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Öèêëîäåêñòðèíâì³ñí³ ïîë³ìåðè: ñèíòåç ³ âèêîðèñòàííÿ
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²íñòèòóò õ³ì³¿ âèñîêîìîëåêóëÿðíèõ ñïîëóê ÍÀÍ Óêðà¿íè
48, Õàðê³âñüêå øîñå, Êè¿â, 02160, Óêðà¿íà

Âèêëàäåíî îñíîâí³ ìåòîäè îòðèìàííÿ ïîë³ìåð³â ³ ïîë³ìåðíèõ ñèñòåì ð³çíîìàí³òíî¿ áóäîâè íà
îñíîâ³ àáî ç âèêîðèñòàííÿì öèêëîäåêñòðèí³â (ÖÄ). Òàê³ ñèñòåìè ö³êàâ³ òèì, ùî, ç îäíîãî áîêó,
ìîæëèâèé ïðîöåñ âêëþ÷åííÿ ó ïîðîæíèíó ÖÄ ìîëåêóëè-„ãîñòÿ”, à ç äðóãîãî – óòðèìàííÿ
ñóáñòðàòó âëàñíå ïîë³ìåðíîþ ñ³òêîþ, óòâîðåíîþ ìàêðîöèêëàìè ÖÄ. Çàâäÿêè òàêèì
âëàñòèâîñòÿì öèêëîäåêñòðèíâì³ñí³ ïîë³ìåðè ïðåäñòàâëÿþòü ³íòåðåñ ÿê ç íàóêîâî¿ (âèâ÷åííÿ
ð³çíèõ ìîäåëüíèõ âçàºìîä³é), òàê ³ ç ïðàêòè÷íî¿ òî÷îê çîðó. Íàâåäåíî ïðèêëàäè âèêîðèñòàííÿ
ÖÄ òà ¿õ ïîõ³äíèõ ÿê ôîðïîë³ìåð³â äëÿ ðîçðîáêè øèðîêîãî ä³àïàçîíó ïîë³ìåðíèõ ñ³òîê ³
êîìïëåêñ³â, â³ä õðîìàòîãðàô³÷íèõ ñîðáåíò³â (äëÿ ðîçä³ëåííÿ ðàöåìàò³â) äî ì³ìåòèê³â åíçèì³â.
Ïîêàçàíî, ùî òàê³ ïîë³ìåðè ìîæóòü çíàéòè âèêîðèñòàííÿ â ñåíñîðíèõ òåõíîëîã³ÿõ ³ â
åëåêòðîííèõ ïðèñòðîÿõ, à òàêîæ ÿê ñîðáåíòè òà êàòàë³çàòîðè.

Êëþ÷îâ³ ñëîâà: öèêëîäåêñòðèíè (ÖÄ), êîìïëåêñ-âêëþ÷åííÿ, ïîë³ìåðè, ñîðáåíòè, êàòàë³çàòîðè.

Âñòóï.
Ïåðñïåêòèâíèì íàïðÿìîì äîñë³äæåíü ó õ³ì³¿ âèñî-

êîìîëåêóëÿðíèõ ñïîëóê º ñòâîðåííÿ ïîë³ìåð³â ³ ôóíê-
ö³îíàëüíèõ ìàòåð³àë³â íà îñíîâ³ ìàêðîöèêë³â ïðèðîä-
íîãî (öèêëîäåêñòðèíè) òà ñèíòåòè÷íîãî ïîõîäæåííÿ
(êðàóí-åòåðè, êàë³êñàðåíè òà ³í.). Òàê³ ìàêðîöèêë³÷í³
ìîëåêóëè çàâäÿêè ñâî¿é ñòðóêòóð³ ìàþòü óí³êàëüíó âëàñ-
òèâ³ñòü óòâîðþâàòè êîìïëåêñè âêëþ÷åííÿ òèïó «ã³ñòü-
õàçÿ¿í» ç áàãàòüìà îðãàí³÷íèìè ñïîëóêàìè, à òàêîæ
ñóïðàìîëåêóëÿðí³ ñòðóêòóðè ð³çíî¿ ³ºðàðõ³¿, ùî ðîáèòü
¿õ ö³êàâèìè îá’ºêòàìè äëÿ íàóêîâèõ äîñë³äæåíü ³ ïåðñ-
ïåêòèâíèìè ñèñòåìàìè äëÿ ïðàêòè÷íîãî çàñòîñóâàííÿ
ó ôàðìàöåâòè÷í³é òà ìåäèêî-á³îëîã³÷í³é ãàëóçÿõ, ó õàð-
÷îâ³é ïðîìèñëîâîñò³ òà ñ³ëüñüêîìó ãîñïîäàðñòâ³ [1–5].

Îñîáëèâå ì³ñöå ñåðåä óñ³õ ìàêðîöèêë³â çàéìàþòü
öèêëîäåêñòðèíè (ÖÄ) – öèêë³÷í³ îë³ãîìåðè D-ãëþêîçè,
ÿê³ º ïðîäóêòàìè ôåðìåíòàòèâíîãî ã³äðîë³çó êðîõìà-
ëþ (äðóãîãî çà ïîøèðåí³ñòþ ïîë³ñàõàðèäó â ïðèðîä³).
Ñïî÷àòêó ÖÄ áóëè íàäçâè÷àéíî äîðîãèìè, àëå ó 1970-õ
ðîêàõ øëÿõîì ãåííî¿ ³íæåíåð³¿ áóëè âèä³ëåí³ âèñîêî-
ñïåöèô³÷í³ ôåðìåíòè — ãëþêîçèëòðàíñôåðàçè
(Cyclomaltodextringlucanotransferase), ÿê³ âèÿâèëèñü
ïðèäàòíèìè äî ìàéæå ñåëåêòèâíîãî îòðèìàííÿ ÖÄ ³ç

êðîõìàëþ, ùî ïðèâåëî äî çíà÷íîãî çíèæåííÿ ¿õ ö³íè ³
çðîáèëî íàòèâí³ ÖÄ äîñòóïíèìè ³ áàãàòîííàæíèìè
ïðîäóêòàìè [6].

Öèêëîäåêñòðèíè ñêëàäàþòüñÿ ç ãëþêîï³ðàíîçíèõ
ôðàãìåíò³â (ðèñ. 1) ³ ìîæóòü ì³ñòèòè â³ä øåñòè äî òðè-
íàäöÿòè òàêèõ îäèíèöü: α-ÖÄ ìàº ø³ñòü, β-ÖÄ ì³ñòèòü
ñ³ì ³ γ-ÖÄ – â³ñ³ì ãëþêîçíèõ ôðàãìåíò³â. ÖÄ ç ê³ëüê³ñòþ
ìåíøîþ, í³æ ø³ñòü ãëþêîçíèõ çàëèøê³â, íå ìîæóòü ³ñíó-
âàòè ÷åðåç ñòåðè÷í³ óñêëàäíåííÿ [7].

Ãëþêîï³ðàíîçí³ îäèíèö³ ÖÄ íàé÷àñò³øå ïåðåáóâà-
þòü ó êîíôîðìàö³¿ 4Ñ1.

D-ãëþêîï³ðàíîçí³ ôðàãìåíòè ó ÖÄ ç’ºäíàí³ α-1,4 -
ãëþêîçèäíèìè çâ’ÿçêàìè ³ â ðåçóëüòàò³ òàêîãî ñïîñîáó
çâ’ÿçêó óòâîðþºòüñÿ êîíóñîïîä³áíà ôîðìà ìîëåêóëè,
ÿêà ìàº (äëÿ n ãëþêîçíèõ çàëèøê³â) îäíå ê³ëüöå, ïîáó-
äîâàíå ç n ïåðâèííèõ ã³äðîêñèëüíèõ ãðóï, ³íøå ê³ëüöå
ïîáóäîâàíå ç 2n âòîðèííèõ ÎÍ-ãðóï, à âíóòð³øíÿ ïî-
ðîæíèíà ì³ñòèòü ðÿä ÑÍ-ãðóï (Ñ-3 êàðáîíè), åòåðí³
êèñí³ òà ðÿä ÑÍ-ãðóï ó ïîëîæåíí³ Ñ-5. ×àñòî ìîëåêóëó

Ðèñ. 1 Êîíôîðìàö³¿ ãëþêîï³ðàíîçè
Ðèñ. 2. Õ³ì³÷íà ñòðóêòóðà (1) ³ ïðîñòîðîâà ìîäåëü

ìîëåêóëè β-ÖÄ (2)

1 2

Îãëÿä
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ÖÄ â³äîáðàæàþòü ÿê óñ³÷åíèé êîíóñ (ðèñ. 2), íà âåðõ-
íüîìó â³íö³ (á³ëüø øèðîêîìó) ÿêîãî ðîçòàøîâàí³ âòî-
ðèíí³ ã³äðîêñèëüí³ ãðóïè, à íà íèæíüîìó (âóçüêîìó) –
ïåðâèíí³ (â äåÿêèõ âèïàäàõ òàêà ôîðìà ìîæå çíà÷íî
â³äõèëÿòèñÿ â³ä ³äåàëüíî¿ ñèìåòð³¿).

Çäàòí³ñòü ÖÄ äî óòâîðåííÿ êîìïëåêñ³â âêëþ÷åííÿ
çà ðàõóíîê ã³äðîôîáíèõ ìîëåêóëÿðíèõ ïîðîæíèí çó-
ìîâëþº ¿õ âèêîðèñòàííÿ ïðè ðîçðîáö³ ôóíêö³îíàëü-
íèõ ïîë³ìåð³â. Ó ðåçóëüòàò³ õ³ì³÷íîãî çøèâàííÿ ÖÄ òà
¿õí³õ ïîõ³äíèõ á³ôóíêö³îíàëüíèìè àãåíòàìè (àðîìà-
òè÷í³ òà àë³ôàòè÷í³ ä³³çîö³àíàòè, ä³àíã³äðèäè êàðáîíî-
âèõ êèñëîò, åï³õëîðã³äðèí òîùî) óòâîðþþòüñÿ îë³ãîìå-
ðè òà ïîë³ìåðè ð³çíîìàí³òíî¿ áóäîâè: ë³í³éí³, ðîçãàëó-
æåí³, ñëàáî àáî ñèëüíî çøèò³, ÿê³ ìîæóòü áóòè ðîç÷èí-
íèìè àáî íåðîç÷èííèìè ó âîä³ [8]. Òàê³ ñèñòåìè ö³êàâ³
òèì, ùî, ç îäíîãî áîêó, ìîæëèâèé ïðîöåñ âêëþ÷åííÿ
ó ïîðîæíèíó ÖÄ ìîëåêóëè-„ãîñòÿ”, à ç äðóãîãî – óòðè-
ìàííÿ ñóáñòðàòó âëàñíå ïîë³ìåðíîþ ñ³òêîþ, ùî óòâî-
ðåíà ìàêðîöèêëàìè ÖÄ.

Âîäîíåðîç÷èíí³ ïîë³ìåðè íà îñíîâ³ β-ÖÄ îòðèìó-
þòü äâîìà øëÿõàìè [9]: ïåðøèé ç íèõ ïîëÿãàº ó êîâà-
ëåíòíîìó çâ’ÿçóâàíí³ ìàêðîöèêë³â ÖÄ ç íåðîç÷èííîþ
ïîë³ìåðíîþ ìàòðèöåþ (ÿê ïðàâèëî íåîðãàí³÷íî¿ ïðè-
ðîäè, íàïðèêëàä ñèë³êàãåëü) (ðèñ. 3À). Äðóãèé ïåðåä-
áà÷àº ðåàêö³þ ì³æ ã³äðîêñèëüíèìè ãðóïàìè ìîëåêóë
ÖÄ ç ðåàêö³éíèìè ãðóïàìè ïîë³ìåðíîãî ëàíöþãà
(ðèñ. 3Â) àáî çøèâàþ÷îãî àãåíòà (ðèñ. 3Ñ), ó ðåçóëüòàò³
÷îãî ìîæóòü óòâîðþâàòèñÿ ÿê îë³ãîìåðè, òàê ³ íåðîç-
÷èíí³ çøèò³ ãåëåïîä³áí³ ñèñòåìè, ðîç÷èíí³ ïîë³ìåðè òà
êîïîë³ìåðè.
²ìîá³ë³çàö³ÿ öèêëîäåêñòðèí³â íà ïîë³ìåðíèõ íîñ³ÿõ.

 Çâ’ÿçóâàííÿ ìîëåêóë ÖÄ íà íåðîç÷èííîìó íîñ³¿,
ÿêèé ôîðìóº ìàòðèöþ (ðèñ. 3À), â³äáóâàºòüñÿ òàêèì
÷èíîì, ùî ÖÄ ìîæå â³ëüíî âêëþ÷àòè ìîëåêóëè ðå÷î-
âèí ³ç ðîç÷èí³â ó ñâî¿ ïîðîæíèíè. Ö³ ìàòåð³àëè òàêîæ

íàçèâàþòü ³ììîá³ë³çîâàíèìè öèêëîäåêñòðèíîâèìè
ñìîëàìè. Íîñ³ÿìè ìîæóòü áóòè ñåôàðîçà (sepharose),
àãàðîçà (agarose), öåëþëîçà, ïîë³ãë³öèäèëìåòàêðèëàò,
ïîë³àêðèëàì³ä, ïîë³ñòèðîë, ïîë³àì³íè.

Îïóáë³êîâàíî âåëèêó ê³ëüê³ñòü ðîá³ò, äå îïèñàíà
³ììîá³ë³çàö³ÿ ÖÄ íà ïîðèñòèé ñèë³êàãåëü [10–14]. Îä-
íèì ç ìåòîä³â îòðèìàííÿ òàêèõ ìàòåð³àë³â º ïîêðèòòÿ
ïîðèñòèõ ãðàíóë ñèë³êàãåëþ ÖÄ-âì³ñíèìè ïîë³ìåðàìè
àáî ìåòèëüîâàíèìè ÷è àöåòèëüîâàíèìè ïîõ³äíèìè ÖÄ.
Íàïðèêëàä, ïîë³ìåð áóëî ñèíòåçîâàíî ðåàêö³ºþ ÖÄ ç
åï³õëîðã³äðèíîì (ÅÕÃ), íà äðóã³é ñòàä³¿ éîãî ìîäèô³êó-
âàëè 2,3-åïîêñèïðîï³ëòðèìåòèëàìîí³é õëîðèäîì ç ìå-
òîþ ââåäåííÿ êàò³îííèõ ãðóï äëÿ ïîñèëåííÿ àäñîðáö³¿
íà ïîâåðõí³ ñèë³êàãåëþ [10].

Êîëè ÖÄ ïðèºäíàí³ äî ïîâåðõí³ ìàòðèö³ ÷åðåç îäíó
ÎÍ-ãðóïó, öå äàº ìîæëèâ³ñòü äëÿ á³ëüø åôåêòèâíèõ âçàº-
ìîä³é ïðè óòâîðåíí³ êîìïëåêñ³â «ã³ñòü-õàçÿ¿í» ³ ñïðèÿº
ðîçä³ëåííþ åíàíò³îìåð³â. Ìàòåð³àë ç âèñîêîñåëåêòèâ-
íèìè âëàñòèâîñòÿìè áóëî îòðèìàíî ïîêðèòòÿì ñèë³êà-
ãåëåâèõ ãðàíóë âîäîðîç÷èííèì ë³í³éíèì ïîë³ìåðîì,
ÿêèé ñèëüíî àäñîðáóºòüñÿ íà ïîâåðõí³, íàïðèêëàä ïîë³-
åòèëåí³ì³íîì, ç íàñòóïíîþ éîãî ðåàêö³ºþ ç ìîíîòî-
çèë-6-β-ÖÄ [11]. Öÿ ñèñòåìà çäàòíà äî ðîçä³ëåííÿ îðòî-,
ìåòà- òà ïàðà-³çîìåð³â äåÿêèõ ïîõ³äíèõ áåíçåíó ³ ìàº
ïðèéíÿòíó ñòàá³ëüí³ñòü. Òàêèé ï³äõ³ä áóâ âèêîðèñòàíèé
³ â îáåðíåíî-ôàçîâ³é ð³äèíí³é õðîìàòîãðàô³¿ äëÿ ðîçä³-
ëåííÿ åíàíò³îìåð³â. Ç³ çá³ëüøåííÿì ê³ëüêîñò³ ÖÄ çðîñ-
òàº ðîçä³ëåííÿ, öå ñâ³ä÷èòü ïðî òå, ùî âêëþ÷åííÿ ìîëå-
êóë àíàë³ò³â ó ïîðîæíèíó ÖÄ â³ä³ãðàº ãîëîâíó ðîëü ó
ðîçä³ëåíí³. Äî ³íøèõ ôàêòîð³â, ÿê³ âïëèâàþòü íà óòðè-
ìàííÿ, íàëåæàòü êèñëîòíî-îñíîâí³ âçàºìîä³¿ ì³æ ñóá-
ñòðàòîì ³ øàðîì ïîë³ìåðó òà ã³äðîôîáí³ âçàºìîä³¿.

