylphosphinyl)-3-phenylurea
82 [36] (Scheme 21).

Also, phosphorylated ureas 86, 87 were obtained with low yields by the reaction of sodium salt of N-phe-
nylurea 83 and phosphorus diphenyloxochloride 84 or phosphorus diphenoxyoxochloride 85, respectively [36]
(Scheme 21).
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1,3-Bis(diphenylphosphoryl)urea 89 was obtained [37] by treating 1,3-bis(diphenylphosphino)car-
bodiimide 88, previously synthesized by the reaction of diphenylchlorophosphine 81 and AgCN, with hydro-
gen peroxide. The water treatment of 1,3-bis(diphenylphosphono)carbodiimide 90, obtained by the reaction of
phosphorus diphenyloxochloride 84 with AgCN, leads to the same urea 89 (Scheme 22).
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The authors of [38, 39] synthesized phosphorylated N,N'-dialkylureas 89, 94, 95 using their N,N-trime-
thylsilylated derivatives 91.1, 91.2 as substrates. Thus, [38] reported N,N'-bis(chloro(methyl)phosphino)-N,N'-
dimethylurea 93.1 synthesis from N,N'-dimethyl-bis(trimethylsilyl)urea 91.1 and dichloromethylphosphane
92. Urea 93.1 is prone to hydrolysis with the cleavage of the chlorine atom with obtaining N,N'-dimethyl-N,N'-
bis(methylhydrophosphoryl)urea 94 (Scheme 23).

n [39], it was shown that bisphosphorylated urea 93.2 is formed as a result of the reaction of diphe-
nylchlorophosphine 81 with 1,3-bis (trimethylsilyl) urea 91.2 at 70-80 °C. Its oxidation with hydrogen perox-
ide leads to the formation of urea 89, and the use of oxidizing agents (S, Se) leads to compounds of type 95

(Scheme 23).
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The authors of [40] synthesized a series of N-phosphorylureas 98.1-98.4 by the reaction of phosphoryla-
mides 97.1-97.4 with N-substituted trichloroacetamides 96.1-96.4 (Scheme 24).
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The method of obtaining ureidoxyalkyl-1,1-diphosphonic acids 100.1-100.3 is described in the patent
[41], which is based on the interactions formyl- 99.1, acetophenyl- 99.2, acylureas 99.3 with a mixture of
phosphorous acid and PCl; (Scheme 25).
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Scheme 25

Studies [42] have shown that tetrafluoroborate-N-methyl-N,N'-di-tert-butylcarbodiimidium 101, in reac-
tion with methyridin-5-phosphate 102, is converted to phosphorylated urea 104 through the O—N migration
of the phosphate link in the intermediate compound 103 (Scheme 26).
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Urea's tendency to salification is interestingly used in the study of their reactions with phosphorus chlo-
rides. Thus, during the study of the reaction of tetra-substituted ureas with various reagents, their transfor-
mations were studied, including under the action of phosphorus chlorides [43]. It was found that N,N,N',N'-
tetraalkylureas 105.1-105.3 form adducts with POCI3 and PCls.

In the reaction of phosphorus pentachloride (PCls) with tetramethylurea 105.1, adduct 106 is mainly
formed, which turns into 107 only with increasing temperature with elimination of POCIs. After alkaline treat-
ment of 107, the reaction product is a black oil, which contains about 38 % guanidinium salt 108 (Scheme 27).
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Scheme 27

It was shown that N,N,N',N'-tetraalkylureas 105.1-105.3 form adducts with POCl3, which are equilibrium
mixtures of imine salts 109 and 110 (Scheme 28).
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The equilibrium between urea 105.1 and POCIs in the adduct 109.1 is slow, while the equilibrium 109.1-
110.1 is established quickly. The reactivity of acidic amides and ureas with respect to POCl; is in the following
order: N,N-dimethylformamide > N,N-dimethylacetamide > N,N,N',N'-tetramethylurea > N,N,N',N'-tetrabu-
tylurea [43].

The detection of adducts 109, 110 also indicates that 105.1 and HPF¢ leads to the formation of chlorofor-
mamidium hexafluorophosphate 111, which can be converted to fluoroformamidium hexafluorophosphate 112
under the action of potassium fluoride (Scheme 29).

CH; CH;,
CHj
Hy;C—N WPF, (1,0)  TECTN ) H;C—N
CH,Cl, Py * I KEMON  ppg sl F
6%  Hc—N 0% pe—N
H;C—N : 3
CH cH
CH, 3 3
105.1 111 112
Scheme 29

The interaction of POCI; with ureas 105.2, 105.3 in benzene (as shown earlier in scheme 28) gives equi-
librium salts 109.2, 109.3. When exposed to aniline 113.1-113.3 on these salts 109.2, 109.3 and with further
water-alkali treatment, you can get a mixture, consisting of urea 105.2, 105.3, guanidine 114.1-114.4 and
aniline 113.1-113.3. Anilines 113.1-113.3 of the mixture can be washed out, but ureas 105.2, 105.3 and guan-
idines 114.1-114.4 are difficult to separate. However, pure guanidinium iodides 115.1-115.4 can be quantita-
tively isolated if methyl iodide is acted on (Scheme 30).
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Scheme 30

The authors, in their preliminary experiments, concluded that the yield of the guanidine salt 108 depends
on the reaction conditions, in particular, on the molar ratio of the adducts. The guanidinium salt 108 can be
obtained with a large yield by adding an excess of urea 105.1 to the iminium salts 109, 110. This may indicate
the presence of other two-cationic equilibrium salts 116 in the system (Scheme 31).

The proposed ways of converting tetrasubstituted ureas with phosphorus chlorides open wide possibilities
for the functionalization of the synthesized salts into new nitrogen-containing acyclic and heterocyclic com-
pounds.
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Summing up this section of the review, we note that the main method for producing acyclic N-phosphor-
ylated ureas is based on reactions that correspond to N-phosphoisocyanates with amines of various structures.
Alternative methods for the synthesis of acyclic phosphazamide are represented by individual reactions, and
these data are not systemic.

2 Synthesis methods of phosphorylated monocyclic ureas

2.1 Preparation and properties of five-membered phosphorylated carbamide-containing cycles

By condensation of 0-amino or o-hydroxy-substituted diphenylureas 117 with tris (dialkylamino) phos-
phine, the corresponding substituted 1,3,2 oxaza- and diazabenzophospholenes 118 were obtained

(Scheme 32) [44].

0
N K
C ~N
Ph
H /
N 0 N
(AIk),PNH, AN
2 PN(AIK),
HN x/
R Ph
117 R = NH, OH 118
X =0, NP(NALky),
Scheme 32

A method was patented for producing 1,4,2-substituted diazaphospholidine-3,5-dione of 121.1-121.4 by
the reaction of the corresponding isocyanates 120 with 1-methyl-2,5-dihydro-1H-phospholates 119 [45]. In
particular, the work provides examples of the preparation of methyl- 121.1, butyl- 121.2, isopropyl- 121.3,
phenyl- 121.4 derivatives of diazaphospholidine-3,5-dione, and also their modification with the production of

sulfides 122 and salts 123 (Scheme 33).

