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Б А С   Р Е Д А К Т О Р:
БЕНБЕРИН Валерий Васильевич, медицина ғылымдарының докторы, профессор, ҚР ҰҒА академигі, Қазақстан 

Республикасы Президенті Іс Басқармасы Медициналық орталығының директоры (Алматы, Қазақстан), H = 11

Р Е Д А К Ц И Я Л Ы Қ   А Л Қ А:
РАМАЗАНОВ Тілекқабыл Сәбитұлы, (бас редактордың орынбасары), физика-математика ғылымдарының 

докторы, профессор, ҚР ҰҒА академигі (Алматы, Қазақстан), Н = 26
РАМАНҚҰЛОВ Ерлан Мирхайдарұлы, (бас редактордың орынбасары), профессор, ҚР ҰҒА корреспондент-

мүшесі, Ph.D биохимия және молекулалық генетика саласы бойынша Ұлттық биотехнология орталығының бас 
директоры (Нұр-Сұлтан, Қазақстан), H = 23

САНГ-СУ Квак, PhD (биохимия, агрохимия), профессор, Корей биоғылым және биотехнология ғылыми-зерттеу 
институты (KRIBB), өсімдіктердің инженерлік жүйелері ғылыми-зерттеу орталығының бас ғылыми қызметкері, 
(Дэчон, Корея), H = 34

БЕРСІМБАЕВ Рахметқажы Ескендірұлы, биология ғылымдарының докторы, профессор, ҚР ҰҒА академигі, 
Еуразия ұлттық университеті. Л.Н. Гумилев (Нұр-Сұлтан, Қазақстан), H = 12

ӘБИЕВ Руфат, техника ғылымдарының докторы (биохимия), профессор, Санкт-Петербург мемлекеттік 
технологиялық институты «Химиялық және биотехнологиялық аппаратураны оңтайландыру» кафедрасының 
меңгерушісі, (Санкт-Петербург, Ресей), H = 14

ЛОКШИН Вячеслав Нотанович, медицина ғылымдарының докторы, профессор, ҚР ҰҒА академигі, 
«PERSONA» халықаралық клиникалық репродуктология орталығының директоры (Алматы, Қазақстан), H = 8

СЕМЕНОВ Владимир Григорьевич, биология ғылымдарының докторы, профессор, Чуваш республикасының 
еңбек сіңірген ғылым қайраткері, «Чуваш мемлекеттік аграрлық университеті» Федералдық мемлекеттік бюджеттік 
жоғары білім беру мекемесі Акушерлік және терапия кафедрасының меңгерушісі, (Чебоксары, Ресей), H = 23

ФАРУК Асана Дар, Хамдар аль-Маджида Хамдард университетінің шығыс медицина факультеті, Шығыс 
медицинасы колледжінің профессоры, (Карачи, Пәкістан), H = 21

ЩЕПЕТКИН Игорь Александрович, медицина ғылымдарының докторы, Монтана штаты университетінің 
профессоры (Монтана, АҚШ), H = 27

КАЛАНДРА Пьетро, PhD (физика), наноқұрылымды материалдарды зерттеу институтының профессоры (Рим, 
Италия), H = 26

МАЛЬМ Анна, фармацевтика ғылымдарының докторы, профессор, Люблин медицина университетінің 
фармацевтика факультетінің деканы (Люблин, Польша), H = 22

БАЙМҰҚАНОВ Дастан Асылбекұлы, ауыл шаруашылығы ғылымдарының докторы, ҚР ҰҒА корреспон-
дент мүшесі, "Мал шаруашылығы және ветеринария ғылыми-өндірістік орталығы" ЖШС мал шаруашылығы 
және ветеринарлық медицина департаментінің бас ғылыми қызметкері (Нұр-Сұлтан, Қазақстан), Н=1

ТИГИНЯНУ Ион Михайлович, физика-математика ғылымдарының докторы, академик, Молдова Ғылым 
Академиясының президенті, Молдова техникалық университеті (Кишинев, Молдова), Н = 42