Òàêîæ áóëî îòðèìàíî àääóêò ðåàêö³ºþ ïîë³àë³ëàì³-
íó ç ìîíîòîçèë-6-β-ÖÄ, ï³ñëÿ ÷îãî íèì ïîêðèâàëè ñèë³-
êàãåëåâ³ ãðàíóëè ³ ïðîâîäèëè ïîïåðå÷íå çøèâàííÿ åï³-
õëîðã³äðèíîì äî îòðèìàííÿ ìàòåð³àëó ç ãàðíîþ ñòà-
á³ëüí³ñòþ ³ çäàòí³ñòþ äî ðîçä³ëåííÿ ³çîìåðíèõ ôåíîëü-
íèõ ñïîëóê [12].

Êîðïîðàö³ÿ Sigma-Aldrich ïðîïîíóº ðÿä êîìåðö³é-
íèõ ñîðáåíò³â äëÿ ð³äèííî¿ õðîìàòîãðàô³¿ ï³ä òîðãîâîþ
ìàðêîþ Cyclobond I ³ Cyclobond II, ÿê³ ñêëàäàþòüñÿ ç
ñèë³êàãåëþ, ïîêðèòîãî β-ÖÄ ³ γ-ÖÄ â³äïîâ³äíî. ÎÍ-ãðó-
ïè ïðèùåïëåíîãî β-ÖÄ ó öèõ ñîðáåíòàõ ìîæóòü áóòè
çàì³ùåí³ íà ìåòèëüíó, àöåòèëüíó, 2,6-äèí³òðî-4-òðè-
ôëóîðîìåòèë ôåí³ëåòåðíó ãðóïè, ã³äðîêñèïðîï³ë åòåð-
íó, íàôòèëåòèëêàðáàìàòíó, ç ÿêèõ äâ³ îñòàíí³ ìàþòü
îïòè÷íî àêòèâíèé àòîì âóãëåöþ. Äî ìåõàí³çì³â ðîçä³-
ëåííÿ íà öèõ ñîðáåíòàõ â³äíîñÿòü ÿê óòâîðåííÿ êîìï-
ëåêñ³â âêëþ÷åííÿ, òàê ³ âçàºìîä³þ ç ïîâåðõíåþ ÖÄ [13].
²ñíóº çíà÷íà ê³ëüê³ñòü ïóáë³êàö³é ç âèêîðèñòàííÿì ñîð-
áåíò³â Cyclobond äëÿ ðîçä³ëåííÿ åíàíò³îìåð³â ç ìåòîþ
âèä³ëåííÿ ô³ç³îëîã³÷íî àêòèâíèõ ôîðì [15]. Á³ëüø âóçü-
êå âèêîðèñòàííÿ ÖÄ ìàþòü ó ãàçîâ³é õðîìàòîãðàô³¿.
Ô³ðìà Supelco ïðîïîíóº êàï³ëÿðí³ êâàðöåâ³ êîëîíêè ç
ôåí³ëâì³ñíèì ïîë³ñèëîêñàíîì, ïîêðèòèì ìåòèëüîâà-
íèìè α-, β- ³ γ -ÖÄ, òîðãîâèõ ìàðîê α-DEX, β-DEX, ³

Ðèñ. 3. Ñõåìàòè÷íå çîáðàæåííÿ âèä³â
öèêëîäåêñòðèíâì³ñíèõ ïîë³ìåð³â
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γ-DEX â³äïîâ³äíî äëÿ ðîçä³ëåííÿ îïòè÷íèõ ³çîìåð³â êèñ-
ëîò, àì³í³â, ñïèðò³â, ä³îë³â, ñèëàí³â, òåðï³íåîë³â òîùî.
Âèêîðèñòàííÿ â ãàçîâ³é õðîìàòîãðàô³¿ öèõ ñîðáåíò³â
îáìåæåíå òåìïåðàòóðíîþ ñòàá³ëüí³ñòþ ÖÄ ³ ¿õ çäàò-
í³ñòþ äî îêèñíåííÿ çà ï³äâèùåíèõ òåìïåðàòóð. Òàê,
ìàêñèìàëüíî äîïóñòèìà òåìïåðàòóðà âèêîðèñòàííÿ
ñîðáåíò³â íà îñíîâ³ α-, β- ³ γ -ÖÄ ñòàíîâèòü 220, 170 ³
120 °Ñ â³äïîâ³äíî [13].

Â³äîìî âèêîðèñòàííÿ ñèë³êàãåëþ, îáðîáëåíîãî α-
ÖÄ (íàòèâíèì, ïîçèòèâíî çàðÿäæåíèì ³ êàðáîêñèìå-
òèëüîâàíèì), äëÿ êîíòðîëüîâàíîãî âèâ³ëüíåííÿ àíòè-
á³îòèê³â ìåòðîí³äàçîëó òà êëîôàçèì³íó [14]. Ìîíîçàì³-
ùåí³ àì³íîïîõ³äí³ α- ³ β-ÖÄ áóëè ³ììîá³ë³çîâàí³ íà ïîë³-
àêðèëàì³ä³ (Á³îãåëü), à ï³ñëÿ éîãî àêòèâàö³¿
ñóêöèí³ëã³äðàçèäîì îòðèìàíî ñòàö³îíàðí³ ôàçè äëÿ
ðîçä³ëåííÿ ïîõ³äíèõ áåíçåíó [16]. Îòðèìàíî ïîë³êàï-
ðîëàêòîíîâ³ íàíîâîëîêíà, ïîêðèò³ β-ÖÄ, äîñë³äæåíî ¿õ
àíòèîêñèäàíòó àêòèâí³ñòü ³ ôîòîñòàá³ëüí³ñòü ùîäî êâåð-
öåòèíó òà α-òîêîôåðîëó [17, 18].
Ïðèºäíàííÿ ÖÄ äî ïîë³ìåðíîãî ëàíöþãà.

ÖÄ-âì³ñí³ ïîë³ìåðè îòðèìóþòü øëÿõîì ïðèºäíàí-
íÿ ÖÄ äî ïîë³ìåðíîãî ëàíöþãà, ùî ì³ñòèòü ÷èñëåíí³
ðåàêö³éíîçäàòí³ ãðóïè, àáî íàâïàêè, øëÿõîì ïðèºäíàí-
íÿ ôóíêö³îíàë³çîâàíèõ ðåàêö³éíîçäàòíèõ ÖÄ äî ïîë³-
ìåðíî¿ îñíîâè (ðèñ. 3Â). Ó áàãàòüîõ âèïàäêàõ òàêå ïðè-
ºäíàííÿ çíèæóº ðóõëèâ³ñòü ÖÄ ³ ¿õ äîñòóïí³ñòü äëÿ ãîñ-
òüîâèõ ìîëåêóë. Äëÿ ïîäîëàííÿ öüîãî íåäîë³êó ñèíòå-
çóþòü ìîíîôóíêö³îíàë³çîâàí³ ÖÄ [19]. Íàïðèêëàä áóëè
îòðèìàí³ ìîíîâ³í³ëçàì³ùåí³ ïîõ³äí³ ðåàêö³ºþ ìîíî-6-
òîçèë-ÖÄ ç åòèëåíä³àì³íîì ç ïîäàëüøîþ ðåàêö³ºþ ç
ãë³öèäèëìåòàêðèëàòîì [20]. Êîïîë³ìåðèçàö³ºþ öèõ ïî-
õ³äíèõ ç ã³äðîêñ³åòèëàêðèëàòîì, ³í³ö³éîâàíîþ àìîí³é
ïåðñóëüôàòîì àáî íàòð³é á³ñóëüô³òîì, áóëè îòðèìàí³
ã³äðîãåë³ ç «ï³äâ³øåíèìè» ÖÄ, ÿê³ çíà÷íî ñïîâ³ëüíþâà-
ëè âèâ³ëüíåííÿ ³íêàïñóëüîâàíîãî ìåëàòîí³íó [21].

Ìîíî-6-òîçèë-ÖÄ áóëî êîïîë³ìåðèçîâàíî ç ïîë³-
â³í³ëàì³íîì ³ îòðèìàíî ë³í³éíèé ïîë³ìåð ç á³÷íèìè
ãðóïàìè ÖÄ, ÿêèé âèêîðèñòîâóâàëè ÿê êàòàë³çàòîð
ã³äðîë³çó ï-í³òðîôåí³ëàöåòàòó. Ïîêàçàíî êîîïåðàòèâ-
íèé åôåêò ÖÄ çàëèøê³â ³ NH2-ãðóï, âèùó øâèäê³ñòü
ã³äðîë³çó â ñèñòåìàõ, ùî ì³ñòÿòü á³ëüøó ê³ëüê³ñòü àì³-
íîãðóï [22]. Ðåàêö³ºþ ïîë³àë³ëàì³íó ç ìîíîòîçèë-β-ÖÄ
îòðèìàíî ïîë³ìåðè ç ï³äâ³øåíèìè ÖÄ-ôðàãìåíòàìè
(ó á³÷íèõ â³äãàëóæåííÿõ), ÿê³ çäàòí³ äî óòâîðåííÿ ñóï-
ðàìîëåêóëÿðíèõ ñòðóêòóð õåëàòíîãî òèïó ç ï³ðåíîì.
Êîíñòàíòà àñîö³àö³¿ òàêèõ õåëàò³â áóëà âèùà, í³æ äëÿ
âèõ³äíîãî β-ÖÄ ³ çàëåæàëà â³ä ñòóïåíÿ çàì³ùåííÿ òà ðÍ
[23].

Ñåð³þ êàò³îííèõ ë³í³éíèõ ïîë³åëåêòðîë³ò³â áóëî ñèí-
òåçîâàíî êîïîë³ìåðèçàö³ºþ 6-Î-(3-õëîðî-2-ã³äðîêñè-
ïðîï³ë)-ÖÄ ³ç ïîë³(1-â³í³ë³ì³äàçîëîì). Ïîêàçàíî, ùî òàê³
ïîë³ìåðè ìîæóòü áóòè âèêîðèñòàí³ â ñåíñîðíèõ òåõíî-
ëîã³ÿõ ³ â åëåêòðîííèõ ïðèñòðîÿõ [24].

Âèõ³äíèé ã³äðîô³ëüíèé îðãàí³÷íèé ãåëü òèïó G3000
PW áóâ àêòèâîâàíèé åï³õëîðã³äðèíîì ç íàñòóïíîþ
ðåàêö³ºþ ç β-ÖÄ àáî ìîíîàçèäîì β-ÖÄ ç ìåòîþ

îòðèìàííÿ ìàòåð³àëó, ïðèäàòíîãî äëÿ ðîçä³ëåííÿ àðî-
ìàòè÷íèõ ñïîëóê ç êàðáîêñèëüíèìè ãðóïàìè â åêñ-
êëþç³éí³é õðîìàòîãðàô³¿. Çðîñòàííÿ ÷àñó óòðèìóâàí-
íÿ áóëî ïîÿñíåíå ã³äðîôîáíèìè òà ³îííèìè âçàºìîä³-
ÿìè ì³æ àì³íîöèêëîäåêñòðèíîì ³ ãîñòüîâîþ ìîëåêó-
ëîþ. Òàêà âçàºìîä³ÿ (çà ïðèíöèïîì «õàçÿ¿í-ã³ñòü») º
îäíèì ç ö³êàâèõ ìîìåíò³â ó õðîìàòîãðàô³¿, ïðè ÿê³é
ðîçä³ëåííÿ éäå çà äâîìà âèäàìè âçàºìîä³é: ³îííèõ ³ óò-
âîðåííÿ êîìïëåêñ³â âêëþ÷åííÿ [25].

Çøèâàííÿì ÖÄ çà äîïîìîãîþ ÅÏÕ çà íàÿâíîñò³
ïîë³â³í³ëîâîãî ñïèðòó (ÏÂÑ) ìîæíà îòðèìóâàòè ãðà-
íóëè, ïëàñòèíêè àáî âîëîêíà. Òàêèé ïîë³ìåð áóâ âèêî-
ðèñòàíèé äëÿ ô³ëüòðóâàííÿ öèãàðêîâîãî äèìó, àä-
ñîðáö³¿ ôîñôîðîðãàí³÷íèõ ñïîëóê ç âîäíîãî ñåðåäî-
âèùà, ðîçä³ëåííÿ àì³íîêèñëîò ó êîëîíî÷í³é õðîìàòî-
ãðàô³¿ [26]. ÏÂÑ ó òàêèõ ñèñòåìàõ ï³äâèùóâàâ ìåõàí³÷í³
âëàñòèâîñò³ êîïîë³ìåð³â. Êîïîë³ìåðèçàö³ºþ ÏÂÑ, ÃÌÄ²
³ α-ÖÄ áóëè îòðèìàí³ ìåìáðàíè, ïðîíèêí³ñòü ÿêèõ, çîê-
ðåìà äëÿ òîëóåíó, ï³äâèùóâàëàñü ïðè çàì³í³ ÖÄ íà ïîë³-
ðîòàêñàíè [27].

Îòðèìàííÿ çøèòèõ ÖÄ ìîæëèâå òàêîæ ³ øëÿõîì
âçàºìîä³¿ ç ïîë³ìåðàìè, ÿê³ ì³ñòÿòü ðåàêö³éíîçäàòí³ ãðó-
ïè. ²íòåíñèâíî âèâ÷àëàñÿ ìîäèô³êàö³ÿ ïîë³åòèëåíãë³-
êîëþ (ÏÅÃ) äëÿ íàñòóïíîãî çøèâàííÿ ÖÄ, îñê³ëüêè ÏÅÃ
á³îëîã³÷íî ñóì³ñíèé íå³ìóíîãåííèé ìàòåð³àë, çà ïåâ-
íèõ óìîâ çäàòíèé äî á³îäåãðàäàö³¿. Îïèñàíî ñèíòåç ÖÄ-
ÏÅÃ ã³äðîãåë³â, îòðèìàíèõ øëÿõîì ðåàêö³¿ àì³íîôóíê-
ö³îíàë³çîâàíîãî ÏÅÃ ç àêòèâîâàíèìè ãåêñàìåòèëåíä³-
³çîö³àíàòîì (ÃÌÄ²) ÖÄ (äâ³ ³çîö³àíàòí³ ãðóïè íà 1 ìî-
ëåêóëó ÖÄ) [28].

Ïðè ïåðåõîä³ â³ä ñï³ââ³äíîøåííÿ ÖÄ-ÏÅÃ ç 1:4 äî
2:1 áóëè îòðèìàí³ ãåë³ ç ìåíøèì ñòóïåíåì íàáóõàííÿ
âíàñë³äîê ï³äâèùåííÿ ÷àñòîòè çøèâàííÿ. Äî ãåëþ áóëî
ââåäåíî òðè êîìïîíåíòè: ë³çîçèì, åñòðàä³îë ³ õ³í³í øëÿ-
õîì éîãî çàíóðåííÿ íà ïåâíèé ÷àñ ó ðîç÷èí â³äïîâ³ä-
íîãî êîìïîíåíòà. Âèâ÷åíî âèâ³ëüíåííÿ öèõ ðå÷îâèí
çàëåæíî â³ä ñêëàäó ãåëþ. Â òîé ÷àñ ÿê ïîãëèíàííÿ ³ âè-
â³ëüíåííÿ ë³çîçèìó çàëåæàëî â³ä ãóñòîòè ñ³òêè, ïîãëè-
íàííÿ ³ âèâ³ëüíåííÿ ã³äðîôîáíèõ íèçüêîìîëåêóëÿðíèõ
åñòðàä³îëó ³ õ³í³íó á³ëüø çàëåæàëî â³ä ¿õ âçàºìîä³¿ ç öèê-
ëîäåêñòðèíîâèìè ôðàãìåíòàìè ãåëþ. Ã³äðîãåëü ç óðå-
òàíîâèìè çâ’ÿçêàìè áóëî îòðèìàíî ï³ñëÿ ðåàêö³¿ ÏÅÃó,
ÿêèé ì³ñòèâ íà ê³íöÿõ ³çîö³àíàòí³ ãðóïè ç ÖÄ. Ïðè ï³äâè-
ùåíí³ ìîëåêóëÿðíî¿ ìàñè ÏÅÃ ³ çá³ëüøåíí³ âì³ñòó ÖÄ
çðîñòàëà ³íòåíñèâí³ñòü íàáóõàííÿ ãåëþ [29].