] 0

|
120
P R4 )J\ R* 4 )J\ 4
. R4NCX N~ R\N n—R
— \ { L
§ { % 9.8%
- /
RY e R RZ R \\
|21 1-121 4 1.t
85-95% G
(] /?;/

119-123 )J\
a:R!, R* = CH,4 R4\N R

b: R!= CH; R* =n-C,H,
¢:R'=CH; R*=CH; R"=CH(CH;), ].\P+ 05
d: R'= CH; R* = C¢Hs / \ °
R! ¢}
CH;
123.1

Scheme 33
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It was shown that 2-imidazolidinone 124 in a strongly
oxochloride esters 125.1-125.4 undergoes conversion to

alkaline medium in reactions with phosphorus
N-phosphorus substituted 2-imidazolidinones

126.1-126.4 with yields of 70-78 % [46]. The authors also developed an alternative pathway to compounds
126.1-126.4 with higher yields (80-87 %) via intermediate product 127 of N,N-trimethylsilylation of 2-imid-

azolidinone (Scheme 34).

125.1-125.4 / \
RCI NaOH
benzene 6h
reflux (124> 126) (127 126)
/ \ (0] 1: 70% 1: 85%
N N 126.1-126.4 2:70% 2: 80%
T H 3:78%  3:87%
4:71% 4:81%
O 124 / \ 125
2 eq Tms-Cl RCI, NaOH
CH2C12 reflux \[r 0-25°C, 45 min
O
125 _~OCH; /OE O| Pr
1: R = Mes, 2: —P L3 P 4 —
(|)| OCH; g ” Oi-Pr
Scheme 34

It was established that the direction of the 3-component

reaction of imidazolidinone 124 with aldehydes

and trialkyl(aryl phosphites depends on the molar amount of the aldehyde. Thus, when using one equivalent
of aldehyde and trialkyl(aryl)phosphite, 128.1-128.4 are formed, and two equivalents of aldehyde and trial-
kyl(aryl)phosphite in the reaction with 124 two nitrogen atoms are replaced to form 130.1-130.4. The resulting

phosphoesters 128.1-128.4, 130.1-130.4 readily hydrolyze to the corresponding acids 129.1, 131.1
(Scheme 35) [47].
o)
j\ Q OR? HOH )k ﬁ OH
R!CHO + (R%0)P N I/ 2 uN” N P
[ "SNor2 -R%OH \ / OH
o -R?0H \_/ Rl OR R!
90-110°C 128.1-128.4 129.1
HN NH 1-1,5h O
1
II OR HO )k II OH
124 2RICHO + 2(R2023PR SN N HOMH' \/p NN p<
2R20H 20" ll [ \ or? 2rR%0H  HO' N / 1 OH
R20 Rl 0 R
128, 130 130.1-130.4 131.1
Rl 2—
LR, R= Gl 128 130 129.1: 92%
1: 48% 1: 42,5%
2:R! =~@,R2= CHs, 2:43% 2: 68,4% 131.1: 89,1%
o 3:60% 3: 34%
. 0, - 0,
3R = CHy, R= Cyils, 4:38% 4:32,4%
4:R!=CgHs, R?>= CICH,CH, X=0
Scheme 35

Relatively new method for the phosphorylation of organic compounds — metal complex catalysis — has
been developed. As shown by the authors [48], the introduction of copper (II) acetate and the corresponding
base can contribute to the occurrence of oxidative crosslinking of H-phosphonates 132 and cycloamides 133.1,

133.2 in the presence of air as the final oxidant (Scheme 36).
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O
/ ]
1—PrO\PH R Cu(OAC)/OH i'PfO\P// JL
* HN N _— ~ —R
/ air / N N
i-PrO \—/ i-PrO \_/
132 133.1,1332 134.1,134.2
134
80% 1:R=CH;

64% 2:R=COCH;
Scheme 36

The range of change in the amount of substrate was broad with respect to dialkyl-H-phosphonates, giving
the corresponding binding products P-N 134.1, 134.2 with moderate and high yields. Among the copper cat-
alysts studied by the authors, Cu(OAc), showed the highest activity and selectivity.

[49] studied the effect of phosphorus pentachloride on N-acetyl-N,N'-ethylene urea 133.2, which leads to
the formation of 2-(2-oxo0-1-imidazolidinyl)-2-chloro-ethenyltrichlorophosphonium hexachlorophosphate 135

(Scheme 37).
0

” 3PCly )k . - 280,
—» HN

N——C—=CHPCI;PCl,

)k "
\ / - POCl4 | -POCl,4
133.2 - 2HCI \ / -2HCI

135 Cl
0
N'—CZCH3POCI 30 o HN)kN—C—
2 _3HCI CH*PO(OH),
Cl Cl
137
Scheme 37

Compound 135, when treated with sulfur dioxide, is converted to 2-(2-oxo-1-imidazolidinyl)-2-chloro-
ethenylphosphonic acid dichloride 136, upon hydrolysis of which 2-oxo-2- (2-oxo-1-imidazolidinyl) ethyl
phosphonic acid 137 is formed (Scheme 37).

Multicomponent reactions proved to be very effective in assembling diversified molecules and searching
for new ways to obtain heterocycles and organophosphorus compounds. It was reported about the reaction of
compounds with the presence of three-coordinated phosphorus (PhO);P and/or PhsP with dimethylacetylenedi-
carboxylate 138 in the presence of N,N'-dimethylurea 139 to obtain -amidophosphonates 141, phosphonates
142, and stable phosphorus ylides 140 (Scheme 38) [50].

0 H;CN
H,C Jj\ —~CH CH
CH2C12 3 \N N 3 . [e) N/ 3 -
—
r.t.
(|302CH3 | O)_%COZCI% K CO,CH;
HN 141 (R1).p
1 |C|3| o 550, (0 }éf/ (R');P
(R )P+ * - 0
C O
R!=Ph, OPh | HT )J\
139 CH toluene
coerts 1 FoAc H,eHNT N7
138 } — reflux
rt CO,CH;
H;CO,C

140 ]

2)-67% P(R');

(E) - 33%

Scheme 38
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This reaction (Scheme 38) was carried out in the presence of triphenylphosphine in dry dichloroethane
CH,(l; as a solvent at room temperature. As a result of the reaction, hydantoin 141 and oxazolidine 142 were
obtained, containing stable phosphorus ylides with good yields. Usually, the solubility of phosphorus ylides in
ethyl acetate is less than in methylene chloride, therefore, the authors suggest using ethyl acetate to limit the
reaction and isolate the intermediate acyclic products 140. The stepwise mechanism shown in scheme 39 is
provided by a nucleophilic attack of the olefinic carbon atom of intermediate phosphoalkene by the urea anion
with the formation of ureidoylide 140, the fate of which, depending on the chemistry of the process, ends with
the formation of phosphorane cycles of hydantoin 141 or oxazalidinone type 142 [50].