ҚАЛИМОЛДАЕВ Мақсат Нұрәділұлы, физика-математика ғылымдарының докторы, профессор, ҚР ҰҒА 
академигі (Алматы, Қазақстан), Н = 7

БОШКАЕВ Қуантай Авғазыұлы, Ph.D. Теориялық және ядролық физика кафедрасының доценті, әл-Фараби  
атындағы Қазақ ұлттық университеті (Алматы, Қазақстан), Н = 10

QUEVEDO Hemando, профессор, Ядролық ғылымдар институты (Мехико, Мексика), Н = 28
ЖҮСІПОВ Марат Абжанұлы, физика-математика ғылымдарының докторы, теориялық және ядролық физика 

кафедрасының профессоры, әл-Фараби  атындағы Қазақ ұлттық университеті (Алматы, Қазақстан), Н = 7
КОВАЛЕВ Александр Михайлович, физика-математика ғылымдарының докторы, Украина ҰҒА академигі, 

Қолданбалы математика және механика институты (Донецк, Украина), Н = 5
ТАКИБАЕВ Нұрғали Жабағаұлы, физика-математика ғылымдарының докторы, профессор, ҚР ҰҒА академигі, 

әл-Фараби  атындағы Қазақ ұлттық университеті (Алматы, Қазақстан),  Н = 5
ХАРИН Станислав Николаевич, физика-математика ғылымдарының докторы, профессор, ҚР ҰҒА академигі, 

Қазақстан-Британ техникалық университеті (Алматы, Қазақстан), Н = 10
ДАВЛЕТОВ Асқар Ербуланович, физика-математика ғылымдарының докторы, профессор, ҚР ҰҒА академигі, 

әл-Фараби  атындағы Қазақ ұлттық университеті (Алматы, Қазақстан), Н = 12
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Г Л А В Н Ы Й   Р Е Д А К Т О Р: 
БЕНБЕРИН Валерий Васильевич, доктор медицинских наук, профессор, академик НАН РК, директор 

Медицинского центра Управления делами Президента Республики Казахстан (Алматы, Казахстан),  H = 11

Р Е Д А К Ц И О Н Н А Я   К О Л Л Е Г И Я:
РАМАЗАНОВ Тлеккабул Сабитович,  (заместитель главного редактора), доктор физико-математических наук, 

профессор, академик НАН РК (Алматы, Казахстан), Н = 26
РАМАНКУЛОВ Ерлан Мирхайдарвич, (заместитель главного редактора), профессор, член-корреспондент НАН 

РК, Ph.D в области биохимии и молекулярной генетики, Генеральный директор Национального центра биотехнологии 
(Нур-Султан, Казахстан), H = 23

САНГ-СУ Квак, доктор философии (Ph.D, биохимия, агрохимия), профессор, главный научный сотрудник, Научно-
исследовательский центр инженерных систем растений, Корейский научно-исследовательский институт бионауки и 
биотехнологии (KRIBB), (Дэчон, Корея), H = 34

БЕРСИМБАЕВ Рахметкажи Искендирович, доктор биологических наук, профессор, академик НАН РК, 
Евразийский национальный университет им. Л.Н. Гумилева (Нур-Султан, Казахстан),  Н = 12

 АБИЕВ Руфат, доктор технических наук (биохимия), профессор, заведующий кафедрой «Оптимизация 
химической и биотехнологической аппаратуры», Санкт-Петербургский государственный технологический инсти тут 
(Санкт-Петербург, Россия), H = 14 

ЛОКШИН Вячеслав Нотанович, доктор медицинских наук, профессор, академик НАН РК, директор 
Международного клинического центра репродуктологии «PERSONA» (Алматы, Казахстан),  H = 8

СЕМЕНОВ Владимир Григорьевич, доктор биологических наук, профессор, заслуженный деятель науки 
Чувашской Республики, заведующий кафедрой морфологии, акушерства и терапии, Федеральное государственное 
бюджетное образовательное учреждение высшего образования «Чувашский государственный аграрный университет» 
(Чебоксары, Чувашская Республика, Россия),  H = 23