Êð³ì ìîäèô³êàö³¿ ³çîö³àíàòàìè ÏÅÃ áóëî ôóíêö³î-
íàë³çîâàíî àêðèëî¿ëõëîðèäîì ³ âèêîðèñòàíî äëÿ çøè-
âàííÿ ÖÄ. Íà â³äì³íó â³ä óðåòàíâì³ñíèõ ãåë³â, ãåë³ ç åñ-
òåðíèìè çâ’ÿçêàìè çäàòí³ äî ã³äðîë³òè÷íîãî ðîçêëàäàí-
íÿ ³ á³îäåãðàäàö³¿ â ñåðåäîâèù³ îðãàí³çìó ëþäèíè.
Øâèäê³ñòü äåãðàäàö³¿ çà ô³ç³îëîã³÷íèõ óìîâ çàëåæàëà
â³ä ñêëàäó ãåëþ ³ ñòàíîâèëà ìàêñèìóì 6 äí³â. Òàêîæ ö³
ãåë³ áóëè äîñë³äæåí³ íà ìîæëèâ³ñòü àêóìóëþâàííÿ òà
âèâ³ëüíåííÿ 1-íàôòîëó ÿê ìîäåëüíî¿ ñïîëóêè [30].

ÏÅÃ ç åïîêñèäíèìè ãðóïàìè âèêîðèñòîâóâàëè äëÿ
îòðèìàííÿ ïîë³ìåð³â íà îñíîâ³ β-ÖÄ ç ìåòîþ àäñîðáö³¿
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á³ñôåíîëó À ç âîäíîãî ñåðåäîâèùà [31]. Ïîêàçàíî, ùî
ïîë³ìåðè ç íèçüêèì ñòóïåíåì çøèâàííÿ á³ëüø åôåê-
òèâíî ñîðáóþòü á³ñôåíîë À, í³æ âèñîêîçøèò³ çðàçêè .

Ïîë³ìåð β-ÖÄ ç ÏÅÃ áóâ äîñë³äæåíèé ÿê ³íã³á³òîð
äëÿ çàïîá³ãàííÿ íàêîïè÷åííÿ êàðáîíàòó êàëüö³þ ç ìå-
òîþ îïð³ñíåííÿ ³ ïîâåðíåííÿ âîäè â òåõíîëîã³÷íèé
ïðîöåññ ïðè âèäîáóòêó ñëàíöåâîãî ãàçó, ùî äîö³ëüíî
ÿê ç åêîíîì³÷íî¿, òàê ³ åêîëîã³÷íî¿ òî÷îê çîðó [32].
Îòðèìàííÿ ïîë³ìåð³â çøèâàííÿì ÖÄ.

Âîäîíåðîç÷èíí³ çøèò³ öèêëîäåêñòðèíâì³ñí³ ïîë³ìå-
ðè ³ êîïîë³ìåðè îòðèìóþòü ðåàêö³ºþ ïîë³êîíäåíñàö³¿
(çàâäÿêè ðåàêö³éíîçäàòíèì ã³äðîêñèëüíèì ãðóïàì ó
ïîëîæåííÿõ 2, 3 àáî 6 â ãëþêîï³ðàíîçíèõ ôðàãìåíòàõ
ÖÄ), âèêîðèñòîâóþ÷è äåÿê³ ä³- òà ïîë³ôóíêö³îíàëüí³
çøèâàþ÷³ àãåíòè òàê³ ÿê, àëüäåã³äè, êåòîíè, ³çîö³àíàòè
àáî åïîêñèäè (åï³õëîðã³äðèí, ä³åïîêñèïðîï³ëîâèé åòåð
åòèëåíãë³êîëþ) (ðèñ. 3Ñ) [33–37].

Ïåðø³ çøèò³ ÖÄ áóëè îòðèìàí³ øëÿõîì ¿õ ðåàêö³¿ ç
åï³õëîðîã³äðèíîì (ÅÕÃ), ÿêèé ì³ñòèòü äâ³ ðåàêö³éíîç-
äàòí³ ãðóïè, ³ ìîæå ðåàãóâàòè ç ÖÄ ìîëåêóëàìè (ñòàä³ÿ
çøèâàííÿ) òà/àáî ç âëàñíèìè ìîëåêóëàìè (ñòàä³ÿ ïîë-
³êîíäåíñàö³¿) [38].

Îòðèìàíèé ïðîäóêò ñêëàäàºòüñÿ ç ÖÄ îäèíèöü,
ç’ºäíàíèõ ãë³öåðèëüíèìè ëàíöþãàìè, ê³ëüöÿ ÖÄ ïðè
öüîìó âçàºìîïîâ’ÿçàí³ ì³æ ñîáîþ ³ ôîðìóþòü òðèâè-
ì³ðíó ñ³òêó. Ïðèðîäà ñ³òêè âèñîêîã³äðîô³ëüíà, îòæå
ïîë³ìåð íàáóõàº ó âîäíèõ ðîç÷èíàõ, àëå íå ðîç÷èíÿºòüñÿ
â îðãàí³÷íèõ ðîç÷èííèêàõ. Íåðîç÷èíí³ ïîë³ìåðè ìîæ-
íà îòðèìàòè ÿê ÷àñòî÷êè íåïðàâèëüíî¿ ôîðìè àáî ó
âèãëÿä³ á³ñåðó ïðàâèëüíî¿ ôîðìè. Ðîç÷èíí³, òàê ñàìî
ÿê ³ íåðîç÷èíí³, îòðèìóþòü çà äîïîìîãîþ åï³õëîðã³ä-
ðèíó, äîòðèìóþ÷èñü ð³çíèõ åêñïåðèìåíòàëüíèõ óìîâ.
Òàê³ ïîë³ìåðè ïîêàçàëè ñèëüí³ àäñîðáö³éí³ âëàñòèâîñò³
³ çäàòí³ñòü óòâîðþâàòè êîìïëåêñè âêëþ÷åííÿ ç áåíçàëü-
äåã³äîì, àí³ë³íîì, í³òðîôåíîëîì, ï³ðèäèíîì òà éîäîì
³ , â³äïîâ³äíî, çäàòí³ ñîðáóâàòè ç âîäè ö³ òîêñè÷í³ àðî-
ìàòè÷í³ ñïîëóêè [39].

Äëÿ îòðèìàííÿ ñîðáåíòó, ÿêèé ìîæíà çàñòîñîâó-
âàòè â õðîìàòîãðàô³÷íèõ êîëîíêàõ, ñèíòåçóþòü äð³áíî-
äèñïåðñíèé ïîë³ìåð ç ðåãóëÿðíèì ðîçì³ðîì ÷àñòîê.
Ïðîöåäóðà ñèíòåçó ïîëÿãàº â òîìó, ùî ðîç÷èí ÖÄ ó
ïîëÿðíîìó ðîç÷èííèêó (âîäà, ÄÌÑÎ, ÄÌÔÀ) äèñïåð-
ãóþòü ó íåïîëÿðíîìó

(î-êñèëîë, ìåòèë-³çîáóòèëêåòîí), ÿê³ ì³ñòÿòü ÏÀÐ ³
çøèâàþ÷èé àãåíò [40]. ßê äèñïåðñ³éíå ñåðåäîâèùå òà-
êîæ ìîæå áóòè âèêîðèñòàíå âàçåë³íîâå ìàñëî (çà Ò=40–
50 °Ñ) [41].

Â îãëÿä³ [42] äåòàëüíî ðîçãëÿäàþòüñÿ ìåõàí³çìè
ñîðáö³¿ øê³äëèâèõ ðå÷îâèí, çîêðåìà ëåòêèõ îðãàí³÷íèõ
ðå÷îâèí, ïîë³öèêë³÷íèõ àðîìàòè÷íèõ âóãëåâîäí³â, íå-
ñòåðî¿äíèõ ïðîòèçàïàëüíèõ ïðåïàðàò³â, ÖÄ-ÅÕÃ ïîë-
³ìåðàìè ó ð³äèííî-òâåðäîôàçí³é åêñòðàêö³¿. ÖÄ-ÅÕÃ
ïîë³ìåðè âèêîðèñòîâóþòüñÿ â õðîìàòîãðàô³¿, äå çàâäÿ-
êè çäàòíîñò³ äî óòâîðåííÿ êîìïëåêñ³â âêëþ÷åííÿ, ïðî-
ÿâëÿþòü çíà÷íî êðàùó ñåëåêòèâí³ñòü, ïîð³âíÿíî ç àíà-
ëîãàìè, íåçäàòíèìè äî êîìïëåêñîóòâîðåííÿ. Òàêîæ

îïèñàíà ìîæëèâ³ñòü çàñòîñóâàííÿ öèõ ïîë³ìåð³â ÿê ñå-
ëåêòèâíèõ àäñîðáåíò³â äëÿ âèäàëåííÿ îðãàí³÷íèõ çàá-
ðóäíþâà÷³â ç âîäíèõ ðîç÷èí³â [43, 44], à òàêîæ ³îí³â,
çîêðåìà ì³ä³ [45] òà ³íøèõ âàæêèõ ìåòàë³â [46].

Ó 1980-õ ðîêàõ áóëî âïåðøå çàïðîïîíîâàíî ôàðìà-
öåâòè÷íå çàñòîñóâàííÿ ÖÄ-âì³ñíèõ ïîë³ìåð³â. Âîäíèé
ðîç÷èí ôîðïîë³ìåðó, îòðèìàíîãî ïðè çøèâàíí³ ÖÄ ç
ÅÕÃ, íàãð³âàëè ïðîòÿãîì ãîäèíè ðàçîì ç ðîç÷èíîì
ïîë³êàðáîêñèêèñëîòè çà Ò=50 °Ñ. Îòðèìàí³ áåçáàðâí³
ì³êðî÷àñòêè óòâîðþâàëè êîìïëåêñ âêëþ÷åííÿ ç êðî-
âîâ³äíîâëþþ÷èì ïðåïàðàòîì íàðèíã³íîì [47]. Ïîë³-
ìåðíèé ãåëü, îòðèìàíèé çøèâàííÿì ÅÕÃ ó âîäíîìó
ðîç÷èí³ NaOH, çà íàÿâíîñò³ ñïèðò³â, ãë³êîë³â òà îðãàí³÷-
íèõ ðîç÷èííèê³â çäàòíèé øâèäêî ³ ñèëüíî íàáóõàòè ó
âîä³ (6 ã/õâ.). Òàê³ ã³äðîãåë³ óòâîðþþòü êîìïëåêñè ç íèçü-
êîìîëåêóëÿðíèìè ìàëîðîç÷èííèìè ôàðìàöåâòè÷íè-
ìè ïðåïàðàòàìè (áóòèëïàðàáåí, ã³äðîêîðòèçîí, öèíà-
ðèçèí, ôóðîñåì³ä), ï³äâèùóþ÷è ¿õ á³îäîñòóïí³ñòü. Öå
âàæëèâî, îñîáëèâî ïðè âèêîðèñòàíí³ òàêèõ ïîë³ìåð³â ó
òâåðäèõ ë³êàðñüêèõ ôîðìàõ.

Äëÿ ïîêðàùåííÿ íàáóõàííÿ, çíèæåííÿ òîêñè÷íîñò³
(íàïðèêëàä, ðóéí³âíîãî âïëèâó íà ìåìáðàíè) ³ ï³äâè-
ùåííÿ åôåêòèâíîñò³ çøèâàííÿ ÅÕÃ òàêîæ ïðîâîäÿòü ó
ñåðåäîâèù³ êàò³îííèõ ³ àí³îííèõ ñïîëóê. Ïîçèòèâíî
çàðÿäæåí³ ÖÄ-ÅÕÃ ïîë³ìåðè áóëè îòðèìàí³ çøèâàí-
íÿì çà íàÿâíîñò³ õîë³í õëîðèäó [48].

Îïèñàíî ñèíòåç íåãàòèâíî çàðÿäæåíîãî ÖÄ-ÅÕÃ
ïîë³ìåðó ç êàðáîêñèìåòèëüíèìè ãðóïàìè, ÿêèé ìîæå
áóòè âèêîðèñòàíèé â ïîðîøêàõ äëÿ ïðèñèïêè ðàí, à
òàêîæ ó ðåöåïòóðàõ æóâàëüíèõ ãóìîê äëÿ ë³êóâàííÿ çàõ-
âîðþâàíü ãîðëà ³ ñëèçîâèõ îáîëîíîê. Ö³ ïîë³ìåðè áóëè
ïîºäíàí³ ç êàò³îííèìè ïðåïàðàòàìè, âêëþ÷àþ÷è òàê³
äåç³íôåêòàíòè ÿê åòàêðèäèí ëàêòàò, öåòèëï³ðèì³äèí õëî-
ðèä, ìåòèëåíîâèé áëàêèòíèé. Øâèäê³ñòü âèâ³ëüíåííÿ
öèõ êîìïîíåíò³â çàëåæàëà â³ä ñèíåðã³çìó ³îííèõ âçàº-
ìîä³é ³ ñò³éêîñò³ êîìïëåêñ³â âêëþ÷åííÿ ÖÄ-ïðåïàðàò
[49].

Øëÿõîì çøèâàííÿ ÅÕÃ ç α-, β-, γ -ÖÄ ñèíòåçîâàí³
ðîç÷èíí³ âèñîêîìîëåêóëÿðí³ ñïîëóêè ç ìîëåêóëÿðíîþ
ìàñîþ (ÌÌ), âèùîþ çà 10000; âèçíà÷åíà çàëåæí³ñòü
ì³æ óìîâàìè ðåàêö³¿ òà ìîëåêóëÿðíî-ìàñîâèì ðîçïî-
ä³ëîì ó öèõ ïîë³ìåðàõ [50].

Äîñë³äæåíà òâåðäîôàçíà åêñòðàêö³ÿ ÖÄ-âì³ñíèìè
ïîë³ìåðàìè, çøèòèìè ÅÕÃ, ñòåðî¿äíèõ ïðåïàðàò³â [51],
ó òîìó ÷èñë³ ñòåðî¿äíèõ ãîðìîí³â [52].

Êð³ì β-ÖÄ ïðè ñèíòåç³ ç ÅÕÃ áóëè âèêîðèñòàí³
ïîõ³äí³ öèêëîäåêñòðèíó, òàê³ ÿê ìåòèë-β-ÖÄ (Ìå-β-ÖÄ),
ã³äðîêñèïðîï³ë-β-ÖÄ (ÃÏ-β-ÖÄ) ³ ñóëüôîáóòèëîâèé
åòåð-β-ÖÄ (ÑÁÅ-β-ÖÄ), îòðèìàíî ñ³ò÷àñò³ ïîë³ìåðè,
çäàòí³ äî àäñîðáö³¿ çíà÷íèõ ê³ëüêîñòåé âîäè (äî 10 ÷. íà
1 ÷. ñóõî¿ ðå÷îâèíè). Ã³äðîãåë³, äî ÿêèõ âõîäèëè Ìå-β-
ÖÄ, ÃÏ-β-ÖÄ ³ âîäíà ñóñïåíç³ÿ åñòðàä³îëó (ñòåðî¿äíèé
ãîðìîí, âàæêîðîç÷èííèé ó âîä³), çá³ëüøóâàëè çàñâîº-
ííÿ îñòàíüîãî â 500 ðàç³â [53].