TOZCH3 i
CH;
¢ CHN o PR RANT N7
. o ( )3\
(RD)sP - + |c| * J\_ * C==CHCO,CH, | s CO,CH;
CH;N” “NCH R20,C
rRi-pnopn | N e 19 3 /N 2
H,CO,C A PR
CO,CH; 140 3
138
o
0
CH CH
H3CN >\\N/ 3 6CH3
/ FCOS HCOCH N = 4
0 ’ S -MeOH
CO,CH;
ACH; 1 P(RI*)-
H,;CHN N P(R )3
COCH; T
H;CO,C ) o H,CN
PR")
140 } (o _cn, — N C
\ HONT TN 4¥ ocH,
H,CO CO,CH, — &
A g CO,CH; | -MeOH
— +
=Ph, OPh o) PR, P(}{')3
Scheme 39

Hydantoins 143.1-143.4, previously synthesized by the Bucherer reaction [51] in the condensation reaction
with formaldehyde, give regioisomers 144 and 145 in a ratio of 66 % : 33 %, respectively (Scheme 40) [10].

0
/
0 66% (N SN
(0] HN > HO/ OH
N
KCN + (NHy),CO3 O Ng L HCOH + CH;COOH 144.1-144.4©
_ T > . o
C,H;OH + NH,0H 2 PCl; o
(CHy)n 3.H,0
’ 33% A~ Ve
B 143 (CHyn —> (CHy) N / ~OH
ISk 1: 96,0%. 143.1-143.4 144,1+145.1 - 45,0% N’& HO
s 2: 88,2% 144.2+145.2 : 48,0% 0
oy 3:76.2% 144.3+145.3 1 42.0%
- 4:91,0% 144.4+145.4:458%. 10— p—0
OH 145.1-145.4
Scheme 40

2.2 Preparation and properties of tetracyclic phosphorylated urea derivatives
It has been established that the direction of urea phosphorylation reactions by ethers of chlorine deriva-
tives of phosphoric acids depends on the coordination number of phosphorus: in the case of using a three-
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coordinated phosphorus atom, phosphorylation takes place [52]. For example, when using monoalkoxyphos-
phoric acid dichlorides 147.1-147.4, successful phosphazacyclization was achieved through the intermediate
phosphorylation of diphenylurea 146, where the products are 1,3-diaza-2-phosphetidin-4-ones 148.1-148.4
(Scheme 41) [53].

0
147.1-147.4 g
ROPCI, 7N 1482 (70%)
2 Ph—N~  N—Ph :
/Ph Ny 148.1, 148.3, 148.4 (50-55%)
HN | 148.1-148.4
30-35°C OR
2N 4921493 i / g
2,149. R
HN 146 (ROYPCI )j\ (ROYPZ—N—ph
\ > (RO)HPN NH —® | _
Ph | | O—C=—N—"Ph
Ph Ph 150
147-149 /NPh l
R=Me (1), Bt (2), i-Pr (3), n-Bu (4
e (1), Et (2), i-Pr (3), n-Bu (4) ORI H/ ~—— (ORYPOH + PhN=C=NPh
NHPh
151
Scheme 41

Unlike dichlorides 147.1-147.4, dialkoxyphosphoric acid monochlorides 148.1-148.2 react with diphe-
nylurea 146 in the presence of the HCI acceptor with the initial formation of phosphorylated urea 150, which
is unstable and prone to rearrangement (accelerated upon heating) into phosphorylated amidine 151
(Scheme 41). However, when using derivatives of a tetracoordinated phosphorus atom, the reaction can pro-
ceed in a different direction through the process of dehydrating diphenylurea 146 [52, 53].

Reactions of phosphorus pentachloride with 1,3-disubstituted ureas 152.1-152.2 containing primary alkyl
substituents occur predominantly through the nitrogen atoms to form a four-membered cyclic structure 153.1
(Scheme 42) [54]. While ureas containing secondary alkyl groups form only minor amounts of compound
153.1, the predominant product is chloroformamidinium chloride 154 (Scheme 42) [54, 55].

I
—» R! =8= cf N 2
cal, HN | NHR: + R —N\ /N—R 45-87%

R! Cl 154 c1/f|’\c1
/ (ﬁ cl 153.1,153.2
HN ; g
>:o PCls|C Hg, 20°C, 16 hR' =N NTCCL 45-87%
g a1~ "~c) CHCL
HN | Cl
- Clys33
152.1-152.4 C”>
/
—— RI"N_ :N—RZ ——» R'N=PCI;+R®NCO
Cl/lr\Cl 2HCI
152,153 Cl 1534
1: R! =R?= AIK(C,-Cy)
2:R! R? = Alk, Ar
3:R'=CH; R?>=COCH,Cl
4:R' = ArSO,, R? = Alk
Scheme 42

Similarly, N,N'-Dialkyl(alkylaryl)urea 152.2 with phosphorus pentachloride in equimolar amounts give
derivatives of trichloro-1,3,2-diazaphosphetidin-4-one 153.2 [56], although it was reported that when using an
excess of PCls, the carbonyl group was chlorinated [56].
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When N-methyl-N'-chloroacetylurea 152.3 interacts with phosphorus pentachloride, a substituted 1,2,3-
diazaosphetidin-4-one 153.3 is formed [57, 58] (Scheme 42).

The effect of the structure of substituents on the nitrogen atom in urea was manifested when an attempt
was made to phosphorylate 1-arylsulfonyl-3-alkyl urea 152.4. It was shown that the cyclic compound 153.4
obtained turned out to be extremely unstable (Scheme 42) [54].

[55] reported that if methyl isocyanate 155 acts on the obtained phosphocycle 153.1, then the cycle is
expanded to a 6-membered one, and the final product is isolated as a salt 156 (Scheme 43).

cr
0 CH, a O

g 155 cl 2

c P R
: R N
N—g2 CHN=CO R \ll)/ N TN N
0

1
RN C |—
N/ —_ DN N
P NN -
CI— | ~a C R? (6] O T
Cl
CH

153.1 0 156 s

153. 1: R =R?= AIK(C,-Cy)
Scheme 43

Based on previously developed convenient methods for producing diaza-2-phosphetidin-4-ones of type
153 (Scheme 42), namely, with methyl substituents (R = R '= Me) [57], aryl substituents (R, R' = Ar) [58],
[59] diaza-2-phosphetidin-4-ones 157.1-157.3 were synthesized in a similar way (scheme 44) [60, 61]. The
dynamic behavior of the phosphorus atom was studied by low-temperature NMR spectroscopy.

| | |
X X
N N N
(0] C/ \P/—Y OIC/ \P// O=C/ \P—Y
N7\ NS Ny N/ R, R =Alk, Ar
N N N X=0,$
| | | Y =NR", OR", SR"
1571 g 1572 R 1573 R Z=Cl
Scheme 44

By transformation with the corresponding nucleophilic reagents of phosphazacycles 153, diazaphosphet-
idinones of type 157 (R, R' = C) with substituents (Y = N) C, [62], NEt, [63, 64], OC [65], and CCl; were
obtained [66].

