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Abstract. Polymeric derivatives of crown ethers attract signifi cant research interest
due to their high specifi city in complex formation and broad potential applications in 
various technological processes. Compared to their low-molecular-weight analogs, 
these polymeric macroligands off er advantages such as reusability, ease of separation 
from solutions, enhanced sorption and complexation properties. They are used in 
sorption, ultrafi ltration, sensing, chromatography, and other processes requiring 
selective interaction with metal ions. This study investigates the synthesis and 
properties of new polysulfones containing crown ether fragments (DB12K4, DB18K6, 
DB24K8, DB30K10), obtained by polycondensation of bis (chlorosulfonyl) derivatives 
of crown ethers using Friedel–Crafts catalysts (FeCl3, AlCl₃, SnCl₄). The infl uence of 
catalyst type and concentration, temperature, and solvent on the yield and viscosity of 
the resulting polymers was examined. The highest yield was achieved using catalytic 
amounts of FeCl3 at 1200C. IR spectroscopy and thermogravimetric analysis confi rmed 
the high thermal stability of the synthesized polymers (up to 600°C). Sorption studies 
demonstrated that the selectivity and effi  ciency of alkali metal ion extraction depend 
on the size of the crown ether cavity, the nature of the solvent, and the macrocycle 
structure. It was shown that polymeric crown ethers exhibit higher complexation ability 
than their low-molecular counterparts. Thus, new thermally stable polycrownsulfones 
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with high selectivity toward alkali metal ions were successfully synthesized for the 
fi rst time, indicating their promising applications in analytical chemistry and separation 
technologies.

Keywords: polymeric crown ethers, dibenzocrown ethers, polycondensation, 
sorbents, selectivity   
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Аннотация. Краун эфирлердің полимерлік туындылары күрделі түзілудегі 
жоғары ерекшелігімен жəне əртүрлі технологиялық процестерде қолдану 
мүмкіндігімен зерттеушілердің назарын аударады. Төмен молекулалы 
аналогтармен салыстырғанда олардың артықшылығына қайталап қолдану 
мүмкіндігі, ерітінділерден оңай бөлу, сорбциялық жəне кешен түзу 
қасиеттерінің жақсаруы жатады. Мұндай макролиганды құрылымдар сорбцияда, 
ультрафильтрацияда, сенсорларда, хроматографияда жəне металл иондарымен 
таңдамалы əсерлесуді қажет ететін басқа да процестерде қолданылады. Жұмыста 
Фридель–Крафтс катализаторлары (FeCl3, AlCl₃, SnCl₄) көмегімен краун 
эфирлердің бисхлорсульфонил туындыларын поликонденсациялау əдісімен 
алынған краун эфир фрагменттері (ДБ12K4, ДБ18K6, ДБ24K8, ДБ30K10) бар жаңа 
полисульфондардың синтезі мен қасиеттері зерттеледі. Полимерлердің шығымы 
мен тұтқырлығына катализатордың табиғаты мен мөлшерінің, температура мен 
еріткіштің əсері анықталды. FeCl₃-ды каталитикалық мөлшерде жəне 120°С 
температурада қолданғанда ең жоғары өнімділікке қол жеткізілетіні анықталды. 
ИҚ-спектроскопия жəне термогравиметриялық талдау көмегімен синтезделген 
полимерлердің жоғары термиялық тұрақтылығы (600°С дейін) расталды. 
Сорбциялық қабілеттілікті зерттеу сілтілі металдар иондарын экстракциялаудың 
таңдамалылығы мен тиімділігі краун эфир сақинасының қуысының мөлшеріне, 
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еріткіштің табиғатына жəне макроцикл құрылымына байланысты екенін көрсетті. 
Төмен молекулалық аналогтармен салыстырғанда полимерлі краунды эфирлердің 
кешен түзу қабілеті жоғары екендігі анықталды. Осылайша, сілтілік металл 
иондарына жоғары таңдамалы, жаңа ыстыққа төзімді поликраун сульфондары 
алынды, бұл оларды аналитикалық химияда жəне бөлу технологияларында 
қолдану перспективаларын ашады.