 ФАРУК Асана Дар, профессор Колледжа восточной медицины Хамдарда аль-Маджида, факультет вос точной 
медицины Университета Хамдарда (Карачи, Пакистан), H = 21  

ЩЕПЕТКИН Игорь Александрович, доктор медицинских наук, профессор Университета штата Монтана 
(США),  H = 27

КАЛАНДРА Пьетро, доктор философии (Ph.D, физика), профессор Института по изучению нанострук ту-
рированных материалов (Рим, Италия), H = 26

МАЛЬМ Анна, доктор фармацевтических наук, профессор, декан фармацевтического факультета Люблин ского 
медицинского университета (Люблин, Польша), H = 22

БАЙМУКАНОВ Дастанбек Асылбекович, доктор сельскохозяйственных наук, член-корреспондент НАН РК, 
главный научный сотрудник Департамента животноводства и ветеринарной медицины ТОО «Научно-производственный 
центр животноводства и ветеринарии» (Нур-Султан, Казахстан), Н=1

ТИГИНЯНУ Ион Михайлович, доктор физико-математических наук, академик, президент Академии наук 
Молдовы, Технический университет Молдовы (Кишинев, Молдова), Н = 42

КАЛИМОЛДАЕВ Максат Нурадилович, доктор физико-математических наук, профессор, академик НАН РК 
(Алматы, Казахстан), Н = 7

БОШКАЕВ Куантай Авгазыевич, доктор Ph.D, преподаватель, доцент кафедры теоретической и ядерной физики, 
Казахский национальный университет им. аль-Фараби (Алматы, Казахстан), Н = 10

QUEVEDO Hemando, профессор, Национальный автономный университет Мексики (UNAM), Институт ядерных 
наук (Мехико, Мексика), Н = 28

ЖУСУПОВ Марат Абжанович, доктор физико-математических наук, профессор кафедры теоретической и 
ядерной физики, Казахский национальный университет им. аль-Фараби (Алматы, Казахстан), Н = 7

КОВАЛЕВ Александр Михайлович, доктор физико-математических наук, академик НАН Украины,  Институт 
прикладной математики и механики (Донецк, Украина), Н = 5

ТАКИБАЕВ Нургали Жабагаевич, доктор физико-математических наук, профессор, академик НАН РК, 
Казахский национальный университет им. аль-Фараби (Алматы, Казахстан), Н = 5

ХАРИН Станислав Николаевич, доктор физико-математических наук, профессор, академик НАН РК, 
Казахстанско-Британский технический университет (Алматы, Казахстан), Н = 10

ДАВЛЕТОВ Аскар Ербуланович, доктор физико-математических наук, профессор, академик НАН РК, Казахский 
национальный университет им. аль-Фараби (Алматы, Казахстан), Н = 12
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TSHEPETKIN Igor Aleksandrovich, Doctor of Medical Sciences, Professor at the University of Montana 
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 Abstract. The ability of crown ether compounds to effectively react with metal ions 
underlies their practical use. The selectivity of compounds depends on the structure of 
the ligands in the molecule, the presence of functional groups and donor atoms in it. It 
is known that the high selectivity of the reagents depends not only on the nature of the 
donor atoms in the ring, but also on the stability of the ring structure. The preparation of 
polymers containing a thiacrown ether group is an urgent task, since such groups make 
it possible to obtain selective sorbents.

The purpose of this work is the synthesis of new selective sorbents containing a 
thiacrown ether group and the study of their complexing properties with respect to 
silver ions. To obtain polymers for this purpose, the reaction of the interaction of a 
gel and a porous copolymer of chloromethylated styrene and divinylbenzene (HMS) 
with aminobenzothiacrown ethers was studied. Using various influencing factors, it was 
possible to obtain sorbents with a high exchange capacity (2.5 mmol/g). When studying 
the sorption of silver(I) ions from aqueous solutions by a supramolecular sorbent with a 
thiacrown ether group, it was shown that the optimal pH value is 6, the contact time is 60 
min. The maximum sorption capacity of the sorbent for silver (I) ions reaches 240.8 mg/g.