On the basis of the already studied methods for obtaining diaza-2-phosphetidin-4-ones 157.1-157.3
(Scheme 44), [67] suggested ways of converting 158 to the corresponding 2-thioderivatives 159, 160 (Scheme
45), 162 (Scheme 46). The authors report that the thio-derivatives of diazaphosphetidinone 159 can be obtained
by direct oxidation of compound 158 (Scheme 45). A suitable method for the preparation of compounds 160.1—
160.5 is the reaction with trimethylsilyl derivatives (AY), since the direct use of secondary amines leads to
ring opening. The amino groups NR» (R = Me, Et, (CH)4, OCH; and SCH3) of trimethylsilyl derivatives (AY)
in the reaction with 159 replace the chlorine atom, which leads to the formation of thiophosphoric acid amides
160.1-160.5 (Scheme 45).

THs CH; (I;H3
N al N
(CH;Si),S S AY N
o=c< >P<—Cl N \p< . o= \P/S
- CISi(CH _ ~
N Cl (CHs)3 \N/ Cl - ACl \N/ Y
158 CH, 159 CH, 160.1-160.5 i%
A=H, Si(CHy);

Y =N(CHj3), (1), N(Et), (2), N(CH,)4 (3), OCHj (4), SCH; (5)

Scheme 45
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However, for the synthesis of compounds 162.1, 162.2 with cyclic amine residues (NPh; and N(cycl),)
by reacting N,N'-dimethylureal39 with the corresponding dichlorophosphorusigamide, compounds 161.1,
161.2 were obtained first, and then the phosphorus atom was oxidized with sulfur (Scheme 46).

THs THs CH;
/NH N S
ClL,PNR s
o=—=0CcC ; 0:C< >P—NR2 —8> o—c/ \P<
Et;N
TH 3 T \ /
CH; CH; (|:H3
139 161.1, 161.2 162.1, 162.2
161, 162
1:R=Ph
2:R=Cyc
Scheme 46

In addition, the reaction properties of 158 with respect to iso- and isothiocyanates MeNCO, PhNCO, and
MeNCS were studied in [55, 68, 69]. Under the action of alkyl- or aryl-fluorophosphanes on symmetric trime-
thylsilyl urea derivatives 91.1, cyclization occurs with the splitting of the Si—N bond and fluorophosphadiaze-
tinones 163 are formed (Scheme 47) [70].

HsC CH;
N——Si(CH;), N
0 + RPF, —> O >p<_R + (CH3)SiF
N—Si(CHy); T F
H,C 91.1 R=Alk, Ar CHs 163
Scheme 47

1-Methylsilyl-3-alkyl(aryl)sulfonyl urea 165.1-165.6, obtained from trimethylsilyl derivatives of car-
bamide 164.1-164.6 in reaction with aryl dichlorophosphines, cyclized smoothly to chlorophosphetidinone
166.1-166.12, which can be converted into trifluoromethyloloxy derivatives 167.1, P-aryl substituted or are
subject to bicyclization to compound 169.1 [71] (Scheme 48):
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Scheme 48

Thus, in this work, it is shown that the resulting phosphazacycles 167—169 are the products of nucleophilic
substitution reactions of the chlorine atom in chlorophosphetidinone 166 (Scheme 48).

2.3 Preparation and properties of six-membered cycles of phosphorus derivatives of ureas
When urea 1 itself is condensed with phosphonoacetic acid esters 170.1-170.2 in the presence of sodium
alcoholate, cyclic phosphoric analogues of barbituric acid 171.1-171.2 are formed (Scheme 49) [72, 73].

O
O
o e
(R'O)R H,N HN NH
\CR3 R*ONa \
+ O —»
/ /P\OR]
O:C\ R o CR3 H
OR? ©
170.1-170.2 170.171 171.1-171.2

I: R%=H, R, R, R* = Alk
2: R3=C5H; - cyel, R, R?, R* = Alk

Scheme 49

An increase in the length of the alkyl radical in phosphonic acid with an excess of sodium alkoxide can
lead to spiro derivatives of barbituric acid, as it was demonstrated [73] by the example of the preparation of
spirocyclopropane diazaphosphorinone 171.2 (Scheme 49).

It is curious that diazaphosphorinones 172.1-172.2 under the action of the H202: urea 1 complex with
good yields are oxidized to phosphodiazacycles 173.1-173.2 (Scheme 50) [74], which is convenient for the
conversion of aminophosphites172 into the corresponding phosphates 173.
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In a series of papers [8, 75-78], the processes of formation of various phosphase heterocycles based on
the interaction of N-substituted acylureas 174.1-174.4 with an excess of PCls were studied (Scheme 51).
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Scheme 51

It has been proved [75—77] that the cyclization of N-acetylurea 174.1 under the action of a fivefold excess
of PCls occurs with the participation of the acetyl group and the amino group to form trichlorophosphate het-
erocycle 175 (Scheme 51).

Chloroacetylurea 174.2 when heated with phosphorus pentachloride forms diazophosphorin 176, which
differs from compound 175 in that in this case one more proton is replaced by a chlorine atom [78]
(Scheme 51).

When N,N'-dimethylacetylureas 174.3—174.4 interact with phosphorus chloride in a 1:5 ratio, diazaphos-
phorionic salts 177, 179 are formed, which are in situ transformed into diazaphosphorins 178 and 180, respec-
tively [8] when treated with SO, (Scheme 51).

A method for the synthesis of 1,3,5-triaza-2-phosphorinanediones 182, 183.1-183.2 was developed [79].
containing the carbamide moiety in the cycle, by reacting PCly/ClLPOCH3 and 1,3,5-trimethylburet 181
(Scheme 52), the methoxy derivative 184 is obtained from the chlorine derivative 1,3,5-triaza-2-phos-
phorinanedione 182 [80].
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Scheme 52

In the same work [79], the authors studied some of the chemical properties of 183.1-183.2, where, in
diagram 53, the following processes were demonstrated for 183.1-183.2: oxidative ammonolysis (compound
185.1, sulphidation (compound 186.2), oxycyclization (compounds 187.2 and 188.2).
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Scheme 53

In subsequent reports [80—82] the authors involved the synthesized 1,3,5-triaza-2-phosphorinanediones
182—-184 in a wide range of chemical transformations 180, 186—201 (Schemes 54-57).