Ìåòîäîì íàôòàëåíîâèõ àáî ï³ðåíîâèõ ôëóîðåñöåí-
òíèõ ïðîá áóëî âèâ÷åíî ì³ñöÿ çâ’ÿçóâàííÿ ÖÄ-ÅÕÃ
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ïîë³ìåð³â. Áóëî ïîêàçàíî, ùî ôëóîðîôîð ìîæå áóòè
íåâêëþ÷åíèì ó ïîðîæíèíó ÖÄ, âêëþ÷åíèì àáî êîìá³-
íîâàíèì, çàëåæíî â³ä ñï³ââ³äíîøåííÿ çøèâàþ÷îãî
àãåíòà òà ÖÄ, à òàêîæ ïðèðîäè ôëóîðîôîðó [54].

Â ³íøèõ ðîáîòàõ, äå îïèñàíî îòðèìàííÿ β-ÖÄ, çøè-
òèõ ÅÕÃ, ðåàêö³ÿ çøèâàííÿ çóïèíÿëàñÿ ïåðåä óòâîðåí-
íÿì ãåëþ äëÿ îòðèìàííÿ âîäîðîç÷èííèõ ïîë³ìåð³â.
Íåçâàæàþ÷è íà òå, ùî çøèâàííÿ º ñòàòèñòè÷íèì ïðî-
öåñîì, äîäàâàííÿ òîëóåíó ïåðåä çøèâàííÿì ïðèâåëî
äî óòâîðåííÿ ë³í³éíî¿ ñòðóêòóðè âíàñë³äîê óòâîðåííÿ
êîìïëåêñ³â âêëþ÷åííÿ òîëóåí – ÖÄ [55].

Ó ðîáîòàõ [56–59] çä³éñíåíî ïîë³êîíäåíñàö³þ çà
ð³çíèõ óìîâ, âèêîðèñòîâóþ÷è åï³õëîðã³äðèí ³ åòèëåí-
ãë³êîëü, á³ñ-åïîêñèïðîï³ëîâèé åòåð àáî áóòèëåíãë³êîëü
á³ñ-åïîêñèïðîï³ëîâèé åòåð òà ³í. ÿê ñóì³ø çøèâàþ÷èõ
àãåíò³â äëÿ îòðèìàííÿ ÖÄ-âì³ñíèõ ïîë³ìåð³â ç á³ëüø
ðèõëîþ ïîë³ìåðíîþ ñòðóêòóðîþ. Ö³ ïîë³ìåðè ìîæóòü
óòðèìóâàòè çíà÷íó ê³ëüê³ñòü âîäè, âîíè ìàþòü ïîêðà-
ùåí³ ìåõàí³÷í³ âëàñòèâîñò³, ¿õ ìîæíà îòðèìàòè ó ôîðì³
ãåëþ, á³ñåðó, ôîëüãè, òîíêî¿ ïë³âêè, âîëîêíà. Âîíè âè-
êîðèñòîâóþòüñÿ ÿê àäñîðáåíòè òà ñòàö³îíàðí³ ôàçè äëÿ
ð³äèííî¿ õðîìàòîãðàô³¿.

Ó ñâîþ ÷åðãó, åï³õëîðã³äðèí ³ 2,4-òîëó¿ëåíä³³çîö³à-
íàò (2,4-ÒÄ²) ÿê çøèâàþ÷³ àãåíòè âèïðîáîâóâàëè äëÿ
ñòâîðåííÿ ïîë³ìåðíèõ ñîðáåíò³â ùîäî ïîõ³äíèõ ôåíî-
ëó, à òàêîæ ÿê ñåíñîðè äëÿ äåòåêö³¿ ¿õí³õ ñë³ä³â [60–63].
Ñë³ä â³äì³òèòè, ùî ôåíîëè ïåðåâàæíî âèêîðèñòîâóþòü
äëÿ âèðîáíèöòâà ôåíîë-ôîðìàëüäåã³äíèõ ñìîë, ÿê³
ïîòð³áí³ äëÿ ìåáëåâî¿ òà àâòîìîá³ëüíî¿ ïðîìèñëîâîñò³,
ïðèëàäîáóäóâàííÿ, à òàêîæ âèðîáíèöòâà êàïðîëàêòà-
ìó ³ á³ñôåíîëó À, ïðîì³æíèõ ïðîäóêò³â íàéëîíó òà
åïîêñèäíèõ ïîë³ìåð³â. ²íøèé íàïðÿì âèêîðèñòàííÿ –
äåç³íôåêö³ÿ òà ìåäè÷í³ ïðåïàðàòè. Á³ëüø³ñòü êðåçîë³â
îòðèìóþòü ç íàôòè òà âóã³ëüíî¿ êèñëî¿ ôðàêö³¿ äüîãòþ.
Êðåçîëè âèêîðèñòîâóþòü äëÿ âèðîáíèöòâà ôåíîëôîð-
ìàëüäåã³äíèõ ñìîë òà ÿê äåç³íô³êóþ÷³ çàñîáè
(disinfectants), àíòèîêñèäàíòè. Âíàñë³äîê òàêîãî øèðî-
êîãî çàñòîñóâàííÿ ö³ ñïîëóêè ³íòåíñèâíî çàáðóäíþþòü
ñò³÷í³ âîäè. Òîìó âèäàëåííÿ öèõ ðå÷îâèí ç íàâêîëèø-
íüîãî ñåðåäîâèùà º äîñèòü àêòóàëüíèì çàâäàííÿì.
Îòæå, â ðåçóëüòàò³ äîñë³äæåíü âèÿâëåíî [60], ùî ï-êðå-
çîë ñîðáóºòüñÿ êðàùå, í³æ ôåíîë òà ³íø³ êðåçîëè. Öåé
ñîðáàò óòâîðþº á³ëüø ñòàá³ëüíèé êîìïëåêñ ç ÖÄ í³æ
ôåíîë, òîáòî ñîðáö³ÿ ñïîëóê çíèæóºòüñÿ â ðÿäó:

ï-êðåçîë >ì-êðåçîë >î-êðåçîë ≥ ôåíîë.
Áóëî âñòàíîâëåíî, ùî â á³ëüø ïîëÿðíèõ ñ³òêàõ, òà-

êèõ ÿê β-ÖÄ-ÅÕÃ, öèêëîäåêñòðèíîâ³ ôðàãìåíòè ïîãëè-
íàþòü ñîðáàò, à â ìåíø ïîëÿðíèõ, óòâîðåíèõ β-ÖÄ ³
ÃÌÄ², ìîëåêóëè ñîðáàòó óòðèìóþòüñÿ ÿê çà ðàõóíîê
ïîðîæíèíè ÖÄ, òàê ³ ñòðóêòóðíèìè (óðåòàíîâèìè)
ôðàãìåíòàìè ñ³òêè.

Çøèò³ ïîë³ìåðè îòðèìóâàëè ðåàêö³ºþ ïîë³êîíäåí-
ñàö³¿ ÎÍ-ãðóï β-ÖÄ ç NCO-ãðóïàìè ÃÌÄ² òà 2,4-òîëó-
¿ëåíä³³çîö³àíàòó (ÒÄ²) çà ð³çíèõ ìîëüíèõ ñï³ââ³äíîøåíü
(â³ä 1:2 äî 1:8) [64] .

Ðåàêö³þ ïðîâîäèëè â ðîç÷èí³ ÄÌÔÀ ïðè ïîñò³éíî-

ìó ïåðåì³øóâàíí³ òà íàãð³âàíí³. Ïðîäóêòè ðåàêö³¿ áóëè
âèä³ëåí³ ó âèãëÿä³ á³ëèõ ïîðîøê³â, íåðîç÷èííèõ ó âîä³.

Ñèíòåçîâàí³ β-ÖÄ-óðåòàíè äîñë³äæóâàëè ÿê ñîðáåí-
òè ùîäî ï-í³òðîôåíîëó òà ³íøèõ ïîõ³äíèõ ôåíîëó, ³îí³â
ìåòàë³â, ôåíîêñàò³³íó, à òàêîæ äâîõ òèï³â ÏÀÂ : ñóëüôî-
íîëó (êîìåðö³éíèé ïðîäóêò ô³ðìè «Albricht&Wilson»)
òà àí³îíîàêòèâíîãî îë³ãîóðåòàíñå÷îâèíîêàðáîêñèëà-
òó (ÎÓÑÊ). Ñèíòåç, ³äåíòèô³êàö³ÿ òà âëàñòèâîñò³ îñòàí-
íüîãî îïèñàí³ â [65]. Äëÿ ïîð³âíÿííÿ ÿê ñîðáåíò âèêî-
ðèñòîâóâàëè ïîë³ìåð, îòðèìàíèé øëÿõîì çøèâàííÿ β-
ÖÄ 1-õëîðî-2,3-åïîêñè ïðîïàíîì – (êîìåðö³éíèé ïðî-
äóêò CY-2011 ô³ðìè “Cyclolab” Óãîðùèíà).

Âñòàíîâëåíî, ùî íàéêðàùå ñèíòåçîâàíèìè ñîðáåí-
òàìè ïîãëèíàºòüñÿ ï-õëîðôåíîë (ñòóï³íü ñîðáö³¿ 76 %,
0,6 ììîëü/ã), íàéã³ðøå – ôåíîë (ñòóï³íü ñîðáö³¿ 34–40 %,
0,22–0,26 ììîëü/ã), à î-õëîðôåíîë (64–67%, 0,51–
0,54 ììîëü/ã) çàéìàº ïðîì³æíå ïîëîæåííÿ. ßêùî ïî-
ð³âíþâàòè ñîðáåíòè ì³æ ñîáîþ, òî ¿õ çäàòí³ñòü äî
ñîðáö³¿ ôåíîë³â ð³çíèòüñÿ ëèøå íà 2–6 %. Çã³äíî ç ë³òå-
ðàòóðíèìè äàíèìè, ñòàá³ëüí³ñòü êîìïëåêñ³â ÖÄ ³ ïî-
õ³äíèõ ôåíîëó çàëåæèòü â³ä ïîëîæåííÿ çàì³ñíèê³â ó áåí-
çîëüíîìó ê³ëüö³ ³ ï³äïîðÿäêîâóºòüñÿ çäàòíîñò³ ïîõ³äíèõ
ôåíîëó óòâîðþâàòè êîìïëåêñè: ï-çàì³ùåíèé ôåíîë >
î-çàì³ùåíèé ôåíîë ≥ ôåíîë [66].

Ïðè ïîð³âíÿíí³ ñîðáö³éíî¿ âëàñòèâîñò³ ñèíòåçîâà-
íèõ ïîë³ìåð³â ùîäî ï-í³òðîôåíîëó ç êîìåðö³éíèì ñîð-
áåíòîì CY-2011 áóëî âñòàíîâëåíî, ùî ¿õ çäàòí³ñòü äî
ñîðáö³¿ ó âîäíîìó ñåðåäîâèù³ (ðÍ 6,0) âèùà. Òàê, äëÿ
CY-2011 ñòóï³íü ñîðáö³¿ í³òðîôåíîëó ñòàíîâèòü 52 %
(ñîðáö³éíà ºìí³ñòü, À = 0,42 ììîëü/ã), à äëÿ β-ÖÄ-óðå-
òàí³â – 65–72 % (0,45–0,52 ììîëü/ã) [64].

Äîñë³äæåííÿ ñîðáö³éíèõ õàðàêòåðèñòèê ÖÄ-âì³ñíèõ
ïîë³ìåð³â ùîäî ÏÀÐ ð³çíîãî òèïó ïîêàçàëî, ùî íàé-
á³ëüøà ñîðáö³éíà ºìí³ñòü ³ ñòóï³íü ñîðáö³¿ β-ÖÄ-ïî-
ë³ìåðó (CY-2011) ïðîÿâëÿþòüñÿ ùîäî ñóëüôîíîëó ³
âîíè âèù³ ìàéæå â 4,3 ³ 2,3 ðàçà â³äïîâ³äíî, í³æ äëÿ
ÎÓÑÊ, ùî ïîÿñíþºòüñÿ òèì, ùî âíóòð³øíÿ ïîðîæíè-
íà ÖÄ ìàº á³ëüø âèùó ñïîð³äíåí³ñòü ç ìîëåêóëàìè àðî-
ìàòè÷íîãî ðÿäó.

ÖÄ, çøèò³ ä³³çîö³àíàòàìè, óòâîðþþòü ïîë³óðåòàíîâ³
ïîë³ìåðè, ÿê³ àäñîðáóþòü ñïåöèô³÷í³ êîìïîíåíòè ç
âîäíèõ ðîç÷èí³â ÷è ç ãàçó [67].

β-ÖÄ ïîë³ìåðè äëÿ ñîðáö³¿ n-í³òðîôåíîëó, ôåíîë-
ôòàëå¿íó òà íàôòåíàò³â ç âîäíèõ ðîç÷èí³â áóëè îòðè-
ìàí³ øëÿõîì âçàºìîä³¿ β-ÖÄ ç ÃÌÄ² òà 4,4′ -äèöèêëî-
ãåêñèë ä³³çîö³àíàòîì [68, 69].

Çøèâàþ÷è äèìåòèëçàì³ùåíèé ÖÄ, ìîæíà îòðèìà-
òè ë³ïîô³ëüíèé ïîë³ìåð, çäàòíèé äî êîìïëåêñîóòâîðåí-
íÿ ç ôàðìàêîëîã³÷íî àêòèâíèìè ñïîëóêàìè [70].

Âèêîðèñòàííÿ á³ôóíêö³îíàëüíèõ ðåàãåíò³â ç âåëè-
êîþ â³äñòàííþ ì³æ äâîìà ðåàêö³éíèìè ãðóïàìè ïðè-
âîäèòü äî óòâîðåííÿ á³ëüø ïîðóâàòèõ ïîë³ìåð³â ç ãíó÷-
ê³øîþ ñòðóêòóðîþ. Â òàêèõ ìàòåð³àëàõ çðîñòàº äèôóç³ÿ
ìàëèõ ìîëåêóë, à îá’ºìí³ ìîæóòü çàòðèìóâàòèñü. Îïè-
ñàíèé ñèíòåç çøèòèõ ÖÄ ç âèêîðèñòàííÿì ðÿäó çøè-
âàþ÷èõ ðåàãåíò³â, òàêèõ ÿê äèãàëîãåí³äè äèêàðáîêñè-
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êèñëîò, äèêèñëîòè, ä³åñòåðè, äèãàëîâóãëåâîäí³. Òàê³ ïðî-
äóêòè áóëè âèêîðèñòàí³ ÿê ñåëåêòèâí³ ô³ëüòðè (íàïðèê-
ëàä äëÿ öèãàðîê), àãåíòè äëÿ êîíöåíòðóâàííÿ àðîìàòè-
çàòîð³â ó õàð÷îâ³é ïðîìèñëîâîñò³ [71]. Ïðè ðåàêö³¿ ÖÄ
³ äèãàëîãåí³ä³â äèêàðáîíîâèõ êèñëîò, çà íàÿâíîñò³
NaHCO3 ÿê ïîðîóòâîðþâà÷à, óòâîðþþòüñÿ ï³íèñò³ ñìî-
ëè ç ï³äâèùåíîþ ïîðóâàò³ñòþ, ÿê³ ïîãëèíàþòü 86 %
ôåíîëó çà êîíöåíòðàö³¿ 200 ppm ç âîäíèõ ðîç÷èí³â [72].
Íèçüêîìîëåêóëÿðí³ α-, β-, γ -ÖÄ-âì³ñí³ ïîë³ìåðè ï³ñëÿ
çøèâàííÿ ãëóòàðîâèì àëüäåã³äîì óòâîðþâàëè íåðîç-
÷èíí³ ïîë³ìåðí³ ïë³âêè [73]. Ðåàêö³ºþ õëîðàöåòèëõëî-
ðèäó ç ÖÄ îòðèìóâàëè ãðàíóëè, ÿê³ ïî-ð³çíîìó çàòðè-
ìóþòü âîäó ³ óñï³øíî âèêîðèñòîâóþòüñÿ â êîëîíî÷í³é
õðîìàòîãðàô³¿ [74].