Keywords: thiacrown ether, sorption capacity, copolymer of styrene and 
divinylbenzene, silver ions.
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Аннотация. Краун–эфирлі қосылыстардың металл иондарымен талғамды 
әрекеттесу қабілеті, олардың практикада қолданылуының негізі болып табылады. 
Қосылыстардың талғамдылығы, молекула құрамындағы лигандтардың 
құрылысына, ондағы фунционалды топтар мен донорлы атомдардың болуына 
байланысты. Реагенттердің жоғары талғамды болуы, циклдегі донорлы 
атомдардың табиғатына ғана емес, сол цикл құрылымының тұрақтылығына 
да тәуелді болатыны белгілі. Құрамында тиакраун тобы бар полимерлер алу 
өзекті мәселе болып табылады, өйткені ондай топтар талғампаз сорбентер алуға 
мүмкіндік береді. 

Жұмыстың мақсаты – құрамында тиакраун – эфир тобы бар жаңа селективті 
сорбенттер синтезі және олардың күміс  иондарына қатысты комплекс түзу 
қасиеттерін зерттеу. Осындай мақсаттағы полимерлер алу үшін гелді және 
кеуекті хлорметилденген стирол және дивинилбензол сополимері (ХМС)  мен 
аминобензотиакраун-эфирлердің әрекеттесу реакциясы зерттелді. Әсер ететін 
әртүрлі факторларды қолдана отырып, алмасу сыйымдылығы жоғары (2,5 
ммоль/г) сорбенттер алуға қол жеткіздік. Сулы ерітінділерден  тиакраун-эфир 
тобы бар супрамолекулалық сорбентпен күміс(I) иондарының сорбциялануын 
зерттеу  үшін оңтайлы рН мәні 6 болатынын көрсетті, жанасу уақыты 60 мин. 
Күміс (I) иондарына қатысты сорбенттің максималды сорбциялық қабілеті 240,8 
мг/г жетеді.

Түйін сөздер: тиакраун-эфир, сорбциялық сыйымдылық, стирол және 
дивинилбензол сополимері, күміс иондары. 
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Аннотация. Способность краун-эфирных соединений эффективно 
реагировать с ионами металлов лежит в основе их практического использования. 
Селективность  соединений зависит от строения лигандов в молекуле, наличия 
в ней функциональных групп и донорных атомов. Известно, что высокая 
селективность реагентов зависит не только от природы донорных атомов в цикле, 
но и от устойчивости структуры цикла. Получение полимеров, содержащих 
тиакраун-эфирную группу, является актуальной задачей, поскольку такие группы 
позволяют получать селективные сорбенты.

Цель работы – синтез новых селективных сорбентов, содержащих тиакраун-
эфирную группу, и изучение их комплексообразующих свойств по отношению 
к ионам серебра. Для получения полимеров для этой цели была изучена 
реакция взаимодействия геля и пористого сополимера хлорметилированного 
стирола и дивинилбензола (ГМС) с аминобензотиакраун-эфирами. Используя 
различные воздействующие факторы, удалось получить сорбенты с высокой 
обменной емкостью (2,5 ммоль/г). При изучении сорбции ионов серебра(I) из 
водных растворов супрамолекулярным сорбентом с тиакраун-эфирной группой 
было показано, что оптимальное значение рН равно 6, время контакта 60 мин. 
Максимальная сорбционная емкость сорбента по ионам серебра (I) достигает 
240,8 мг/г.

Ключевые слова: тиакраун-эфир, сорбционная емкость, сополимер стирола и 
дивинилбензола, ионы серебра.