Түйін сөздер: полимерлі краун эфирлер, дибензокроунды эфирлер, поликон-
денсация, сорбенттер, таңдамалылық
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Аннотация. Полимерные производные краун-эфиров привлекают внимание 
исследователей благодаря их высокой специфичности в комплексообразовании и 
перспективам применения в различных технологических процессах. Их преиму-
щества по сравнению с низкомолекулярными аналогами включают возможность 
многократного использования, удобство разделения из растворов, улучшенные 
сорбционные и комплексообразующие свойства. Такие макролигандные структу-
ры находят применение в сорбции, ультрафильтрации, сенсорике, хроматографии 
и других процессах, требующих селективного взаимодействия с ионами метал-
лов. В работе исследованы синтез и свойства новых полисульфонов, содержащих 
краун-эфирные фрагменты (ДБ12K4, ДБ18K6, ДБ24K8, ДБ30K10), полученных 
методом поликонденсации бисхлорсульфонильных производных краун-эфиров с 
использованием катализаторов Фриделя-Крафтса (FeCl₃, AlCl₃, SnCl₄). Выявлено 
влияние природы и количества катализатора, температуры и растворителя на вы-
ход и вязкость полимеров. Установлено, что наибольший выход достигается при 
использовании FeCl₃ в катализаторных количествах и температуре 120°C. С по-
мощью ИК-спектроскопии и термогравиметрического анализа подтверждена вы-
сокая термическая стабильность синтезированных полимеров (до 600°C). Иссле-
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дования сорбционной способности показали, что селективность и эффективность 
извлечения ионов щелочных металлов зависят от размера полости краун-эфир-
ного кольца, природы растворителя и структуры макроцикла. Установлено, что 
полимерные краун-эфиры обладают повышенной комплексообразующей способ-
ностью по сравнению с низкомолекулярными аналогами. Таким образом, получе-
ны новые теплостойкие поликраунсульфоны с высокой селективностью к ионам 
щелочных металлов, что открывает перспективы их применения в аналитической 
химии и технологиях разделения.

Ключевые слова: полимерные краун-эфиры, дибензокраун-эфиры, 
поликонденсация, сорбенты, селективность

Introduction. Polymeric crown compounds attract the attention of researchers due 
to the wide possibilities of their practical use as eff ective highly specifi c complexing 
agents. Such polymeric ligands, while retaining all the advantages of their low-
molecular-weight analogs, should have additional advantages associated with their 
macromolecular nature: ease of separation from solution, the possibility of multiple 
use, higher effi  ciency and speed of complexation (Duan, 2022; Jonathan, 2022; Borisov 
et.al., 2023; Huang, 2012). Polymeric macrocycles allow to create reagents of a new 
type for ultrafi ltration, fl otation, reverse osmosis, fl occulation, sorption, highly sensitive 
sensors for metal ions, where the use of low molecular weight crown ethers is impossible 
(FicaI et.al., 2010; Bezhin, 2015; Liu, 2012). With their help such practically important 
processes as selective separation of metal ions, concentration of microelements, ligand 
chromatography, interfacial catalysis, etc. are carried out. 

The state and prospects of research development in the fi eld of synthesis and 
application of polymeric crown ethers are fi rst summarized in monograph (Yergozhin 
et.al., 1994; Kurmanaliev et.al., 1997).  Special attention is paid to the regularities of 
their formation and mechanisms of complexation of macroligands with metal ions and 
molecules of some compounds.

There are three main ways to obtain such polymers: polymerization, polycondensation 
and polymeranalogous transformations of ready-made molecules, using which a variety 
of polymeric crown ethers have been created (Yergozhin et.al., 1995; Gargol et.al., 
2022; Dong, 2013). However, the range of polymeric crown ethers is small. In addition, 
many of them have a number of disadvantages that limit the possibilities and spheres of 
their application: it is the complexity and multistage of initial monomers, low thermal 
and chemical stability, low kinetic and sorption characteristics.