Â ðîáîò³ [75] íàâåäåíî ñèíòåç ïîë³ìåð³â íà îñíîâ³
ÖÄ, êèñëîò ³ ¿õ àíã³äðèä³â ð³çíîìàí³òíî¿ áóäîâè. Çîêðå-
ìà ïîêàçàíî, ùî êîíäåíñàö³ÿ ì³æ β-ÖÄ òà ëèìîííîþ
êèñëîòîþ ìîæå çä³éñíþâàòèñÿ çà òåìïåðàòóðè, íèæ-
÷î¿ çà 200 °Ñ, áåç áóäü-ÿêîãî îðãàí³÷íîãî ðîç÷èííèêà
àáî øê³äëèâèõ äîáàâîê, õî÷à ¿¿ ðåàêö³éíà çäàòí³ñòü íèæ-
÷à, í³æ ó åï³õëîðã³äðèíó òà ä³³çîö³àíàò³â.

Ïîë³ìåðè íà îñíîâ³ α-, β- ³ γ-öèêëîäåêñòðèí³â (P-α-
γ-CD ;P-α-CD ; P-γ-CD ; P-β-CD ; P-α-γ-β-CD) áóëè îòðè-
ìàí³ øëÿõîì çøèâàííÿ ëèìîííîþ êèñëîòîþ çà ìåòî-
äîì, íàâåäåíèì ó [76]. Äîñë³äæåíà àäñîðáö³ÿ ë³êàðñü-
êîãî ïðåïàðàòó ³áóïðîôåíó ç âîäíèõ ðîç÷èí³â ³ ïîêàçà-
íî, ùî âñ³ ÖÄ-âì³ñí³ ïîë³ìåðè ìàþòü âèñîê³
àäñîðáö³éí³ âëàñòèâîñò³ äî ³áóïðîôåíó. Çà ÷àñîì óò-
ðèìàííÿ íà åêñòðàêö³éí³é êîëîíö³ ñèíòåçîâàí³ ïîë³ìå-
ðè ðîçòàøîâóþòüñÿ â ðÿä : P-α-γ-CD>P-α-CD > P-γ-CD >
P-β-CD > P-α-γ-β-CD [77].

Ó ðîáîò³ [78] îïèñàíî ñèíòåç âîäîíåðîç÷èííîãî
ïîë³ìåðó ç âèêîðèñòàííÿì β-ÖÄ, ìîíîã³äðàòó ëèìîí-
íî¿ êèñëîòè ÿê çøèâàþ÷îãî àãåíòà, ïîë³åòèëåíãë³êîëþ
ÌÌ 400 ÿê ìîäèô³êàòîðà òà íàòð³þ äèã³äðîãåíôîñôà-
òó ÿê êàòàë³çàòîðà. Ïîë³ìåð âèïðîáîâóâàëè ÿê ñîðáåíò
ùîäî àí³ë³íó.

Ó ðîáîò³ [75] îïèñàíèé ìåòîä îòðèìàííÿ ïîë³ìåðó
íà îñíîâ³ ÖÄ ³ õëîðàíã³äðèä³â êèñëîò. Öåé ìåòîä ïåðåä-
áà÷àº äâîñòàä³éíèé ñèíòåç ïîë³ìåðó â ³íåðòí³é àòìîñ-
ôåð³ (àòìîñôåðà àçîòó) â ÄÌÔÀ ÷åðåç ñòàä³þ óòâî-
ðåííÿ îêñàí³îíó, äî ÿêîãî ïðèºäíóºòüñÿ íà äðóã³é ñòàä³¿
á³ôóíêö³îíàëüíèé àãåíò. Ïðîòîíè â ïîëîæåíí³ Ñ2-ÎÍ
ã³äðîêñèëüíèõ ãðóï, ÿê â³äîìî, á³ëüø êèñëîòí³, í³æ ó
ïîëîæåíí³ Ñ6-ÎÍ. Öþ îñîáëèâ³ñòü âèêîðèñòàëè äëÿ
çä³éñíåííÿ äåïðîòîíóâàííÿ ã³äðîêñèëüíèõ ãðóï ó ïî-
ëîæåíí³ 2 ã³äðèäîì íàòð³þ ç ïîäàëüøîþ ïîë³êîíäåíñà-
ö³ºþ (ðåàêö³þ ïðîâîäèëè çà áåçâîäíèõ óìîâ, ùîá óíèê-
íóòè ïðîòîíóâàííÿ îêñàí³îíó). Çà öèì ìåòîäîì îòðè-
ìàíî ö³ëèé ðÿä ïîë³ìåð³â ç òàêèìè çøèâàþ÷èìè àãåí-
òàìè: ãëóòàðèë õëîðèä, ä³àíã³äðèä õëîðèäè àäèï³íîâî¿ ³
òåðåôòàëåâî¿ êèñëîò, ìàëå¿íîâèé ³ ôòàëåâèé àíã³äðèäè
òà ³í.

Âèâ÷åííÿ óìîâ ðåàêö³é ÖÄ ç ä³àíã³äðèäàìè îïèñà-
íî â ñòàòòÿõ [79–82], äå àâòîðè âèêîðèñòîâóâàëè ï³ðî-
ìåë³òîâèé ³ 1,4,5,8-íàôòàë³í ä³àíã³äðèäè òà âèâ÷àëè

ñîðáö³éí³ âëàñòèâîñò³ îòðèìàíèõ çøèòèõ ïîë³ìåð³â
ùîäî âàæêèõ ìåòàë³â.

Äîñë³äæåíî ðåàêö³¿ β-ÖÄ ç õëîðèäîì òðèìåë³òîâî-
ãî àíã³äðèäó (ÕÒÌÀ) òà ï³ðîìåë³òîâèì ä³àíã³äðèäîì
(ÏÌÄÀ). Ñèíòåçîâàíî íîâ³ êàðáîêñèëâì³ñí³ ïîë³ìåðè
çà ð³çíèõ ìîëüíèõ ñï³ââ³äíîøåíü âèõ³äíèõ êîìïîíåíò³â,
âèâ÷åíî ¿õí³ ñòðóêòóðí³ îñîáëèâîñò³ òà ñîðáö³éí³ õà-
ðàêòåðèñòèêè ùîäî ³îí³â Cu2+, Pb2+ ³ Cd2+. Ïîêàçàíî,
ùî íàéá³ëüøó ñò³éê³ñòü ìàþòü êîìïëåêñè ïîë³ìåð³â ç
³îíàìè Pb2+, à ñîðáö³éíà ºìí³ñòü ïîë³ìåðíèõ ñîðáåíò³â
äëÿ öèõ ³îí³â ñòàíîâèòü â³ä 0,85 äî 1,72 ììîëü/ã [83, 84].

Íà îñíîâ³ β-ÖÄ, ÃÏ-β-ÖÄ ³ á³ôóíêö³îíàëüíèõ àðî-
ìàòè÷íèõ ä³àíã³äðèä³â (ó òîìó ÷èñë³ ÕÒÌÀ òà ÏÌÄÀ)
àáî ä³³çîö³àíàò³â ñèíòåçîâàíî çøèò³ (ðîçãàëóæåí³) âî-
äîðîç÷èíí³ ïîë³ìåðè òà äîñë³äæåíà ìîæëèâ³ñòü ¿õ âè-
êîðèñòàííÿ ó á³ôàçíîìó îðãàíîìåòàë³÷íîìó êàòàë³ç³
(ùå îäíà ç ïîð³âíÿíî íîâèõ îáëàñòåé çàñòîñóâàííÿ ÖÄ)
[85].

Ñóòü á³ôàçíîãî êàòàë³çó ïîëÿãàº ó âèêîðèñòàíí³ âîä-
íî-îðãàí³÷íîãî ñåðåäîâèùà, äå ñóáñòðàò ì³ñòèòüñÿ â
îðãàí³÷íîìó øàð³, ÿêèé íå çì³øóºòüñÿ ç âîäîþ, à êàòà-
ë³çàòîð ³ììîá³ë³çîâàíèé íà ë³ãàíä³, ðîç÷èíåíîìó ó âîä³.
Ïðè ³íòåíñèâíîìó ïåðåì³øóâàíí³ â³äáóâàºòüñÿ êîíòàêò
ñóáñòðàòó ó âîäíîìó àáî ì³æôàçíîìó ñåðåäîâèù³ ç
êàòàë³çàòîðîì. Ìàñîïåðåíîñ ã³äðîôîáíîãî ñóáñòðàòó
çíà÷íî ï³äâèùóºòüñÿ çà ðàõóíîê ó÷àñò³ ÖÄ (ðèñ. 4).

Ñèíòåç ïîë³ìåð³â β-ÖÄ-ÕÒÌÀ, ÿê³ âèêîðèñòîâóâà-
ëè ó ïîäàëüøîìó â á³ôàçíîìó êàòàë³ç³, ïðîâîäèëè çà
òàêîþ ìåòîäèêîþ: äî ðîç÷èíó β-ÖÄ ó ÄÌÔÀ ïðè ³íòåí-
ñèâíîìó ïåðåì³øóâàíí³ äîäàâàëè ÕÒÌÀ (ìîëüíå
ñï³ââ³äíîøåííÿ êîìïîíåíò³â â³ä 1,0:0,5 äî 1:4) òà N-åòèë-
ä³³çîïðîï³ëàì³í ÅÄÀ, ÿêèé âèêîðèñòîâóâàëè ÿê êàòàë³-
çàòîð ³ äëÿ çâ’ÿçóâàííÿ ÍÑl, ÿêà óòâîðþºòüñÿ â ïðîöåñ³
ðåàêö³¿. Ðåàêö³þ ïðîâîäèëè â àòìîñôåð³ àçîòó çà Ò=70 °Ñ
ïðîòÿãîì 5 ãîä. Âèõ³ä ñèíòåçîâàíèõ ñïîëóê äîñÿãàâ
90 %.

Õ³ì³÷íó ñòðóêòóðó ïîë³ìåð³â, ñèíòåçîâàíèõ çà ð³çíèõ
ìîëüíèõ ñï³ââ³äíîøåíü β-ÖÄ ³ õëîðèäó òðèìåë³òîâîãî
àíã³äðèäó, âèçíà÷àëè çà ìåòîäîì ï³ðîë³òè÷íî¿ ìàñ-ñïåê-
òðîìåòð³¿ (ÏÌÑ), ÿêèé äàº çìîãó îö³íèòè ñòðóêòóðí³
îñîáëèâîñò³ ïîë³ìåðíèõ ìîëåêóë çà ñêëàäîì ïðîäóêò³â

Ðèñ. 4. Ñõåìà á³ôàçíîãî êàòàë³çó çà ó÷àñò³ ÖÄ
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¿õ òåðìîäåñòðóêö³¿ ï³ä âïëèâîì ï³äâèùåíèõ òåìïåðà-
òóð [86].

Âñòàíîâëåíî, ùî çà ìîëüíèõ ñï³ââ³äíîøåíü β-ÖÄ :
ÕÒÌÀ (m:n) â³ä 1,0:0,5 äî 1:4 ïîë³ìåðè âîäîðîç÷èíí³.
Ìåòîäîì ÏÌÑ ï³äòâåðäæåíî, ùî ïðè ìîëüíîìó íàä-
ëèøêó β-ÖÄ (m>n) óòâîðþþòüñÿ ë³í³éí³ òà ñëàáîðîçãà-
ëóæåí³ ïîë³ìåðè, ïðè ìîëüíîìó íàäëèøêó ÕÒÌÀ
(m<n) íàâïàêè – ñèëüíîðîçãàëóæåí³. Â³ðîã³äíà ñõåìà
ðåàêö³¿ β-ÖÄ ç ÕÒÌÀ çàëåæíî â³ä ñï³ââ³äíîøåííÿ âè-
õ³äíèõ êîìïîíåíò³â ïîêàçàíà íà ðèñ. 5. Îòðèìàí³ ïîë³-
ìåðè ìàþòü ìåíøó òåìïåðàòóðó òåðìîðîçêëàäàííÿ ó
ïîð³âíÿíí³ ç âèõ³äíèì β-ÖÄ [87].

Ïîêàçàíî, ùî îòðèìàí³ âîäîðîç÷èíí³ ïîë³ìåðè íà
îñíîâ³ β-ÖÄ âïëèâàþòü íà øâèäê³ñòü ðåàêö³¿ äåêàðáîê-
ñèëþâàííÿ ã³äðîôîáíîãî ñóáñòðàòó (àë³ëóíäåöèëêàð-
áîíàòó) ó âîäíî-ãåïòàíîâîìó ñåðåäîâèù³ ç ïàëàä³ºâèì
âîäîðîç÷èííèì êàòàë³çàòîðîì. Âñòàíîâëåíî, ùî
øâèäê³ñòü ðåàêö³¿ çà íàÿâíîñò³ îòðèìàíèõ ïîë³ìåð³â ó
1,4 ðàçà âèùà ïîð³âíÿíî ç ÃÏ-β-ÖÄ, ùî ñâ³ä÷èòü ïðî
ñîëþá³ë³çàö³þ ñóáñòðàòó çà ðàõóíîê öèêëîäåêñòðèíî-
âèõ ôðàãìåíò³â ïîë³ìåðíîãî ëàíöþãà.
Ïîë³ìåðè ç âèêîðèñòàííÿì ÖÄ ÿê çøèâàþ÷èõ
àãåíò³â.

Â³äîìà çíà÷íà ê³ëüê³ñòü ÖÄ-âì³ñíèõ ïîë³ìåð³â, â ÿêèõ
ÖÄ âèñòóïàº ÿê çøèâàþ÷èé àãåíò.

Òàê, β-ÖÄ âèêîðèñòîâóâàëè ÿê ïîäîâæóâà÷ ëàíöþ-
ãà òà çøèâàþ÷èé àãåíò ïðè ôîðìóâàíí³ ÖÄ-âì³ñíèõ
ïîë³óðåòàí³â íà îñíîâ³ àë³ôàòè÷íîãî ³çîö³àíàòíîãî
ôîðïîë³ìåðó [88]. Âñòàíîâëåíî, ùî ñòðóêòóðà òàêèõ
êîìïîçèò³â â³äð³çíÿºòüñÿ á³ëüøîþ óïîðÿäêîâàí³ñòþ, à
òàêîæ ñò³éê³ñòþ äî êîìïëåêñíîãî âïëèâó òåïëà, âîëîãè
òà ì³êðîîðãàí³çì³â ´ðóíòó, à òàêîæ ï³äâèùåíîþ
ñò³éê³ñòþ äî òåðìîîêèñíåííÿ [89, 90].

Â³äîìî, ùî çøèò³ ïîë³ìåðè ìîæíà ñèíòåçóâàòè ³ ïðè
íàãð³âàíí³ ïîë³àêðèëîâî¿ êèñëîòè ðàçîì ç β-ÖÄ çà Ò=90–
120 °Ñ ç óòâîðåííÿì åñòåðíèõ çâ’ÿçê³â ì³æ ÎÍ-ãðóïàìè
ÖÄ ³ àíã³äðèäíèìè ãðóïàìè, ùî âèíèêàþòü âíàñë³äîê
äåã³äðàòàö³¿ êàðáîêñèëüíèõ ãðóï ïîë³àêðèëîâî¿ êèñëî-
òè. Òàê ó âîäíî-ìàñëÿí³é åìóëüñ³¿ áóëî îòðèìàíî
ì³êðîñôåðè, ÿê³ áóëè âèâ÷åí³ íà çäàòí³ñòü âèâ³ëüíåííÿ
ôåíîëôòàëå¿íó ³ ðîäàì³íó Á [91]. Íàÿâí³ñòü ÖÄ ó öüî-
ìó âèïàäêó íåçíà÷íî âïëèâàº íà âèâ³ëüíåííÿ ã³äðîôîá-
íèõ áàðâíèê³â, ùî áóëî ïîÿñíåíî íèçüêîþ ãóñòîòîþ

çøèâàííÿ, ùî ïðèâîäèòü äî øâèäêîãî íàáóõàííÿ. Êð³ì
òîãî, çàëèøêè ðîç÷èííèêà ³ ñòåðè÷í³ áàð’ºðè ïåðåøêîä-
æàþòü óòâîðåííþ êîìïëåêñó îðãàí³÷íà ñïîëóêà/ÖÄ.