Introduction. 
One of the achievements of recent decades is the use of synthetic macrocyclic 

compounds (Crown esters and cryptands) and their acyclic analogues (podants) as a 
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complex inhibitor for сation, anion and neutral low molecular weight substances, which 
is of great interest from a scientific and practical point of view. Currently, many new 
macrocyclic compounds have been synthesized, and the scope of their application is 
also sharply increasing (Jonathan 2022; Zhaozhao 2022).

Sorbents based on thia-crown ethers are used to extract heavy metals from radioactive 
waste solutions and to purification of aqueous solutions from metal ions Co2+, Sr2+ etc. 
They are also used for selective removal of strontium from solutions of radioactive 
waste and spent nuclear fuel, for radiochemical analysis (determination of strontium in 
water, soil and biological materials), for separation of strontium and yttrium isotopes 
(Gromov, 2020).

The structure of complexes of metal ions with сrown compounds is unique: metal 
ions enter the internal cavities of ligand molecules, the selectivity of complex formation 
in the first approximation is determined by the correspondence between the size of the 
metal cation and the size of the cavity. The study of these complexes made it possible to 
formulate the concept of relatively weak multicenter interactions, which contributed to 
the development of receptor-substrate interaction patterns developed in supramolecular 
chemistry (Steed, 2022). 

The use of polymeric sorbents containing macrocyclic compounds and their open-
chain analogs for separation and preconcentration is preferable in some cases to 
extraction for a number of reasons. First, they are easier to recycle and recover for reuse, 
second, crown-containing sorbents are cheaper and less toxic than their monomeric 
counterparts, and third, the efficiency of analyte extraction by monomeric macrocyclic 
compounds is reduced in some cases due to their partial solubility in water. This problem 
can be partially solved by attaching Crown compounds to a suitable matrix (Yergozhin, 
et.al. 1994, Kurmanaliev, et.al. 1997; Yakshin, 1992).

Immobilization of macrocyclic compounds on a solid carrier surface can be 
accomplished by the following methods (Yergozhin, et.al. 1994): 

- due to the formation of a chemical bond during the reaction between the functional 
groups of a Crown compound and the functional groups of an organic (polymer) or 
inorganic solid carrier.

- Crown impregnation of compounds into a solid porous carrier. 
This method is quite simple, but its disadvantage is the lack of chemical bonding 

between the Crown compound and the solid carrier. As a result, macrocyclic compounds 
from the support surface can be washed off in the sorption system. Despite this 
disadvantage, porous carriers impregnated with less soluble compounds can be used in 
ion fission (Yakshin, 2010;  Bezhin, 2017; Bezhin, 2015; Voloshina, 2014). 

Among heteroatoms in macrocycles other than oxygen, which provide stable 
formation of complexes with heavy and transition metal ions, sulfur, whose atom is an 
electronic analog of oxygen, is of great importance. On the other hand, the presence 
of such heteroatoms in the ring structure of the molecule ensures the coincidence of 
donor atoms and atoms of metals and soft acids and bases in the macrocycle (Pearson’s 
concept) (Yergozhin, et.al. 2005; Gromov, 2020; Tsarkova, 2014). Nevertheless, crown-
complex polymers containing sulfur atoms in the ring are still not fully understood 
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(Abramov, 2000; Volchkova, 2013). In view of these conditions, the search for new 
methods for the synthesis of polymeric thiacraun- ether compounds, the study of their 
physicochemical and complexing properties is currently one of the urgent problems.

The aim of this work is to synthesize new selective supramolecular sorbents 
containing thiacraun-ether group and to study their complexation properties towards 
silver ions.