Scheme 54 reflects the reactions of 1,3,5-triaza-2-phosphorinanediones 182—184 [80]: oxidation (com-
pounds 186.1-186.6), hydrolysis (compound 189), oxidative chlorination (compound 181), which proceeds
through an intermediate salt formation 192 [55] (Scheme 55), silylation (compound 190) and esterification
(Compound 191) (Scheme 54).
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When exposed to SO; gas on a 6-membered cycle 192, the latter is able to take a more stable form 180,
capable in further interactions to easily exchange the chlorine atom for the OH and OCHjs-group under the
action of water or methanol to produce products 193, 194 (Scheme 55) [55].
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Scheme 56 shows the process of exchanging the chlorine atom of the cyclic compound 182 for an amino
group with the production of the diamine derivative 1,3,5-triaza-2-phosphorinane-dione 195 [82].

Cepust «Xummsi». Ne 3(95)/2019 139



A.A. Bakibayev, K.B. Zhumanov et al.

3
0 CH, Q, R
\\C—N/ : \\C—N/ CH;
\ (CHj3);3SIN(CH53)CH,CH,N(CHj3), / \ /
> | S P

\C—N/ C—N N
7\ 7 e N—CH
O CH; 0) R 3

183 195 H;C

Scheme 56

Scheme 57 shows various variants of modification of compound 195, carried out in [82] and leading to
the formation of the corresponding salts 196, 197, sulfide 198, and complex compounds 199-201.
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The demonstrated path of transformation of the phosphazacycle 195 using simple and accessible reagents
serves as an illustrative example of the possibility of synthesizing a variety of phosphazaheterocycles that have
a wide potential for their practical application.

Thus, an analysis of the available literature data on the methods of synthesis and properties of phosphor-
ylated monocyclic carbamide-containing compounds suggests that the five-membered cycles in the vast ma-
jority are represented by imidazolidine structures 124, 126, 128-131, 134—-137, 141, 144, 145, containing
phosphorylated groups in the side chain, with the exception of individual imidazolidines containing a phos-
phorus atom in the cycle (diazabenzophospheneum 118 and diazaphospholidinedione 212.1.1-121.4).

The formation of tetracyclic phosphorylated ureas by corresponding reactions leads only to diazaphos-
phetidinones with the three-coordinated phosphorus atom 148, 161, and with the five-coordinated phosphorus
atom in the cycle as well 153, 158-160, 162, 163, 166—168.

The formation of six-membered phosphorylated urea-containing azacycles is mainly come down to di-
azophosphorins 175, 176, 178, 180 and triazaphosphorinanionones 182-201, although there are some cases of
synthesis of phosphoric analogues of barbituric acid 171.1-171.2.

A curious observation is the ability of transformation of four-membered diazaphosphetidinones into six-
membered triazaphosphorinanionones (Scheme 43).
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3 Synthesis methods of phosphorylated bicyclic bisureas

3.1 Bicyclic bisureas with diphosphate[3,3,0]-3,7-dione structure

An analysis of the literature data showed that 1,3-bis(trimethylsilyl)urea and its derivatives (91, 164) were
often used to construct heterocyclic compounds. The attractiveness of the latter is determined by the fact that
they turned out to be very convenient synthons for building a number of phosphorus-containing bicyclic bro-
mides 202-209, 212, 213 (Schemes 58—60).

Thus, bis(trimethylsilyl)urea 164.4 was used by the authors [83] in reactions with PCl3;, where the product
was cyclo[3,3,1]nonane-3,7-dione 202 (41 %). At the same time, carbodiimide 3-CF3C¢Hs—N=C=N—CHj3; was
released as a by-product in the reactions (Scheme 58).

In other studies, the authors of [84], by varying the conditions of the process of phosphorylation reaction
164.4 with PCls, found that in a similar reaction 164.4 with PCl; individual substance 202 was not formed, but
a series of bicyclic diuretic [3,3,0]-3,7-dione structures 202—-206 with nodal P—P bond (Scheme 58).
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In extension of their research, the authors [84] studied the reaction of 1,3-dimethyl-1,3-(trimethylsi-
lylyurea 91.1 with PCls, where it was also noted that in addition to the target product 207, compounds 208, 209
are obtained as well (Scheme 59).
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Scheme 59

It was found [85] that the reaction of methylsilyl urea 91.1 with methylenediphosphodichloride 210.1 in
an inert atmosphere is completed by bicyclization to diphosphate[3.3.1]nonan-3,7-dione 213.1 and 213.2, re-
spectively, while the reaction of urea 91.2 with dichloromethylene di-phosphodichloride 210.2 proceeds with
the formation of dichloro-derivative diphosphate[3.3.1]nonan-3,7-dione 213.3 (Scheme 60).

It is postulated that these reactions proceed through intermediate monocycles 211.1 and intermediates
212.1, which regroup to thermodynamically more stable products 213.1 [86] (Scheme 60).

Dichloro derivative diphosphate[3.3.1]nonan-3,7-dione 213.3 reacts nucleophilic substitution with triiso-
propylphosphine, which, as expected, led to C-phosphine substituted ylide 214, (Scheme 61). Bicyclic ylide
214 was detected by deciphering 3'P NMR spectra, but was not isolated due to low stability [86].

The properties of bicyclic bisureas 205, 207, and 209 were studied in [84, 86—88].

Cepusa «Xumunsi». Ne 3(95)/2019 141



A.A. Bakibayev, K.B. Zhumanov et al.

0
i o A
, 210.1-210.2 J\ R! R!
- 1 1 1 ~N
T rapay, R\I]I/U\T/R I1.1 Sy 2§ T/RZ\T/
6] —_—> . | Rl —
- (CH3);SiCl PP — p7Y 113 r
a” TR Da . 4 | | I
N—R! (CHj);SiCl N N N N
. RI” \"/ SRl R \”/ SR
HCBST o1 1012 211.1-211.3 I I
212.1-212.3 213.1-2133
91 1:R'=CHs, 210 1: R?=CH: 211, 212, 213 1:R'=H, R?=CHz
2:R'=H 2: R?=CCl 2: R'=CH3;, R?=CH;
3:R!'=CHj3, R?=CCl,
Scheme 60
O 0
H;C )‘\ CH; H3C Jl\ CH.
NN NN
P ._P [N Y P P
1!1 cn IL - i-Pr;PCl, N/ \I\é\c—_P(i-Pr)s
Hc” T cH; Hy,e” \Ir CH,
O 2133 O 214
Scheme 61

Compounds 205, 207, and 209, when interacting with elemental sulfur, tend to form a P=S bond in bicy-
cles 215.1-215.2, 220 (Scheme 62, 63) [87]. It was also found that compound 209, in turn, readily reacts with

hexachlorobenzene to form a modified cycle 216, which is a colorless solid, melts at 204-206 °C, is sensitive
to hydrolysis and is easily soluble in CH,Cl; and toluene (Scheme 62) [88].
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In the course of further study of the properties of phosphazabicycle 209, complexes 217-219 with
Fe»(CO)9 and Cr(CO)s were isolated and studied. Complexes 217, 218 are obtained in a molar ratio of 1:1.
Complex 219 is obtained in the reaction with a ratio of 2:1 phosphorus derivative 209 (o) Cr(CO)s+C7Hs, re-
spectively.