Ïîë³-N-³çîïðîï³ëàêðèëàì³ä (Ï²ÏÀÀ) ç êàðáîêñèëü-
íèìè ãðóïàìè íà ê³íöÿõ áóëî ââåäåíî â ðåàêö³þ ç àì³-
íîôóíêö³îíàë³çîâàíèì ÅÕÃ-β-ÖÄ ïîë³ìåðîì ³ â ðåçóëü-
òàò³ îòðèìàíî ãåëü, ÿêèé çìåíøóºòüñÿ â îá’ºì³ ïðè
ï³äâèùåíí³ òåìïåðàòóðè â³ä 10 äî 60 °Ñ âíàñë³äîê çäàò-
íîñò³ ëàíöþã³â Ï²ÏÀÀ äî àãðåãàö³¿ çà òåìïåðàòóðè,
íèæ÷î¿ çà òåìïåðàòóðó êðèòè÷íîãî ðîç÷èíåííÿ (32 °Ñ).
Òàê³ àãðåãîâàí³ ëàíöþãè áëîêóþòü ïîðîæíèíó ÖÄ, ùî
ïåðåøêîäæàº êîìïëåêñîóòâîðåííþ ÖÄ ç ã³äðîôîáíèì
ôëóîðåñöåíòíèì áàðâíèêîì 1-àí³ë³íî-8-íàôòàëåí ñóëü-
ôîíàòîì, ìàþ÷è ïðè öüîìó òåìïåðàòóðíî çàëåæíó
êîíñòàíòó àñîö³àö³¿ áàðâíèê/ÖÄ [92].

Âèêîðèñòîâóþ÷è ðåàêö³þ ã³äðîàì³íóâàííÿ, áóëî
ïðîâåäåíî çøèâàííÿ õ³òîçàíó ç îêèñíåíèì ÖÄ (ç àëü-
äåã³äíèìè ãðóïàìè) òà îòðèìàíî ãåëü, â ÿêèé ³íêîðïî-
ðîâàíî ³îíè Cu(II) òà äîñë³äæåíî éîãî á³îêàòàë³òè÷í³
âëàñòèâîñò³ [93]. Îïèñàíî òàêîæ îòðèìàííÿ ãåëþ øëÿ-
õîì çøèâàííÿ àëê³íìîäèô³êîâàíîãî ÖÄ ³ àçèäôóíêö³î-
íàë³çîâàíîãî êîïîë³ìåðó – ïîë³(N-³çîïðîï³ëàêðèëàì³ä-
êî-ã³äðîêñ³åòèëìåòàêðèëàòó ç âèêîðèñòàííÿì âèñîêî-
ñåëåêòèâíîãî Cu(I) êàòàë³çàòîðà, ùî ïðèñêîðþº 1,3-äè-
ïîëÿðíó öèêë³çàö³þ. Öÿ ðåàêö³ÿ ìàº äåÿê³ ïåðåâàãè
ïåðåä ³íøèìè ìåòîäàìè çøèâàííÿ, âêëþ÷àþ÷è â³äíîñ-
íî ì’ÿê³ óìîâè ðåàêö³¿ ³ êîíòðîëü ³íòåíñèâíîñò³ ãåëåóò-
âîðåííÿ [94].

Äîñèòü ïîøèðåíà ñòðàòåã³ÿ îòðèìàííÿ ïîë³ìåð³â
íà îñíîâ³ ÖÄ ç âèêîðèñòàííÿì êîïîë³ìåðèçàö³¿ â³í³ë-
àáî àêðèëî¿ëìîäèô³êîâàíèõ ÖÄ é ³íøèìè â³í³ëîâèìè
ìîíîìåðàìè, òàêèìè ÿê àêðèëîâà êèñëîòà, 2-ã³äðîêñ³-
åòèëìåòàêðèëàò (ÃÅÌÀ), ä³åòèëàì³íîåòèëìåòàêðèëàò
(ÄÅÀÅÌ), åòèëåíãë³êîëüäèìåòàêðèëàò (ÅÃÄÌÀ) òîùî.
Òàê, Õàðàäà òà ³í. îòðèìàëè àêðèëî¿ë- ³ N-àêðèëî¿ë-6-
àì³íîêàïðî¿ë- ìîíîìåðè α- ³ β-ÖÄ ðåàêö³ºþ îáì³íó ç
â³äïîâ³äíèìè î-í³òðîôåí³ëîâèìè åñòåðàìè. Ðåàêö³ÿ
îáì³íó ìàº ïåðåâàãó ïåðåä ïðÿìèì àöèëþâàííÿì ÖÄ,
îñê³ëüêè â òàêîìó âèïàäêó óòâîðþþòüñÿ ÖÄ, ôóíêö³î-
íàë³çîâàí³ ò³ëüêè ïî íèæíüîìó â³íöþ, ³ âîíè ìàþòü
âóæ÷èé ðîçïîä³ë çà ê³ëüê³ñòþ ïðèºäíàíèõ ôóíêö³îíàëü-
íèõ ãðóï. Øëÿõîì ïðåïàðàòèâíî¿ õðîìàòîãðàô³¿ áóëè
â³ää³ëåí³ ìîíîôóíêö³îíàë³çîâàí³ ÖÄ-ìîíîìåðè ³ âîäî-
ðîç÷èíí³ ÖÄ-âì³ñí³ ïîë³àêðèëàòè ç ÌÌ 104–105 [19].

Îñîáëèâ³ñòü òàêèõ ïîë³ìåð³â ïîëÿãàº â òîìó, ùî
ìàêðîöèêëè ÖÄ áóëè ïðèºäíàí³ äî îñíîâíîãî âóãëåöå-
âîãî ëàíöþãà ò³ëüêè ÷åðåç îäíó ÎÍ-ãðóïó ³ öå íå ïåðå-
øêîäæàëî óòâîðåííþ êîìïëåêñ³â âêëþ÷åííÿ. Ïîë³àê-
ðèëî¿ë-ÖÄ ïðîÿâëÿëè êàòàë³òè÷íèé åôåêò ïðè ã³äðîë³ç³
ï-í³òðîôåí³ëîâèõ åñòåð³â, ÿêèé áóâ âèùèì ïîð³âíÿíî ç
ìîíîìåðíèìè àíàëîãàìè, ùî ïîÿñíþºòüñÿ «êîîïåðà-
òèâíèì åôåêòîì» äâîõ ðîçòàøîâàíèõ ïîðÿä ÖÄ ó ïîë³-
ìåðíîìó ëàíöþç³ [19].

Øëÿõîì ôîòîõ³ì³÷íîãî ñèíòåçó áóëè îòðèìàí³ êî-
ïîë³ìåðè íà îñíîâ³ áóòèëìåòàêðèëàòó àáî àêðèëàì³äó
ç ôóíêö³îíàë³çîâàíèìè ïîõ³äíèìè β-ÖÄ, ùî ì³ñòÿòü

Ðèñ. 5. Ñõåìà ðåàêö³¿ ì³æ β-ÖÄ ³ õëîðèäîì
òðèìåë³òîâîãî àíã³äðèäó
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ðåàêö³éíîçäàòí³ ìåòàêðèëàòí³ ãðóïè, âèâ÷åíî ê³íåòè÷í³
ïàðàìåòðè êîïîë³ìåðèçàö³¿ òà ñòðóêòóðí³ õàðàêòåðèñ-
òèêè öèõ êîïîë³ìåð³â [95–97]. Ïîêàçàíî, ùî òàê³ êîïîë³-
ìåðè ïðåäñòàâëÿþòü ³íòåðåñ ÿê íîñ³¿ ë³êàðñüêèõ ïðåïà-
ðàò³â ³ ñèñòåì ç êîíòðîëüîâàíèì âèõîäîì ë³ê³â, à òàêîæ
ÿê ñîðáåíòè äëÿ âèëó÷åííÿ ïîõ³äíèõ ôåíîë³â ç âîäíèõ
ñåðåäîâèù.

Âîäîíàáóõàþ÷³ ïîë³ìåðí³ ãðàíóëè ç âèñîêîþ
ñò³éê³ñòþ äî òèñêó áóëè ñèíòåçîâàí³ øëÿõîì ðàäèêàëü-
íî¿ êîïîë³ìåðèçàö³¿ ð³çíèõ ìîíîìåð³â ç àêðèëîâèìè
ìîíîìåðàìè ÖÄ, îòðèìàíèìè ç α-, β-ÖÄ àáî ¿õ ã³äðîê-
ñèïðîï³ëüíèõ àíàëîã³â ðåàêö³ºþ ç àíã³äðèäîì ìåòàêðè-
ëîâî¿ êèñëîòè àáî ãë³öèäèëìåòàêðèëàòîì [98]. Êîïîë³-
ìåðèçàö³ºþ 2-ã³äðîêñ³åòèëìåòàêðèëàòó ç 2-ã³äðîêñ³ìå-
òàêðèëî¿ëïðîï³ë-ÖÄ áóëè îòðèìàí³ ã³äðîô³ëüí³ íåðîç-
÷èíí³ ïîë³ìåðè [99], ÿê³ ïîêàçàëè õîðîø³ ñîðáö³éí³
âëàñòèâîñò³ äëÿ çàì³ùåíèõ áåíçåíîâèõ ïîõ³äíèõ [100].

Àë³ëüí³ ïîõ³äí³ ÖÄ (îòðèìàí³ íàãð³âàííÿì íàòð³ºâî¿
ñîë³ ÖÄ ç àë³ë-3-õëîðî-2-ã³äðîêñèïðîï³ë åòåðîì ó
ÄÌÔÀ çà Ò=70 °Ñ) áóëè ïîë³ìåðèçîâàí³ çà íàÿâíîñò³
àçîá³ñ³çîáóòèëîí³òðèëó ç â³í³ëàöåòàòîì àáî ìåòèëàê-
ðèëàòîì ³ òàêèì ÷èíîì ñèíòåçîâàíî êîïîë³ìåð, ç ÿêîãî
ìîæíà ôîðìóâàòè ïë³âêè àáî ìåìáðàíè [101].

²íòåíñèâíî äîñë³äæóþòüñÿ ãåë³, îòðèìàí³ íà îñíîâ³
àêðèëîâèõ ïîë³ìåð³â. Ã³äðîãåëü, îòðèìàíèé íà îñíîâ³
ôóíêö³îíàë³çîâàíîãî ÖÄ øëÿõîì ðàäèêàëüíî¿ êîïîë³-
ìåðèçàö³¿ ç ãåêñàåòèëåíìåòàêðèëàòîì, çàïðîïîíîâàíèé
ÿê ô³êñàòîð êîíòàêòíèõ ë³íç, ÿêèé ìîæå âèâ³ëüíÿòè ìå-
äè÷í³ ïðåïàðàòè [99].

Îïèñàíî ³ ñèíòåç ã³äðîãåëþ ³ç âèêîðèñòàííÿì
â³ëüíîðàäèêàëüíî¿ ïîë³ìåðèçàö³¿ íàòð³þ àêðèëàòó, àê-
ðèëàì³äó åòèë-γ -ÖÄ ³ N,N′ -ìåòèëåíá³ñàêðèëàì³äó ÿê
çøèâà÷à. Íàáóõàííÿ ãåëþ çàëåæèòü â³ä ðÍ çàâäÿêè íà-
ÿâíîñò³ êàðáîêñèëüíèõ ãðóï, ïðè÷îìó äëÿ γ-ÖÄ-âì³ñíî-
ãî ïîë³ìåðó öå íå ïðîÿâëÿºòüñÿ, ïðîòå íàÿâí³ñòü γ -ÖÄ
ï³äâèùóâàëà çäàòí³ñòü ïîë³ìåðó äî íàáóõàííÿ â âîäíî-
åòàíîëüí³é ñóì³ø³. Áóëî ïîð³âíÿíî âèâ³ëüíåííÿ ã³äðî-
ôîáíîãî òðèàìöèíîëîíó àöåòîí³äó ³ ã³äðîô³ëüíîãî
ïðîïàíîëîëó ç ÖÄ-âì³ñíîãî ³ áåçöèêëîäåêñòðèíîâîãî
ãåëþ. Âèâ³ëüíåííÿ ã³äðîô³ëüíîãî ïðîïàíîëîëó òðèâà-
ëî 2 ãîä. ³ ìàëî çàëåæàëî â³ä íàÿâíîñò³ γ -ÖÄ ó ãåë³, ÷àñ
âèâ³ëüíåííÿ ã³äðîôîáíîãî òðèàìöèíîëîíó àöåòîí³äó,
íàâïàêè, çðîñòàâ ó 3 ðàçè çà íàÿâíîñò³ γ-ÖÄ ó ãåë³ ³ éîãî
âèâ³ëüíåííÿ çàëåæàëî â³ä ðÍ. Òàêà çàëåæí³ñòü ïîÿñ-
íþºòüñÿ ìàëîþ ñïîð³äíåí³ñòþ ïðîïàíîëîëó ç ã³äðî-
ôîáíîþ ïîðîæíèíîþ ÖÄ ó ïîºäíàíí³ ç åëåêòðîñòà-
òè÷íèìè âçàºìîä³ÿìè ³ç êèñëîòíèìè ãðóïàìè, à òàêîæ
êîìïëåêñîóòâîðåííÿì òðèàìöèíîëîíó ³ γ -ÖÄ [102].

Áóëè ñèíòåçîâàí³ ã³äðîãåë³ êîïîë³ìåðèçàö³ºþ ìîäè-
ô³êîâàíîãî ìàëå¿íîâèì àíã³äðèäîì â-ÖÄ ³ N-³çîïðîï³ë-
àêðèëàì³äó (²ÏÀÀ). Íàáóõàííÿ îòðèìàíîãî ãåëþ çàëå-
æàëî â³ä òåìïåðàòóðè ³ ðÍ âíàñë³äîê çãîðòàííÿ ëàí-
öþã³â ²ÏÀÀ çà âèñîêî¿ òåìïåðàòóðè òà ³îí³çàö³¿ (ïðè
çíà÷åíí³ ðÍ íèæ÷å 5) êàðáîêñèëüíèõ ãðóï, óòâîðåíèõ
âíàñë³äîê ïðèºäíàííÿ ìàëå¿íîâîãî àíã³äðèäó äî ÖÄ.

Ïðîòèðàêîâèé ïðåïàðàò õëîðàìáóöèë áóâ ³íêîðïîðî-
âàíèé ó ã³äðîãåëü ³ éîãî âèâ³ëüíåííÿ áóëî âèâ÷åíå çà
ðÍ 7,4 ç ³íêóáàö³éíèì ïåð³îäîì çà ðÍ 1,4 ³ òåìïåðàòóðè
37 °Ñ. Âñòàíîâëåíî, ùî ç³ çðîñòàííÿì âì³ñòó ÖÄ ñòóï³íü
âèâ³ëüíåííÿ ïðåïàðàòó çðîñòàº. Çì³íà ðÍ â³ä 1,4 äî 7,4
ïðèâîäèòü äî ñòð³ìêîãî âèâ³ëüíåííÿ ïðåïàðàòó, ùî
ïîâ’ÿçàíî ç ³îí³çàö³ºþ ôóíêö³îíàëüíèõ ãðóï ñ³òêè ³ íà-
áóõàííÿì ãåëþ. Øâèäøå âèâ³ëüíåííÿ õëîðàìáóöèëó ³ç
ÖÄ-âì³ñíîãî ãåëþ ïîð³âíÿíî ç áåçöèêëîäåêñòðèíîâèì
áóëî ïîÿñíåíî ã³äðîôîáíèìè âçàºìîä³ÿìè ì³æ öèì
ïðåïàðàòîì ³ ëàíöþãàìè ïîë³-²ÏÀÀ, ÿê³ ÷àñòêîâî ïå-
ðåøêîäæàëè óòâîðåííþ êîìïëåêñó âêëþ÷åííÿ õëîðàì-
áóöèë–ÖÄ [103].