Experimental (Materials and methods)
Gel and macroporous chloromethylated copolymers of styrene and divinylbenzene 

(HMC, 8% divinylbenzene) containing 18.2% chlorine were used.  Aminbenzothiakown-
esters (Dmitrieva, et.al. 2007) were obtained using the method cited in the work:

      

                                        here а – Х = S, У = О, n =O
b – X = S, Y=O,  n = 1
c – X = S, Y = O, n = 2
d – X = S, Y = O, n = 3
e – X = O, Y = S, n = 1

Silver nitrate was also used. To obtain high-water polymers having sorption ability 
and a certain degree of swelling, yellow copolymer of chloromethylated styrene and 
divinylbenzene (20 g) was placed in a three-necked flask equipped with a reflux 
condenser, a thermometer and a mechanical stirrer and dimethylformamide (10-15 ml) 
was added and stirred until the polymer swelled. After one hour, after swelling of the 
polymer, aminobenzo-5,11-dithia-15-crown-5 was added to the flask. This mixture in 
the flask was stirred at high speed for 6-8 hours at 90°C.e silver nitrate was used.

 The reaction product was cooled to room temperature, filtered, washed with distilled 
water, and the resulting polycraun-ether compound was dried to a stable mass.

Chemically pure silver nitrate AgNO3 was used to prepare solutions of different 
concentrations. Samples of solutions of Ag+ cations with specific silver concentration 
from 0.1 to 2.0 mg/ml were prepared by dilution of silver nitrate solutions. Adsorption 
of Ag+ ions from the solutions was carried out in static mode at room temperature 
(Yergozhin, et.al. 2020). For this purpose, 1 g of adsorbent was taken and 50 ml of silver 
solution of known concentration of 0.1-2.0 mg/mL silver was added. The solutions were 
left for twenty-four hours for equilibration at a given temperature. During this time, 
exchange processes and sorption of silver ions in the sorbents took place between the 
solution and the sorbent. After 0.5, 1, 2 and 24 hours, the equilibrium concentration of 
silver in the solutions was determined.
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The concentration of Ag+ ions in solutions was determined by the atomic adsorption 
process (30-35B, Perkin Elmer, USA). IR spectra are recorded on the Vector-22 Fourier 
spectrometer in KBr tablets.

Results and discussion
Polymer crown ethers is a widely used method in the field of synthesis of esters, 

which is the immobilization of macrocyclic low molecular weight compounds into 
carrier polymers. To obtain polymers of this purpose, the reaction of the interaction of 
the gel and porous chloromethylated styrene and divinylbenzene copolymer (HMC) 
and the macrocyclic compound aminobenzo-5,11-dithia-15-crown-5 (ABDT15K5) was 
studied:

The properties of polymers immobilized by crown-ether functional groups will 
depend mainly on how much of these functional groups are included in the composition 
of polymers, i.e. the size. The degree of immobilization of the copolymer of the HMS by 
crown-ether functional groups will depend on several factors. The main factors are: the 
purity and relationships of monomers, the concentration of the solution, the temperature 
and time of the reaction, and the nature of the solvent. The reaction results are shown in 
Table 1, where a - X = S, Y = O, n = O; b - X = S, Y=O, n = 1; c - X = S, Y = O, n = 2; 
d - X = S, Y = O, n = 3; e - X = O, Y = S, n = 1.  Using different exposure factors, we 
were able to obtain sorbents with high exchange capacity. For sorbent composition b - X 
= S, Y = O, n = 1, the optimal conditions are as follows: transformation depth 91.2%, 
CAC 2.4 mmol/g, Ag+ ion sorption capacity 2.4 mmol/g.

Using various influencing factors, we managed to obtain sorbents with a high 
exchange capacity.

 It should be noted that the obtained sorbents with the thiacraun ether group do not 
sorb alkali and alkali-earth metals.

The resulting sorbent structure was studied by IR spectroscopy. In the IR spectrum 
of the sorbent, the following oscillations are observed: at 3448 cm-1 – oscillation of 
the NH-group, –C=O-groups – 1733 cm-1, bending oscillation of the NH-group – 1641 
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cm-1, tensile oscillation of the –C-C- bonds of the aromatic ring – 1539 cm-1, bending 
oscillation –C-C- bonds in the aromatic ring - 1075-1027 cm-1 (in the plane of the 
aromatic ring) and 914-693 cm-1 (outside the plane of the aromatic ring).