During the oxidation of a phosphazabicycle 207 by potassium permanganate, the phosphorus in the P—P
node of the bicycle is oxidized to the pentavalent state with the formation of a P-O—P bridge in compound 221
(Scheme 63) [87]. Further study of the properties of the phosphazabicycle 207 showed that the treatment of
the latter with 207 molecular chlorine or SO,Cl, leads to the formation of a mixture of phosphetidinone 158
and a spirocycle 222 with a P—Cl bond (Scheme 63) [84].
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To identify specific interactions of the phosphazabicycle 207, the ability of complex 207 to complexation
with Cr(CO)s was shown in [84]. Thus, in the works [84, 86—88], bicyclic di-phosphate[3,3,0]-3,7-dione struc-
ture 202-209, 212-222 synthesized on the basis of bis(trimethylsilyl)urea 91, 164 were obtained and studied.

3.2 Bicyclic bisureas with difosfaspiro[3,4]octane-2,7-dione structure

[89] reported that the participation of 2 molecules of 1,3-bis(trimethylsilyl)urea 91.1, 91.2, 164.1, 164.7
in reactions with two molecules of dichloro(aryl)phosphanes 223.1-223.2 leads to bicyclization to tetraazadi-
fosfaspiro[3, 4]octane-2,7-dyons 224.1-224.3 with a fairly good yield (87 %) (Scheme 64).
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Further, when studying individual chemical properties of 224.1-224.3, it was established [83] that when
exposed to molecular chlorine or PCls, [3,4]-octane cycles 224.1-224.3 are converted into [3,3]-heptane cycles
225.1-225.3 (Scheme 64).
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In the process of studying the properties of spirobicyclic compounds, compound 224.2 was pyrolyzed,
which contributed to the narrowing of its cycle to diazaphospholidin-5-one-2-oxide 227, through the formation
of an intermediate monocycle 226. In this case, the corresponding carbodiimide is eliminated (Scheme 65) [87].
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1-Methylsilyl-3-alkyl(aryl)sulfonyl urea 165.1, previously prepared from trimethylsilylcarbamide deriv-
ative 91.1 in reaction with aryl dichlorophosphines, is cyclized to form a bicycle 169.1 through the formation
of chlorophosphetidinone 166.1 (Scheme 66) [72].
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Phosphaspiro[3.3]heptane-2,6-dione 228 with P-F bond was synthesized and studied with a yield of 59 %
in [90] by the reaction of 91.1 with 2,2,2-trifluorodiazaphosphetidinone 163 (Scheme 67).
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Chlorophosphaspiro[3.3]heptane-2,6-dione 222 with a P-CI bond is obtained by the interaction of symmet-
ric dimethyl urea 139 with PCls through intermediate 2,2,2-trichlorodiazaphosphetidinone 158 (Scheme 68) [90].
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In chlorophosphaspiro[3.3]heptane-2,6-dione 222, the chlorine atom without any difficulties is subject to
functionalization by various reagents with preservation of the bicyclic structure 229.1-229.12, [90, 91]
(Schemes 68, 69). Similar substitution reactions were considered in [92, 93].

0
H,C )k CH
3 \ / 3
N N 229
XA N e B
- e pL—x 8: A=Si(CHz); X=Br
o -ACI N 9: A=Si(CHy); X=1
_N N 10: A = Si(CHs);, X = CH3P(Si(CHy);
)_k H;C Y CH; 11: A= Si(CHj);_ X = (CHj),P
H3C\N ACHs 229822912 12: A=Na, X=CN
N/ © 0
/P\—Cl 230
N N RN e 8 H,C CH
HsC CH, NN ™~ W SHs
CH;  Si(CHy)s NpL NN N
O 222 : N CH,
-CISi(CH3); NN
H;C Y CH,4
O 231
0
232 H3C\N)kN ACH;
(CIC,H,),NH*HCI N/ N/\/C'
L > —

Et;N N AN xCI

N
H,e” j( CH,

o 233
Scheme 69

The condensation processes of 4-chloro-1,3,5,7-tetramethyl-1,3,5,7-tetraaza-4-phosphaspiro[3.3 Jhep-
tane-2,6-dione 222 with trimethyl-(trimethylsilyl)ethane-1,2-diamine 230 and bis-2-chloroethylamine 232,
during which bicyclic bisureas with P-N bond 231 and 233 were obtained, respectively [92, 93].

The ability to complexation 222 was considered in [94], where it was found that the chlorine atom in an
inert medium is replaced by pentacarbonylmanganese 234 (Scheme 70).
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3.3 Phosphorylated tetraazabicyclo[3.3.0.Joctane-3, 7-diones

The analysis of the available literature data has shown that the range of information on phosphorylation
reactions of 2,4,6,8-tetraazabicyclo[3.3.0.]octane-3,7-dione (glycoluril) 235 has been expanding. Glycoluril
235 is product of bicyclization of urea and is its derivative, but, unlike urea, glycoluril 235 is multifunctional.
Glycoluril 235 has four donor groups (-NH) and two acceptor (C=0) groups. According to chemical proper-
ties, glycoluril is a typical N-nucleophile and is easily able to enter phosphorylation reactions.
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The authors [95] investigated the reaction of transamidation using glycoluril 235 and tetraethyl diamido-
tert-butyl phosphite 236, which led to the formation of glycoluryl substituted diethylamido-tert-butylphosphite
237 (Scheme 71). The reaction was carried out by heating the mass of glycoluril 235 and tetraethyldiamido-
tert-butylphosphite 236 in a 1:2 ratio in ethyl acetate. This ratio allows two t-butylphosphite 236 molecules to
be coordinated to two amino groups (positions 2, 6). At the same time, the valence of the phosphorus atom is
preserved, which causes considerable interest in this product for further research.
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In a series of Chinese patents [96—98] flame retardant substances N-phosphorylated derivatives of glyco-
luril 240 and methods for their preparation based on N-alkyl derivatives of glycoluril 238 (Scheme 71) were
developed. These compounds are excellent nitrogen-phosphorus synergistic flame retardants.

The high nucleophilicity of the phosphorus atom is ensured by the presence of a lone electron pair on the
phosphorus atom, as well as by the donor effect of alkyl groups, which facilitate the second stage of the Ar-
buzov’s reaction — dealkylation.

The authors [99] obtained 2,6-di(1-diethylphosphonoacetyl)2,4,6,8-tetraazobicyclo[3.3.0]octane-3,7-di-
one 243 by phosphorylation of 2,6-di(1-bromoacetyl)-2,4,6,8-tetraazobicyclo[3.3.0]octane-3,7-dione 241 with
an equimolar amount of triethyl phosphite 242. Phosphonic acids have significant biological activity compared
to their esters, which causes some interest in such structures.