Øëÿõîì âçàºìîä³¿ ìàëå¿íàòíèõ, àêðèëàòíèõ ³ ìåò-
àêðèëàòíèõ ïîõ³äíèõ β-ÖÄ ç ìåòàêðèëàòíèìè ìîíîìå-
ðàìè ñèíòåçîâàíî ðÿä çøèòèõ êîïîë³ìåð³â, ÿê³ äîñë³ä-
æóâàëè ó ïðîöåñ³ ôîòîäåãðàäàö³¿ áàðâíèêà ìåòèëîðàí-
æó çà íàÿâíîñò³ Ò³Î2 [104, 105], à òàêîæ ïåðåâ³ðåíà åôåê-
òèâí³ñòü âïëèâó êîïîë³ìåð³â íà ôîòîäåñòðóêö³þ ³íøèõ
áàðâíèê³â, à ñàìå: êðåçîëîâîãî ÷åðâîíîãî, ôåíîëôòà-
ëå¿íó òà ìåòèëåíîâîãî ñèíüîãî [106]. Äîñë³äæåíî
ñîðáö³éí³ âëàñòèâîñò³ îòðèìàíèõ êîïîë³ìåð³â ³ ìîæ-
ëèâ³ñòü ¿õ áàãàòîðàçîâîãî âèêîðèñòàííÿ äëÿ äåêîëîðè-
çàö³¿ áàðâíèêà. Âñòàíîâëåíî, ùî β-ÖÄ-âì³ñí³ êîïîë³-
ìåðè õàðàêòåðèçóþòüñÿ âèñîêîþ ñîðáö³éíîþ çäàòí³ñ-
òþ ùîäî äîñë³äæóâàíèõ çàáðóäíþâà÷³â äîâê³ëëÿ. Ïîêà-
çàíî, ùî ïðè âèêîðèñòàíí³ ñèíòåçîâàíèõ êîïîë³ìåð³â
êîíöåíòðàö³¿ äîñë³äæóâàíèõ áàðâíèê³â ó ðîç÷èíàõ âïðî-
äîâæ äîáè çíèæóþòüñÿ á³ëüøå í³æ íà 80 %.

Ïîë³ìåðè íà îñíîâ³ êðåìí³éîðãàí³÷íèõ ïîõ³äíèõ
β-ÖÄ ç ìåòàêðèëàòíèìè ìîíîìåðàìè áóëè ñèíòåçîâàí³
íà ïîâåðõí³ Ò³Î2 [107–109]. Âèÿâëåíî, ùî ìîäèô³êàö³ÿ
ïîâåðõí³ Ò³Î2 êîïîë³ìåðàìè íà îñíîâ³ β-ÖÄ ï³äâèùóº
ôîòîêàòàë³òè÷íó àêòèâí³ñòü îñòàíüîãî ó 2–3 ðàçè, ïî-
ð³âíÿíî ç âèõ³äíèì Ò³Î2 ó ïðîöåñ³ ôîòîäåãðàäàö³¿ ìåòèë-
îðàíæó. Âñòàíîâëåíî, ùî çðàçêè ìîäèô³êîâàíîãî Ò³Î2,
ÿê³ ì³ñòÿòü ó ñêëàä³ àïðåòíîãî øàðó β-ÖÄ, º âäâ³÷³ åôåê-
òèâí³øèìè ñîðáåíòàìè, à òàêîæ õàðàêòåðèçóþòüñÿ â
1,5 ðàçà âèùîþ ôîòîêàòàë³òè÷íîþ àêòèâí³ñòþ, í³æ çðàç-
êè, äî ñêëàäó àïðåòó ÿêèõ β-ÖÄ íå âõîäèòü. Ïîêàçàíî,
ùî ðîçðîáëåí³ ìîäèô³êîâàí³ ôîòîêàòàë³çàòîðè ìîæóòü
áóòè åôåêòèâíèìè â ïðîöåñàõ î÷èùåííÿ âîäíèõ ðå-
ñóðñ³â â³ä îðãàí³÷íèõ çàáðóäíþâà÷³â.
Âèñíîâêè.

Ñë³ä çàçíà÷èòè, ùî äîñë³äæåííÿ ó íàïðÿì³ ñèíòåçó,
õàðàêòåðèñòèêè òà âèêîðèñòàííÿ öèêëîäåêñòðèíâì³ñíèõ
ïîë³ìåð³â ³ íàäàë³ ïðîäîâæóº ö³êàâèòè íàóêîâó ñï³ëüíî-
òó, ùî ³ëþñòðóºòüñÿ ÷èñëåííèìè ïóáë³êàö³ÿìè, ÿê³ ç’ÿâ-
ëÿþòüñÿ îñòàíí³ì ÷àñîì â íàóêîâèõ æóðíàëàõ [110–125].

Îòæå, ïðåäñòàâëåíèé íàìè îãëÿä ë³òåðàòóðè ñòîñîâ-
íî îñîáëèâîñòåé ñèíòåçó ïîë³ìåðíèõ ìàòåð³àë³â íà îñ-
íîâ³ öèêëîäåêñòðèí³â äàº ìîæëèâ³ñòü êîíñòàòóâàòè, ùî
öåé íàïðÿì ñó÷àñíî¿ õ³ì³¿ äèíàì³÷íî ðîçâèâàºòüñÿ ³ ìàº
âåëèê³ ïåðñïåêòèâè äëÿ âèð³øåííÿ ð³çíîìàí³òíèõ ïðè-
êëàäíèõ çàâäàíü.



Öèêëîäåêñòðèíâì³ñí³ ïîë³ìåðè: ñèíòåç ³ âèêîðèñòàííÿ

149

Ë³òåðàòóðà
1. Lenn J.-M. Supramolecular chemistry: Concepts and
perspectives. Novosibirsk: Science, 1998: 334. ISBN5-02-
031603-2.
2. Atwood J.L., Gokel G.W., BarbourL.J., editors.
Comprehensive Supramolecular chemistry.Vol.1.
Amsterdam: Elsevier Ltd, 2017:495. ISBN978-0-12-803198-
8.
3. Schneider H.J. Applications of supramolecular
chemistry. Boca Raton: CRC Press, 2012: 454. ISBN 978-1-
4398-4014-6.
4. Kurkov S.V., Loftsson T. Cyclodextrins. Int J Pharm. 2013,
453: 167–180.
5. Huang W.Z., Zhan T.G., Lin F., Zhao X. Recent progress
in the construction and regulation of supramolecular
polymers based on host-guest interactions. Prog Chem.
2016; 2-3: 165–83.
6. Dodziuk H. Cyclodextrins and their Complexes.
Chemistry, Analytical Methods,Applications. Weinheim:
Wiley-VCH, Verlag GmbH & Co KGaA; 2006: 507. ISBN-
13: 978-3-527-31280-1.
7. Connors A. Kenneth. The Stability of Cyclodextrin
Complexes in Solution. Chem. Rev., 1997, 97: 1325–1357.
8. Wenz G. Cyclodextrins as building blocks for
supramolecular structures and functional units. Angew.
Chem. Int. Ed. Engl., 1994, 33: 803–822.
9. Li J. –M., Meng X.-G., Hu C.-W.,DuJ. Adsorption of
phenol, p-chlorophenol and p-nitrophenil onto functional
chitosan.Bioresource Technology, 2009, 100: 1168–1173.
10. Sebille B., Guillaume M., Vidal-Madjar C., Thuaud N.
Retention and enantioselectivity properties of β-
cyclodextrin polymers and derivatives on porous silica
for reverse-phase liquid chromatographic separation of
enantiomers. Chromatographia, 1997, 45, no. 1: 383–389.
11. Crini G. Lekchiri Y., Morcellet M.Separation of
structural isomers using cyclodextrin-polymers coated on
silica beads. Chromatographia, 1995, 40, no. 5–6: 296–
302.
12. Crini G., Torri G., Lekchiri Y., Martel B., Janus L., 
Morcellet M. High performance liquid chromatography
of structural isomers using a cyclodextrin-poly(allylamine)
coated silica column.Chromatographia, 1995, 41, no. 7–8:
424–429.
13. Beesley T. E., Scott Raymond P.W. Chiral
Chromatography.Chichester.: John Wiley & Sons Ltd,
1998: 507. ISBN 9780471974277,0-471-97427-7.
14. Stjern L., Voittonen S., Weldemichel R., ThuressonS.,
Agnes M., Benkovics G., Fenyvesi E., Malanga M.,
Yannakopoulou K., Feiler A. Valetti S. Cyclodextrin-
mesoporous silica particle composites for controlled
antibiotic release. A proof of concept toward colon
targeting. Int.J.of Pharm., 2017, 531, no. 2: 595–605.
15. Walker T. A. Separation of Beraprost sodium isomers
using different cyclodextrin stationary phases . J. of
Chromatography Part A, 1993, 633, no. 1-2: 97–103.

16. Tanaka M., Kawaguchi Y., Nakae M., MizobuchiY.,
Shono T. Separation of disubstituted benzene isomers on
chemically bondedcyclodextrin stationary phases. J. of
Chromatography Part A, 1982, 246, no. 2: 207–214.
17. Aytac Z., Kusku S.I., Durgun E. , Uyar T. Quercetin/
β-cyclodextrin inclusion complex embedded nanofibres:
Slow release and high solubility. Food chemistry, 2016,
197: 864–871.
18. Aytac Z., Uyar T. Antioxidant activity and photostability
of α-tocopherol/β-cyclodextrin inclusion complex
encapsulated electrospun polycaprolactone nanofibers.
Eur. Polym. J., 2016, 79: 140–149.
19. Harada A., Furue M., Nozakura S. Cyclodextrin-
Containing Polymers. 1. Preparation of Polymers.
Macromolecules.1976, 9, no. 5: 701–704.
20. Khan A. R., Forgo P., Stine K. J., D’Souza V. T. Methods
for Selective Modifications of Cyclodextrins. Chem.
Reviews, 1998, 98, no. 5: 1977–1996.
21. Liu. Y-Y., Fan X.-D. Synthesis, properties and controlled
release behaviors of hydrogel networks using cyclodextrin
as pendant groups. Biomaterials, 2005, 26, no. 32: 6367–
6374.
22. Martel B., Morcellet M.Cyclodextrin-poly(vinylamine)
systems – II. Catalytic hydrolysis of p-nitrophenyl acetate.
Eur. Polymer J., 1995, 31, no. 11: 1089–1093.
23. Chung M. A., Adams J.Complexation of Pyrene by
Poly(allylamine) with Pendant β-Cyclodextrin Side Groups
Hollas. The J. of Phys. Chem. Part B. 1998, 102, no. 16:
2947–2953.
24. Deratani A., Popping B., Muller G. Linear cyclodextrin-
containing polyelectrolytes, 1. Synthesis of poly(1-
vinylimidazole)-supported β-cyclodextrin. Effect of pH and
ionic strength on the solution behavior. Macromol. Chem.
and Physics, 1995, 196, no. 1: 343–352.
25. Hattori K., Takahashi K., Mikami M. Novel high-
performance liquid chromatographic adsorbents prepared
by immobilization of modified cyclodextrins. J. of
Chromatography. Part A, 1986, 355: 383–391.
26. Pat. 4 274 985 USA, IC C08L 5/16 (20060101); C08L 5/
00 (20060101). Cyclodextrin-polyvinyl alcohol polymers
and a process for the preparation thereof in a pearl, foil,
fiber or block form. J. Szejtli, E. Fenyvesi, S. Zoltan, B.
Zsadon, F. Tudos. Publ. 23.06.1981.
27. Sreenivasan K. Synthesis and Evaluation of β-
Cyclodextrin–2-Hydroxyethyl Methacrylate Copolymer as
a Novel Adsorbent. Polym. International, 1997, 42, no. 1:
22–24.
28. Salmaso S., Semenzato A., Bersani S., Matricardi P.,
Rossi F., Caliceti P. Cyclodextrin/PEG based hydrogels
for multi-drug delivery. Int. J. of Pharm., 2007, 345, no. 1–
2: 42–50.
29. Cesteros L. C., Ramirez C. A., Pecina A., Katime I.
Synthesis and Properties of Hydrophilic Networks Based
on Poly(ethylene glycol) and β-Cyclodextrin.Macromol.



Ñ.Â. Ðÿáîâ, Â.Â. Áîéêî, Ë.Â. Êîáð³íà

150

Chem. and Physics, 2007, 208, no. 16: 1764–1772.
30. Cesteros L. C., Gonzalez-Teresa R., Katime I.
Hydrogels of β-cyclodextrin crosslinked by acylated
poly(ethylene glycol): Synthesis and properties.Europ.
Polym. J., 2009, 45, no. 3: 674–679.
31. Kono H., Nakamura T., Hashimoto H., Shimizu Y.
Characterization, moleculardynamics, and encapsulation
ability of β-cyclodextrin polymers crosslinked
bypolyethylene glycol. Carbohydr. Polym. 2015, 128: 11–
23.
32. Liu, Y., Zou, C., Li, C., Lin, L., Chen, W. Evaluation of
β-cyclodextrin–polyethylene glycol as green scale
inhibitors for produced-water in shale gas well.
Desalination, 2016, 377, no. 1: 28–33.
33. Morin-Crini N, Crini G. Environmental applications
of water-insoluble betacyclodextrin-epichlorohydrin
polymers. Prog. Polym. Sci. 2013, 38: 344–368.
34. Gidwani B., Vyas A. Synthesis, characterization and
application of epichlorohydrin-cyclodextrin polymer.
Colloids Surf. Part B. 2014, 114: 130–137.
35. Gu T., Tsai G.J., Tsao G.T. Synthesis of Rigid
Cyclodextrin-Containing Polymeric Resins for Adsorption.
J. Incl. Phenom. Macrocycl. Chem. 2006, 56: 375–9.
36. Binello A., Robaldo B., Barge A., Cavalli R., Cravotto
G. Synthesis of cyclodextrinbased polymers and their use
as debittering agents. J Appl Polym Sci. 2008, 107: 2549–
2557.
37. Van de Manakker F., Vermonden T., Van Nostrum C.F.,
Hennink W.E. Cyclodextrinbased polymeric materials:
Synthesis, properties, and pharmaceutical/biomedical
applications. Biomacromolecules. 2009, 10: 3157–3175.
38. Solms V.J., Egli R.H.Harze mit Einschlusshohlräumen
von Cyclodextrin-Struktur . Helvetica Chimica Acta. 1965,
48, no. 6: 1225–1228.
39. Yua J. C., Jianga Z.-T., Liua H.-Y., Lizhi Zhanga J. Y.
β-Cyclodextrin epichlorohydrin copolymer as a solid-
phase extraction adsorbent for aromatic compounds in
water samples. Analyt. Chim. Acta. 2003, 477: 93–101.
40. Wiedenhof N. Properties of Cyclodextrins Part IV:
Features and Use of Insoluble Cyclodextrin-
Epichlorohydrin-Resins. Die Starke, 1969, 21: 163–166.
41. Pat. 58-171404 Japan, IC C08 B 37/16, C 08 G 59/02.
Production of polycyclodextrin beads. H. Kazuaki, M.
Satoshi. Publ. 08.10.1983.
42. Morin-Crini N., Winterton P.,Fourmentin S., Wilson L.,
Fenyvesi E.,Crini G. Water-insoluble β-cyclodextrin–
epichlorohydrin polymers for removal of pollutants from
aqueous solutions by sorption processes using batch
studies: A review of inclusion mechanisms. Progress in
Polymer Science, 2018, 78: 1–23.
43. Crini G., Bertini S., Torri G., Naggi A., Storzini D.,
Vecchi C. Sorption of aromatic compounds in water using
insoluble cyclodextrin polymers. J. of Applied Polym. Sci.
1998, 68: 1973–1978.
44. Yu J.C., Jiang Z.T., Liu H.Y., Yu J., Zhang Z. β-
cyclodextrin epichlorohydrin copolymer as a solid-phase