        Therefore, we are developing methods for the synthesis of new polymeric 
macrocycles based on available compounds with improved physicochemical and 
complexation properties. This paper analyzes the results of research on the synthesis 
and application of new supramolecular sorbents based on crown ethers. It should be 
noted that there are no data on the application of sulfochlorinated derivatives of crown 
ethers for these purposes.

Materials and methods. Dibenzo-12-crown-4 (DB12K4), dibenzo-18-crown-6 
(DB18K6), dibenzo-24-crown-8 (DB24K8), dibenzo-30-crown-10 (DB30K10) esters 
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produced (Cherkassy, Ukraine). 
Bischlorosulfonyl derivatives of crown ethers were prepared according to the 

procedure (Yergozhin, et.al. 1991, Abramov, 2000).
Method of polymer synthesis. Polysulfones based on bischlorosulphonyldibenzo-18-

crown-6 and dibenzo-18-crown-6. 0.90 g (0,01 mol) DB18C6 dissolved in nitrobenzene 
was charged into three-necked reactor equipped with mechanical agitator, refrigerator, 
thermometer, the 0,01 mol of catalyst (AlCl3, SnCl4 FeCl3) was added. Then 1,39 g (0,0l 
mol) of BCISDBI8C6 were added during few minutes. The reaction mixture was heated 
from 25° to 140° C. The reaction was carried out 5 h. The product was precipitated in 
methyl alcohol, washed by 10 % solution of hydrochloric acid to remove the catalyst 
then it was washed by chlorophorm, distilled by water up to the neutral reaction of 
washing water, then it was dried un high vacuum. Yield of polymer was equal to 85 %. 

The polycondensation of BChSDB24C8 with DADB24C8 was carried out according 
to the same method. The complexation properties were investigated by the limited 
solution volume method (Yergozhin et.al. 2020, Voloshina, 2014). Sorption of ions 
of alkali metals from aqueous and methanol solutions was studied according to the 
following method: weighed polymer (1,0 g) was placed into the fl ask of 200 ml, then it 
was poured by 0,1 M alcohol or aqueous solution of metal salt pf 100ml.The sorbents 
were separated for 24h. The concentration of metal ions in the fi ltrate was determined 
by fl ame spectrophotometry.

The content of metal ions in solution was determined by atomic adsorption method 
on a Shimadzu AAC-6650 fl ame atomization spectrophotometer. Nuclear magnetic 
resonance spectroscopy (NMR) spectra were recorded on a Mercury-300 spectrometer 
(300 and 100 MHz). Polymer structure studies were carried out by IR spectroscopy on 
a «Spectrum Two» IR spectrometer (Perkin Elmer) in the range from 4000 to 450 cm-1.     
Thermogravimetric analysis of synthesized polymers was carried out on a Perkin Elmer 
TGA 4000 derivatograph in air. The temperature rise rate was 10°C/min.

     Results and their discussion. It is known that in the presence of Friedel-Crafts 
catalysts sulfochlorides easily interact with aromatic hydrocarbons and some of their 
derivatives to form compounds containing sulfone bridges and possessing resistance to 
thermal and thermo-oxidative degradation (Borisov et.al., 2023). Chemical resistance of 
polysulfones is also high: they are resistant to mineral acids, alkalis, salt solutions, carbon 
oils. Their features are relatively low moisture absorption and dimensional stability of 
products in humid atmosphere (Gargol et.al., 2022). This whole spectrum of properties 
should be inherent in kraun-containing polysulfones as well. Therefore, we obtained 
such polymers for the fi rst time by polycondensation of bischlorosulfonyl-dibenzo-18-
crown-6 with dibenzo-18-crown-6 in the presence of Friedel-Crafts catalysts (FeCl3, 
AlCl3, SnCl4):
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The reaction was carried out in equimolar amounts of the initial monomers, since 
the yield of soluble polymer decreased in the presence of excess bischlorsulphonyl 
derivatives, possibly due to side processes. The application of large amounts of catalyst 
led to the same result.