The authors [100] used glycoluryl tetrakis(methylene phosphoric acid) 244 as an effective catalyst for the
synthesis of pyrazole-5,10-dione derivatives. The main advantages of using this catalyst are high yields, quick
reaction and the possibility of multiple use of the catalyst. Substance 244 is synthesized by single-stage
N-transalkylation of glycoluril 235 with p-formaldehyde and phosphorous acid in boiling ethyl alcohol under
reflux (Scheme 72).
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Authors [99] carried out acid hydrolysis of diphosphonate 243 with tribromosilane in acetonitrile, leading
to the corresponding diphosphonic acid 245 (Scheme 73).
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Diphosphone complex of teraacetylglycoluril — 2,6-di-(4,8-diacetyl-2,4,6,8-tetraazabicyclo[3.3.0]octane-
3,7-dione)2,6-di-(6,8-dione)-2,6-di-(chloro-ethenyltri-chlorophosphonium) 247 was obtained in [101]. It 247
is a white crystalline, unstable in air compound obtained by the phosphorylation of 2,4,6,8-tetraacetyl-2,4,6,8-
tetraazabicyclo[3,3,0]octane-3,7-dione 246 with phosphorus pentachloride (Scheme 74).

0 (0]

] i )]\ JJ\ /Cl
/lL Il _C 0 R\ C
R _C 80-90°C, 3h —

N

CH; 6PCls > < CHPCls 2pclg _PhCOH Poc12 : (
—_—
> < 22 POCl, C|3PH HC C120P

H;C JBX N\ -POCl4 X!
\//C/NYN\R -4 HCI ? R -PhCHCl, C/
0 ! o cl o CI o
i L |
246 R=— N 247 (56%) 248 (48%)

Scheme 74

The reaction takes place when heated under argon in trichloromethane in the ratio of 1 mol 2,4,6,8-
tetraacetyl-2,4,6,8-tetraazabicyclo[3.3.0]octane-3,7-dione 246 to 6 mol phosphorus pentachloride.

The reaction proceeds through the stage of addition of phosphorus pentachloride at the oxygen atom of
the acetyl group to form complex 247, which is further decomposed by benzaldehyde to produce 248
(Scheme 74).

The phosphorylation reaction of tetra-N-methylolglycoluryltetracthyldiamido-tert-butylphosphite 236
[95] was carried out in ethyl acetate with simultaneous distillation of diethylamine. As a result, the oily product
2,6-di- (N-diethylamidomethylolphosphato)-2,4,6,8-tetraazobicyclo[3.3.0.]octane-3,7-dione 25 was isolated
through the formation of intermediate product 252 (Scheme 75).
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When studying the reactivity of tetra-N-methylol glycoluril 249 in phosphorylation reactions, its interac-
tion with phosphorus trichloride was carried out [95] (Scheme 75). Phosphorylation was carried out under
fairly mild conditions in hexane when heated. The isolated yellow crystalline substance of 2,6-di-(N-methyl
chlorophosphato)-4,8-chloromethyl-2,4,6,8-tetraazobicyclo[3.3.0.]octane-3,7-dione 253 was the product of
oxidation of phosphoric fragments in compound 252 to the pentavalent state (Scheme 75).

It is known [ 102] that among the compounds of trivalent phosphorus, phosphorous ester amides are fairly
easily exchanging the amide group under the action of alcohols, amines and phenols. This method is very
convenient for obtaining amidophosphites that are difficult to access in the direct synthesis.

Reaction 249 in absolute benzene with two equivalents of dimethoxychlorophosphate 254 and pyridine
as an acceptor of hydrogen chloride leads to the formation of a mixture of products 255 and 256 (Scheme 75).
The reaction proceeds with a strong heat release, requiring significant cooling. The structures of the synthe-
sized compounds 255 and 256 were proved using the data of IR, NMR spectra [95].

Summarizing the available literature data on the methods of synthesis and properties of phosphorylated
bicyclic bisureas, it should be noted that the latter are represented by diphosphadionic 202-209, 212-221,
diphosphaspirooctandionic 169, 222, 224, 225, 227-229, 231, 233,234 and phosphorylated tetraazabicyclooc-
tandione structures 237, 240, 243245, 247, 248, 250-253, 255, 256. Structural differences of the above phos-
phorylated compounds lie in the fact that diphosphadiones 202-209, 212-221 have a nodular bridge link that
can contain three and/or pentavalent phosphorus.

Diphospaspiroooctanediones 169, 222, 224, 225, 227-229, 231, 233, 234 contain a central (nodal) pen-
tavalent phosphorus atom that conjugates two cycles. Phosphorylated tetraazabicyclooctandiones 237, 240,
243-245, 247, 248, 250-253, 255, 256 are principally distinguished by the fact that they do not contain an
endocyclic phosphorus atom. A special case is represented by bicyclic bisureas of the glycoluril series, which
have phosphorylated substituents only in side chains, which makes them attractive for further transformations.

This work systemizes knowledge of reactions of ureas and their derivatives with phosphorus containing
reagents by compiling overview information. Since there is currently no information available in literature
summarizing the methods of synthesis and studies of phosphorus derivatives of carbamide containing com-
pounds, this work can serve as a tool for a better understanding of the tendency of the development of synthetic
works in the field of obtaining of in the field of phosphaze compounds.
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dDocdopiaHFaH KapOaMHIKYPaM/Ibl AaUMKJIII
JKOHE reTePONUKJIIII KOCBLIBICTAPAbI CHHTE3/1eY dicTepi