Table 1. Results of immobilization of macrocycles in polymer carriers

Aminobenzothiacrown ether Transformation depth, % САС, mmol / g Sorption capacity on 
Ag+ ions, mmol / g

 а 92,1 2,5 1,8
 b 91,2 2,4 2,4
с 90,8 2,0 1,6
d 89,0 1,8 1,4
 e 92,0 2,4 1,0

 
The concentration of hydrogen ions (the effect of medium pH) in the liquid phase 

is one of the most important factors affecting the balance of the complex formation 
reaction of metal ions with sorbents. Sorption of Ag (I) ions was carried out under static 
conditions of an aqueous medium, the changing parameter was only the acidity of the 
medium (pH = 3-8). The same amount (50,000 mg) of sorbent was added to conical 
flasks of the same capacity and shape. The total volume of the liquid phase and the 
concentration of metal ions in each flask remained constant. according to the results of 
azhiribe, the degree of sorption passes through a maximum of around pH 6. This can be 
explained by the fact that when the pH is low, the adsorption of Ag(I) ions is low. when 
the pH increases and reaches a value of 6, sorption sites will be available. Consequently, 
the adsorption of silver(I) ions increases. This suggests that the mechanism of sorption 
of Ag (I) ions is strongly dependent on pH. A pH value of 6 was used as the optimum 
pH for further studies. Fig. 1 shows graphically the dependence of sorption capacity of 
the sorbent on pH.

Figure – 1 Dependence of the sorbent’s sorption capacity on the pH of the medium; m-30 mg, V=20 
ml, SME =10-2 mol/l
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The contact time of the sorbent and the liquid medium is an important indicator that 
affects the sorption and capacitance of metal ions. To study the effect of contact time, 
50 mg of sorbent was added to 50 ml conical flasks. The total volume of the liquid 
phase was 20 ml. The results of the experiment showed that Ag(I) sorption increases 
over time. Full sorption of Ag(I) occurs in one hour under static conditions. Figure 2 
graphically shows the dependence of the sorption capacity of the sorbent on the time of 
contact.

Figure – 2 Effect of contact time on sorption capacity; m-30 mg, V=20 ml, SME =10-2 mol/l

The study of the kinetic characteristics of the sorbent was carried out at a temperature 
of 20°C in model solutions with an initial concentration of C0 = 1 mg /ml Ag+. 

The resulting kinetic curve has a classic type: with an increase in the process time, the 
residual concentration of silver in the solution decreases. The most noticeable decrease, 
corresponding to an effective course of adsorption, is observed in the first hour.  The 
almost linear course of the kinetic curve in this section allows us to assume the first 
kinetic order of the process. 

 

      where C is the concentration of silver in the solution; k is the velocity constant (min -1). 
       

The integration of this equation makes it possible to obtain a kinetic model of the adsorption of 
silver ions with a sulfur sorbent based on thiacraun-ether and calculate the velocity constant: 
 

 
 

where C is the concentration of silver in the solution; k is the velocity constant (min -1).
The integration of this equation makes it possible to obtain a kinetic model of the 

adsorption of silver ions with a sulfur sorbent based on thiacraun-ether and calculate the 
velocity constant:

 

 

      where C is the concentration of silver in the solution; k is the velocity constant (min -1). 
       

The integration of this equation makes it possible to obtain a kinetic model of the adsorption of 
silver ions with a sulfur sorbent based on thiacraun-ether and calculate the velocity constant: 
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The first order of the reaction can correspond to the diffusion and kinetic zones 
of the process. However, given that the diffusion coefficients of most metal ions in 
aqueous solutions are at the level of 10-4-10-5 cm2/s-1, it can be assumed that the overall 
adsorption rate is limited. it is through the process of diffusion of mercury ions into the 
active centers of the sorbent. The high content of sulfur atoms in the sorbent ensures 
the rapid course of the adsorption action along the complex-coordination mechanism.