Table 1 - Eff ect of the amount of catalysts on the yield and viscosity of crown-containing polysulfones
Catalysts Сcat

    Сcat

T, C0 Time, hour СHCI Yield, % Viscosity,
pr dl/g

AlCl3 1,00 50 20 1,50 13 0,06
SnCl4 1,00 50 20 1,40 30 0,09
FeCl3 1,00 50 20 1,22 34 0,12
FeCl3 1,00 120 20 1,21 32 0,28
FeCl3 1,00 120 5 1,19 28 0,26
FeCl3 0,1 120 5 1,10 72 0,33
FeCl3 0,01 120 5 1,00 85 0,58

As can be seen from table 1, the polymer yield depends signifi cantly on the amount 
of catalyst used. In its excess, side reactions occur, which create structural irregularities 
in the macromolecule:
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The formation of such structures is evidenced by Proton magnetic resonance (PMR) 
spectra of the obtained polymers. The character and intensity of signals resonating in 
the region of protons of the aromatic ring change, which confi rms not trisubstitution, 
but more. The duration of syntheses longer than 5 hour does not aff ect the yield and 
viscosity of the resulting polycrownsulfones. Using catalytic amounts of FeCl3 and a 
temperature of 1200C, the release of hydrogen chloride ceases and its amount reaches 
the calculated amount within 5 hour.

The infl uence of temperature and nature of the catalyst on the polymer yield was 
studied. It was found that the highest degree of transformation was achieved at a 
temperature of 100-120 sec, duration of synthesis 5 hour in the presence of solvents 
with proton-donor function Comparison of the completeness of the polycondensation 
reaction in the presence of Friedel-Crafts catalysts allows us to place them by activity in 
the following series: FeCl3>SnCl4>AlCl3.  This change in the activity of the catalysts in 
this process can be explained by the stability and activity of the intermediate catalyst-
sulfochloride group complex formed during the reaction. The strength of the catalyst-
sulfochloride group complex increases with increasing shift of the electron cloud from 
the donor atom to the acceptor atom, i.e., with increasing polarity of the coordination 
bond, which depends on the chemical properties of the catalyst.

The introduction of a strong electron acceptor group SO2 promotes the pulling of 
electrons from the aromatic ring and leads to a decrease in its sensitivity to electrophilic 
attack, so the entry of a second sulfonyl group into the benzene core of the crown 
ether becomes unlikely. Apparently, the presence of proton-donating crown rings also 
plays an important role. All these factors contribute to the synthesis of linear soluble 
polycrownsulfones.

As the temperature of the mixture increases during polycondensation, the polymer 
yield increases from 25% at 25°C to 86% at 100°C. At a suffi  ciently high temperature 
of 140°C the yield of the target product does not change signifi cantly, and at 250°C 
crosslinked polymers are formed. It is known (Ergozhin, et.al. 1995) that at temperatures 
above 250°C sulfochlorides decompose with the formation of radicals, which non-
selectively attacking the benzene ring, contribute to the appearance of fi rst branched and 
then cross-linked structures. Therefore, we did not use the method of synthesis in the 
melt, which requires high temperatures. Solvents used in the preparation of polysulfones 
should dissolve the catalyst and not react with it, be resistant to electrophilic attack of 
sulfonyl cations, dissolve the resulting macromolecule.   Such solvents include some 
chlorinated hydrocarbons (dichloromethane, dichloroethane, chlorinated biphenyl), 
nitro compounds (nitrobenzene, nitroethane, chloronitrobenzene) and various sulfones 
(dimethylsulfone, sulfolane, 4,4-dimethyldiphenylsulfone).