Makasnazna ajFanl peT MOUEBHHA JKOHE OHBIH T€TEPOLMKIIL TYBIHABLIAPBIHBIH (HochHOpKYpamIIbl peareHTTep-
MEH PeaKIMsACHIH 3ePTTEYAiH Ka3ipri KyiiH XyHeneyre TalmbIHbIC xKacanabl. KoiamaHbuiaTeiH cyOcTparTap MeH
peareHTTepIiH alTapibIKTail albIpMalIbUIBIFBIHA OaliIaHBICTBI, HI0Nyaa GochUpIeHIeH a30TKypaMIbl KOChI-
JIBICTAp/IBI ATy 9iCTepl OHBIH KYPBUIBIMBIHA COIKeC TY31IyiHe Kapail yII OarbIT OOMBIHINA KIKTEJIAl: aluKIIAi,
MOHOIIMKII/II YKOHE OUIMKII MOYSBHHAIAPIBIH CHHTE31. MbIcaisl, sxymbicTa N-pochounzonuanartapapy Ky-
PBUIBIMBI SpTYPIIi anndaTThl )KOHE apOMaTThl aMUHAEPMEH peakIusichl HoTKeciHae N-docdopieHren moye-
BHHAHBI CHHTE3/ICT aJly IbIH diCTepi KapacThIPbUIFaH, OChI KOCBUIBICTApP/bl ANy/IbIH Oanama CHpEeK KOJIIaHbI-
JaThiH omicTepi kenripiareH. docdupieHreH MOHOIMKIAI KapOaMUIKYpaMIbl KOCBUIBICTAPBIH CHHTE3CI
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aTyIbIH OCNriTi oMICTepiH TalAay HOTIKeCiHAe OecMmymieni (Gochazaukiaep IMUAA30IUANHI KYPBITBIMbBI
TYPIiHJE KENTIpUIreH, aa TeTPAUKIAl dochasanukiaep auazadocheTHIHHOHIAP KYPBUIBIMIbI, aIThIMYILIEi
¢docdazamukianep — auazopochopunep xoHe TprazadochoprHaHIHOHOHIAP TYPiHIE OONATBIHIBIFEI KOP-
cerireH. CHHTE3/IeNITeH JXoHE 3epTTeniHred Qochopranran OMnukiIai GucModeBHHaIap AUdochaanoHIs,
udochacnrpooKTaHANOH B! KoHe (hocdopiaHFaH TeTpaa3aOUIMKIOOKTaHIMOH/IBI KYPhUIBIMAApIa Kepce-
tinren. @ocdopranraH MOYEBUHA XUMUSI MEH TEXHOJIOTHSHBIH KOITEreH cajalapblHia KOJIaHyla KbI3bIFy-
LIBUIBIK TyFbI3abl. Docdopianran MOYEBHHATIAPABI CUHTE3/IET ajly IbIH dJficTepi OOWBIHINA 3epPTTEY KYMBbIC-
TapBIHBIH HOTHKEJIEPIH XKYileney HOTHKeCIHe 3epTTey i opi Kapail JaMbITy JKaHa THIMALIIr] dKOFapbl TopiTiK
3aTTap/bl ATy IbIH SMIICTEPiH 137eCTipyre MyMKIHIIK Oeperi.

Kinm ce30ep: moueBuHa, Gpocdoprany, reTepounKiiai Kocsuibictap, N-pocdounszonuanarrap, UMHAA30IUINH-
nep, muaszadochernanHonaep, auaszodochopunaep, tpuasadochopuHaHIMOHOHAAD, Audochaanonmap, 1u-
bocdacnupookrananonaap, hochopiaanraH TerpaazabHIMKIOOKTAHAHOHAAP, TIIUKOIYPHUIL.

A.A. Bakub6aes, K.b. XKymanos, C.}O. I[Tanpmuna, C.1. 'opoun, C.B. Manbkos,
N.I". Ho#, b.K. Macanumosa, I'.K. Marausizoa, O.A. baiibazaposa

MeTtoanbl cuaTe3a GochopuanpoBaHHBIX KAPOAMHICOAEPKANHX
AUMKJIMYECKUX U IreTePOLMKINYECKUX COeAUHEHHU I

B crarbe BrepBbie NPEANPHHSITA MOMbITKA CHCTEMATU3aLMH COBPEMEHHOTO COCTOSIHHS 3HaHUI B 00JIaCTH HC-
CIICZIOBaHHUS PEaKIMil MOYEBHH U MX FETEPOLIKINYECKIX POU3BOAHBIX ¢ hocdopcoaepKalMy peareHTaMu.
BBHy CYIIECTBEHHBIX PA3JIMYMil HCIIOIB3yEMBIX CyOCTPATOB U peareHTOB, B 0030pe METO/IbI OJIy4eHus doc-
(bOpUIMPOBAHHBIX a30TCOMEPIKAIIMX COCANHEHHUI COTJIACHO UX KOHEYHOH CTPYKTYpE CrpyIIUPOBAHbI 110 TPEM
HANpaBJIeHUsIM UX 00pa30BaHMS — CHHTE3 alMKIMYECKUX, MOHOLMKINYECKUX M OMLMKINYECKUX MOYEBHH.
Tak, B paboTe pacCMOTPEHBI METO/IbI OJIY4YeHHUs aMKINYecKuX N-(hochopHINpOBaHHBIX MOYEBHH PEaKIU-
MU cooTBeTcTBYOUX N-(hochon3onnaHaToB ¢ anupaTHieCKUMU U apOMAaTHYECKUMHU aMUHAMH Pa3IMYHOTO
CTPOEHHS, a TAKXKe NPHBEJICHBI PEJIKO NPHMEHIEMbIE AJIbTePHATATUBHBIE METOIbI CHHTE3a TAKOT'0 PO/ia COeaH-
HeHHH. AHaIN3 U3BECTHBIX METO/OB CHHTEe3a (HOCHOPUIIMPOBAHHBIX MOHOLMKIMYECKUX KapOaMuacoaepxa-
LIMX COCAMHEHHH CBHICTEIBCTBYET O TOM, YTO MSTHWICHHbIE (Ocha3aiKibl B GOJIBIIMHCTBE IPEICTABIICHEI
HMMHU/Ia30JIHIMHOBBIMH CTPYKTYpaMH, TOT/Ia Kak TeTpaiukindeckue docdazauukisl — auasapocderuuHo-
HaMH, a MecTHIeHHbIe (ochazanukiasl — auazodochopunamu u tpuazadochopunangnoHonamu. CHHTE3H-
POBaHHbIC ¥ M3Y4YEHHbIC (HOCHOPHIHPOBAHHBIC OUIMKINYECKHE ONCMOYEBHHBI TIPEACTaBICHBI Auochaano-
HOBBIMH, AU(GOCHACTUPOOKTAHIMOHOBEIMU H (pocHOpHINPOBaHHBIMH TeTpaa3aOHLIUKIOOKTaHJHOHOBBIMU
crpykrypamu. CamocrositenbHblid HHTEpeC (OoCcHOPUIMPOBAHHBIE MOYEBHHBI NPEACTABIAIOT Ul PAa3BUTHS
HEPCIEKTUB WX TPAKTUYECKOTO NIPUMEHEHHS B Pa3IMYHbIX 00JIACTAX XUMHUM U TexHosoruid. CrenaH BbIBOJ O
TOM, 4TO Ha OCHOBAHUH NPOBEIECHHOI CHCTEMaTU3aL1 PE3yJIbTaTOB SKCIIEPUMEHTAIBHBIX UCCIIEIOBAHUI 110
MeToaaM cuHTe3a GochOopHINPOBAHHBIX MOYEBHH MOXKHO OXHUJIATh, YTO UX Pa3BUTUE MO3BOJIUT HAWTH ITyTH
OJTyYEHHUS HOBBIX BBICOKOI(()EKTUBHBIX JICKAPCTBEHHBIX CPE/ICTB U CHHTOHOB HX MOJTy4YCHHS.

Kniouesvie cnosa: moueBuHa, pochopunupoBanue, reTeponuKIndeckie coequHeHus, N-hochon3onuanaTsl,
MMHJIA30JIIUHBL, qua3zadocheTnanHonsl, uaszodochopunsl, TpruazahochopuHaHIHOHOHE, TudocharoHbl,
nudochacnpookTaHANOHBI, (HOCHOPUITHPOBAHHBIC TETPAa3aOUIIMKIOOKTAHIUOHBI, TIIUKOITYPHIL.
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