But the formation of such a complex requires a certain geometric correspondence 
between the location of sulfur atoms on the surface of a solid sorbent, which is not 
always possible. It was seen that in the case of coordination of silver with a smaller 
number of sulfur atoms, an effective complex is registered.

The effect of the initial concentration of Ag+. To determine the amount of metal 
adsorbed by the solid phase, solutions were prepared in advance, the concentration of 
Ag(I) ions of which ranged from 0.4·10-3 to 8.0·10-3 mol/l. The results of the experiment 
showed that with an increase in the initial concentration of the metal, the amount of 
adsorbed Ag(I) ions increases, reaching a maximum of 8.0‧10-3 mol/l. A further 
increase in the initial metal concentration does not result in a significant change in 
the amount of adsorbed Ag(I) ions. The estimated maximum adsorption capacity of 
the sorbent relative to the absorbed Ag(I) ions was 240.8 mg/g. The dependence of 
the sorption capacity of the sorbent on the initial concentration of silver (I) ions is 
graphically shown in Figure 3.

 Figure – 3 Effect of the initial concentration of ag (I) ions on the sorption capacity; m-30 mg, 
V=20ml

 
The sorption capacity of the sorbent relative to Ag (I) ions was calculated using the 

following formula:
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A=(C0-Cτ)∙V/m,

where C0, Cτ – initial and equilibrium concentrations of metal ions, mmol/l; m - mass 
of sorbent, g; V–volume of salt solutions, l. 

Effect of ionic force. The dependence of sorption capacity on the ionic strength of the 
solution was studied. Silver was sorbed from solutions containing 0.1-1.4 M KCl. The 
presence of KCl increased the adsorption capacity to the value μ = 1.0. Further, there 
was a significant decrease in metal sorption from KCl solutions with a concentration of 
more than 1.0 M. All subsequent experiments were carried out in solutions with an ionic 
strength of 1.0 M.

Desorption research. The ability to regenerate and reuse macrocyclic sorbents 
depends on the nature of the functional groups and the stability of the complex formed 
in the sorbent phase. Sorbent samples were packed in conical flasks of the same capacity 
and shape. To obtain metal ions absorbed by the sorbent, mineral and organic acids 
HNO3, CH3COOH of different concentrations (0.5; 1.0; 1.5; 2.0 M) were used. The 
results of the experiment showed that a solution of 0.5 m HNO3 has the best elucidation 
properties in relation to silver (I) ions in the solid phase: the sorption capacity after 
desorption changed to a value of 42.75 mg/g. For comparison, the desorption of silver 
ions with a solution of CH3COOH at the same concentration (0.5 M) was 8.44 mg/g.

Conclusions
The synthesis of new selective sorbents containing thia-crawn-ether group and their 

complexing properties towards silver ions have been studied. It is shown that the reaction 
of gel and porous chloromethylated copolymer of styrene and divinylbenzene (HMS) and 
aminobenzothiacraun-esters leads to polymers for this purpose.Gel- and macroporous 
chloromethylated copolymers of 18.2% chlorinated styrene and divinylbenzene (HMS, 
8% divinylbenzene) immobilized by functional groups of crown ether. The composition 
of the high-ester crown-ether sorbent b - X = S, Y=O, n = 1: transformation depth 91.2 
%, CAC 2.4 mmol/g, sorption capacity for Ag+ ions 2.4 mmol/g.

Thus, the ability of the proposed new polymeric sorbents to form complexes depends 
on the ratio of reagents, the nature of the silver-containing reagent, the size of the 
macrocycle, and the dentancy of the ligand determined by the amount of sulfur in the 
thiacraun ethers. The maximum sorption capacity was achieved with a 15-membered 
crown ether.

To study the sorption of silver(I) ions from aqueous solutions by a supramolecular 
sorbent containing a synthetic thiacraun-ether group, it was shown that the optimum 
pH value was 6 and the contact time was 60 min. With respect to silver (I) ions, the 
maximum sorption capacity of the sorbent reaches 240.8 mg/g.
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