Dichloroethane and nitrobenzene turned out to be the most suitable medium in our 
case. As expected, the reaction of bichlorosulfonyl dibenzo-18-crown-6 with dibenzo-
18-crown-b in DMFA gives worse results, the viscosity of the obtained polymers is lower.  
In the IR spectra of polycrown sulfones, the absorption bands (cm-1) characteristic of the 
crown ether groups at 1130 (C-O-C bonds of the aliphatic series) and duplet frequencies 
at 1230, 1250 (C-O bonds at the aromatic ring) are retained. Absorption bands appear in 
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the region of 1125, 1340 cm-1 relating to symmetric and asymmetric valence vibrations 
of SO2- groups in sulfones.

Thermogravimetric analysis of polycrownsulfones indicates their high thermal 
stability. Loss of polymer mass when heated to 200 oC is 3%, complete decomposition 
of samples occurs at 600 oC. Thus, the insertion of macrocycles into the polymer chain 
leads to the production of polycrownsulfones, which 

can be classifi ed as heat-resistant ones. The selectivity of polymeric crown ethers 
in the separation of alkali metal ions depends on the size of the crown-ring cavity. The 
results of investigation of complexation properties of synthesized polycrownsulfones 
towards alkali metal ions under static conditions from standard solutions show that 
regardless of the nature of anions the following sequence of extraction of cations with 
DB12K4, DB18K6 and DB24K8 groups Li+ > Na+ > K+ > Rb+ ,  K+ > Rb+ > Na+ >Cs+ 

> Li+ и  Cs+ > Rb+ > K+ >Na+ > Li+, respectively.  Polysulfone with DB30K10 groups 
does not show selectivity for K+, Na+ и Cs+  ions (Table 2). Conducting complexation 
in alcoholic solutions contributes to an increase in the degree of extraction, which is 
associated with less hydration of metal salts in these media. The higher complexation 
ability of polycraunsulfone compared to low-molecular analogs is due to the eff ect of 
the polymer chain.

The selectivity of the complexation ability of crown ethers, and consequently, the 
effi  ciency of extraction of a particular metal from solution depend to a large extent on 
the correspondence between the size of the cavity diameter of the polyether cycle and 
the cation of the extracted alkali metal, the nature of the substituent in the macrocycle, 
and the type of donor atoms.

Table 2 - Results of investigation of complexation properties of synthesized polycrownsulfones
Crown ether group Crown ether group 

content, mmol/g
Exchange capacity, mmol/g

 Li+ Na+ K+ Rb+ Cs+

DB12K4 2,98 0,62 0,54 0,38 0,19 trace amount
DB 18K6 2,36 0,12 0,80 1,93 1,18 0,62
DB 18K8 1,95 0,08 0,54 1,00 2,30 1,68
DB 30K10 1,66 0,20 0,48 1,25 1,27 1,30

Thus, for the fi rst time, the optimal conditions for the preparation of kraun-containing 
polysulfones with high thermal stability capable of selectively separating alkali metal 
ions were established.

Conclusions. In this study, novel crown ether-containing polysulfones were 
successfully synthesized through the polycondensation of bis(chlorosulfonyl) 
derivatives of dibenzo-crown ethers in the presence of Friedel–Crafts catalysts. The 
infl uence of various synthesis parameters, including catalyst type and concentration, 
temperature, and solvent nature, on the polymer yield and properties was thoroughly 
investigated. Optimal reaction conditions were identifi ed, providing high yields and 
favorable viscosities of the resulting polymers.

Spectroscopic (IR, NMR) and thermal analyses confi rmed the formation of the target 
polycrownsulfones and demonstrated their high thermal stability, with decomposition 
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temperatures reaching up to 600°C. The synthesized polymers exhibited selective 
complexation capabilities towards alkali metal ions, with extraction effi  ciency depending 
on the size of the crown ether cavity and the solvent medium. The use of alcoholic 
solutions signifi cantly enhanced metal ion sorption due to reduced hydration eff ects.

The obtained polycrownsulfones not only maintain the advantageous complexation 
characteristics of their low-molecular-weight counterparts but also off er improved 
physicochemical stability, reusability, and enhanced extraction effi  ciency. These 
properties make them promising candidates for application in selective ion separation, 
analytical chemistry, sensor development, and other advanced separation technologies.
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