extraction adsorbent for aromatic compounds in water
samples. Anal. Chim. Acta. 2003, 477: 93–101.
45. Prochowicz D., Kornowicz A., Justyniak I., Lewinski J.
Metal complexes based on cyclodextrins: Synthesis and
structural diversity. Coord. Chem. Rev. 2016; 306: 331–45.
46. Vandenbossche M., Jimenez M., Casetta M., Traisnel
M. Remediation of Heavy Metals in wastewaters by
Biomolecules - A Review. Crit. Rev. Environ. Sci. Technol.
2015, 45: 1644–704.
47. Pat. 4 547 572 USA, IC A61K 9/20; C08B 37/00; C08B
37/16. Cyclodextrin polymers swelling quickly and to a great
extent in water and process for the preparation thereof.
E. Fenyvesi, J. Szejtli, B. Zsadon, B. Antal, P. Wagner. Publ.
15.10.1985.
48. Li J., Xiao H., Li J., Zhong Y. Drug carrier systems
based on water-soluble cationic â-cyclodextrin polymers.
Inter. J. of Pharma, 2004, 278: 329–342.
49. Fenyvesi E., Ujhazy A., Szejtli J., Putter S., Gan
T.G. Controlled release of drugs from CD
polymerssubstituted with ionic groups. J. of inclusion
phenomena and molecular recognition in chem. 1996, 25:
185–189.
50. Pat. 4 535 152USA, ICC08B 37/00; C08B 37/16.Water
soluble cyclodextrin polymers substituted by ionic groups
and process for the preparation thereof. J. Szejtli, B. Zsadon,
E. Fenyvesi, M. Szilasi, F. Tudos. Publ. 13.08.1985.
51. Moon J.Y., Jung H.J., Moon M.H., Chung B.C.,
Choi M.H. Inclusion complex-based solid phase extraction
of steroidal compounds with entrapped β-cyclodextrin
polymer. Steroids, 2008; 73: 1090–1097.
52. Pat.7951890 USA, IC B2. M.H. Choi, H.K. Dong,
B.C. Chung, J.Y. Moon. Solid phase extraction method of
steroid hormones by entrapped beta-cyclodextrin
polymers. Publ. 31.05.2011.
53. Rodriguez-Tenreiro C., Alvarez-Lorenzo C.,
Rodriguez-Perez A., Concheiro A., Torres-Labandeira
J.J. Estradiol sustained release from high affinity
cyclodextrin hydrogels. Europ. J. of Pharmaceutics and
Biopharmaceutics, 2007, 66, no. 1: 55–62.
54. Werner T.C., Colwell K., Agbaria R., Warner I.M.
Binding of Pyrene to Cyclodextrin Polymers. Applied
Spectroscopy. 1996, 50: 511–516.
55. Koopmans C., Ritter H. Formation of Physical
Hydrogels via Host-Guest Interactions of β-Cyclodextrin
Polymers and Copolymers Bearing Adamantyl Groups.
Macromolecules. 2008, 41: 7418–7422.
56. Crini G. Morcellet M. Synthesis and application of
adsorbents containing cyclodextrins J. Sep. Sci. 2002. 25:
789–813.
57. Crini G.Studies on adsorption of dyes on beta-
cyclodextrin polymer. Bioresource Technology. 2003, 90,
no. 2: 193–198.
58. Amiel C., Sebille B. Association between amphiphilic
poly(ethylene oxide) and â-cyclodextrin polymers:
aggregation and phase separation. Advances in Colloid
and Interface Sci.1999, 79, no. 2–3: 105–122.



Öèêëîäåêñòðèíâì³ñí³ ïîë³ìåðè: ñèíòåç ³ âèêîðèñòàííÿ

59. Amira El Shafei, Shaarawy S., Hebeish A.Application
of reactiv cyclodextrin poly butyl acrylate preformed
polymers containing nano-ZnO to cotton fabrics and their
impact on fabric performance. Carbohydrate. 2010, 79, no.
4: 852–857.
60. Romo A., Penas F. J., Isasi J.R., Garcia-Zubiri I.X.,
Gonzales–Guitano G. Extraction of phenols from aqueous
solutions by β-cyclodextrins polymers. Comparison of
sorptive capacities with other sorbents. Reactive and
functional polymers. 2008, 68, no. 1: 406–413.
61. Wang X., Zeng H., Wei Y.,Lin J.-M.A reversible
fluorescence sensor based on insoluble β-cyclodextrin
polymer for direct determination of bisphenol A (BPA).
Sensors and Actuators B: Chemical. 2006, 114, no. 2: 565–
572.
62. Garcia-Zubiri I.X., Gonzalez-Gaitano G., Isasi J.R.
Isosteric heats of sorption of 1-naphthol and phenol from
aqueous solutions by β-cyclodextrin polymers. J. of
Colloid and Interface Sci. 2007, 307, no. 1: 64–70.
63. Ju J.-F., Syu M.-J., Teng H.-S., Chou S.-K., Chang Y.-
S.Preparation and identification of β-cyclodextrin polymer
thin film for quartz crystal microbalance sensing of
benzene, toluene, and p-xylene. Sensors and Actuators
B: Chemical. 2008, 132, no. 1: 319–326.
64. Riabov S.V., Kerch Yu.Yu., Kobrina L.V., Kobylinsky S.N.,
Laptiy S.V. Synthesis and sorption characteristics of
cyclodextrin-containing polymers Polym. J. 2006, 28, no.
1: 47–52.
65. Riabov S.V., Shevchenko V.V., Protasova N.V.,
Semenovich G.M. Compos. Polym. Materials. 2000, 22,
no. 1: 9–12.
66. Ostashko V.V. Cyclodextrin-containing polymers and
their inclusion complexes. Thesis. for scientific degree of
Ph.D. Kyiv. 2011: 156.
67. Mizobuchi Y., Tanaka M., Shono T. Preparation and
sorption behaviour of cyclodextrinpolyurethane resins.
J. of Chromatography. Part A. 1980, 194: 153–161.
68. Mohamed M.H., Wilson L.D., Headley J.V.
Investigation of the sorption properties of β-cyclodextrin-
based polyurethanes with phenolic dyes and
naphthenates. J. Colloid. Interface Sci. 2011, 356: 217–26.
69. Mohamed M.H., Wilson L.D., Headley J.V. Tuning the
physicochemical properties of β-cyclodextrin-based
polyurethanes via cross-linking conditions. Microporous
Mesoporous Mater. 2015, 214: 23–31.
70. Pat. 0575978 (A2) Europe, ICC08B37/16. Lipophilic
cyclodextrin polymers J. Szejtli, S. Puetter. Publ. 29.12.1993.
71. Pat. 3 472 835 USÀ, IC C07b 21/00; C08b 28/00
Schardinger dextrins S. Buckler, R. Martel, R.J. Moshy.
Publ. 14.10.1969.
72. Pat. 4 958 015 USÀ, ICB01J 20/26 (20060101); B01J 20/
22 (20060101). Preparation of crosslinked cyclodextrin
resins with enhanced porosity. H. Zemel, M. Koch. Publ.
18.09.1990.
73. Kutner W., Storck W., Doblhofer K. Preparation and
properties of insoluble films of cyclodextrin

condensationpolymers. Journal of inclusion phenomena
and molecular recognition in chemistry. 1992, 13, no. 3:
257–265.
74. Carpov A., Mocanu G., Vizitiu D. Functional
cyclodextrins. 1. Chloroacetylated cyclodextrins. Die
Angewandte Makromolekulare Chemie.1998, 256, no. 1:
75–79.
75. Mokae F.B. Synthesis, charactarisation and application
of nanoporous cyclodextrin polymers: dissertation
submitted in fulfillment of requirement for the degree of
Master of technology in chemistry in Faculty of Science.
Department of Chemical Technology of University of
Johanesburg, 2007: 71.
76. Pat. 20130012613USÀ, IC A1. Method for
synthesizingcalixaren and/or cyclodextrin
copolymers,terpolymers and tetrapolymers. M. Skiba. Publ.
01.10. 2013.
77. Moulahcene L., Kebiche-Senhadji O., Skiba M.,
Lahiani-Skiba M., Oughlis-Hammache F., Benamor M.
Cyclodextrin polymers for ibuprofen extraction in aqueous
solution: Recovery, separation, and characterization.
Desalination Water Treat. 2016, 57: 11392–402.
78. Zhao D., Zhu C., Tian Z., Shon X. Synthesis and
properties of water-insoluble β-cyclodextrin polymer cross
linked by citric acid with PEG-400 as modifier.
Carbohydrate Polymers. 2009, 78, no. 1: 125–130.
79. Li F., Sun X., Zhang H., Li B., Gan F. Pyromellitic
dianhydride-modified â-cyclodextrin microspheres for
Pb(II) and Cd(II) adsorption. J. Appl. Polym. Sci. 2007,
105: 3418–3425.
80. Flores J., Jimenez V., Belmar J., Mansilla H.D.,
Alderete J.B. Inclusion Complexation of Phenol
Derivatives with a β-Cyclodexrtin Based Polymer. J. Incl.
Phenom. Macrocycl. Chem. 2005, 53, no. 1–2: 63–68.
81. Berto S., Bruzzoniti M. C., Cavalli R ., Perrachon
D., Prenesti E., Sarzanini C., Trotta F., Tumiatti W. Synthesis
of new ionic β-cyclodexrtin polymers and characterization
of their heavy metals retention. J. Incl. Phenom. Macrocycl.
Chem. 2007, 57, no. 1–4: 631–636.
82. Berto S., Bruzzoniti M. C., Cavalli R ., Perrachon
D., Prenesti E., Sarzanini C., Trotta F., Tumiatti W. Highly
cross-linked ionic β-cyclodexrtin polymers and their
ineraction with heavy metals. J. Incl. Phenom. Macrocycl.
Chem. 2007, 57, no. 1–4: 637–643.
83. Riabov S.V., Kobylinskyy S.N., Ostashko V.V., Kercha Yu.Yu.
Synthesis of novel carboxylic polymers based on β-
cyclodextrin and their sorption properties. Reports of the
National Academy of Sciences of Ukraine. 2010, no. 4.:150–
155.
84. Riabov S.V., Boyko V.V., Bortnitskiy V.I., Dmitrieva T.V.,
Kobylinskyy S.N., Ostashko V.V., Kercha Yu.Yu. Structure
peculiarities of derivatives based on β-cyclodextrin and
trimellitic anhydride chloride Ukr. Chem. J. 2011, 77, no. 3:
48–53.
85. Babich I.V. Synthesis, structure and properties of
polymers based on cyclodextrin and its derivatives. Thesis.

151



Ñ.Â. Ðÿáîâ, Â.Â. Áîéêî, Ë.Â. Êîáð³íà

152

for scientific degree of Ph.D. Kyiv. 2013: 130.
86. Khmelnitsky R.A., Lukashenko I.M., Brodsky E.S.
Pyrolytic mass spectrometry of high molecular
compounds. M.: Chemistry,1980: 280.
87. Boyko V.V., Riabov S.V., Sinelnikov S.I., Babych I.V.,
Dmitrieva T.V., Laptiy S.V., Bortnitskiy V.I., Komliakova
O.M., Kercha Yu.Yu. Synthesis and investigation of water-
soluble β-cyclodextrin based polymers. Polym. j. 2012, 34,
no. 1:81–85.
88. Riabov S.V., Shtompel V.I., Kercha Yu.Yu., Lebedev A.F.
Chemical formation and structure of urethane-containing
polymers based on β-cyclodextrin. Polym. j. 2005, 27, no.
1: 40–44.
89. Riabov S.V., Boyko V.V., Kobrina L.V., Dmitrieva T.V.,
Bortnitskiy V.I., Laptiy S.V., Kercha Yu.Yu. Studying of
urethane-containing composites by β-cyclodextrin. Polym.
j. 2006, 28, no. 3: 187–194.
90. Riabov S.V., Boyko V.V., Bortnitskiy V.I., Kobrina L.V.,
Dmitrieva T.V., Kercha Yu.Yu. Heat oxygen ageing of
polyurethane composites fuctionalized by β-cyclodextrin.
Polym. j. 2007, 29, no. 3: 186–190.
91. Bibby D. C., Davies N. M., Tucker I.G. Poly(acrylic
acid) microspheres containing β-cyclodextrin: loading and
in vitro release of two dyes. International J. of
Pharmaceutics. 1999, 187, no. 2: 243–250.
92. Nozaki T., Maeda Y., Kitano H.Cyclodextrin gels which
have a temperature responsiveness. J. of Polym. Sci. Part
A, Polym. Chem. 1997, 35, no. 8: 1535–1541.
93. Paradossi G., Chiessi E., Cavalieri F., Mosconea D.,
Crescenzia V. Networks based on chitosan and oxidized
cyclodextrin – II. Structural and catalytic features of a
copper (II)-loaded network. Polymer Gels and Networks.
1997, 5, no. 6: 525–540.
94.Van Dijk M., Rijkers D. T. S., Liskamp R. M. J., Van
Nostrum C.F., Hennink W.E. Synthesis and Applications
of Biomedical and Pharmaceutical Polymers via Click
Chemistry Methodologies. Bioconjugate Chemistry. 2009,
20, no. 11: 2001–2016.
95. Ryabov S.V., Shtompel V.I., Maslyuk A.F., Kercha Yu.Yu.,
Laptiy S.V. Synthesis and structure of copolymers based
on butyl methacrylate and β-cyclodextrin Voprosy khimii
i khimicheskoi tekhnologii. 2005, ¹ 5: 107–112.
96. Ryabov S.V., Kercha Yu.Yu., Laptiy S.V., Maslyuk A.F.,
Kercha S.F., de Namor A.D. Photochemical synthesis of
β-cyclodextrin–based copolymers. Reports of the National
Academy of Sciences of Ukraine. 2005, no. 9: 159–165.
97. Ryabov S.V., Shtompel V.I., Maslyuk A.F., Kercha Yu.Yu.,
de Namor A.D. Copolymers based on butyl methacrylate
and β-cyclodextrin: Synthesis and structure. Polym. Sci.
Series A. 2006, 48, no. 4: 589–599.
98. Pat. 5 357 012 USÀ, ICC08F 251/00 (20060101); B01J 20/26
(20060101). Water-insoluble cyclodextrinpolymers and
processes for their preparation. P. Nussstein, G. Staudinger,
F.-H. Kreuzer, W. Schmitt-Sody. Publ. 18.10.1994.
99. Janus L., Crini G., El-Rezzi V., Morcelleta M.,
Cambiaghib A.,Torri G.,Naggi A.,Vecchi C. New sorbents

containing beta-cyclodextrin. Synthesis, characterization,
and sorption properties. Reactive & Functional Polymers.
1999, 42, no. 3: 173–180.
100. Pat. 10 259 202 Japan, IClC08B 37/16. Production of
(meth) acrylic ester of cyclodextrin and (meth)acrylic ester
of cyclodextrin. M. Masayuki, U. Misao. Ðubl. 29.09.1998.
101. Pat.03-221502 Japan,IC C08B 37/16. Synthesis of
cyclodextrin polymer and production of cyclodextrin film.
Y. Masanobu. Publ. 30.09.1991.
102. Siemoneit U., Schmitt C., Alvarez-Lorenzo
C.,Luzardo A., Otero-Espinar F.,Concheiro A.,Blanco-
Mendez  J. Acrylic cyclodextrin hydrogels with enhanced
drug loading and sustained release capability.
International J. of Pharmaceutics. 2006, 312, no. 1–2: 66–
74.
103. LiuY.-Y., FanX.-D., HuH., Tang Z.-H. Release of
Chlorambucil from Poly(N-isopropylacrylamide)
Hydrogels with β-Cyclodextrin Moieties. Macromolecular
Bioscience. 2004, 4, no. 8: 729–736.
104. Opanasenko Î.À., Riabov S.V., Sinelnikov S.I
Synthesis and properties ùà stitched β-cyclodextrin-
containing polymers and application to photocatalysis
processes. Ukr. Chem. J. 2014, 80, no. 5–6: 58–63.
105. Opanasenko Î.À., Riabov S.V., Sinelnikov S.I, Kercha Yu.Yu.
Cyclodextrin-containing copolymers-synthesis,
properties and applications to photocatalysis processes.
Reports of the National Academy of Sciences of Ukraine.
2014, no. 8: 103–108.
106. Radchenko O. A. Synthesis and properties of
cyclodextrin-containing oligomers and polymers and their
impact on processes of environmental pollutants
photocatalytic degradation. Thesis for scientific degree
of Ph.D. Kyiv, 2015. Manuscript.
107. Opanasenko Î.À., Riabov S.V., Sinelnikov S.I
Synthesis and properties titanium dioxide by the β-
cyclodextrin-containing polymers. Ukr. chem. J. 2015, 81,
no. 7: 68–73.
108. Opanasenko Î.À., Riabov S.V., Sinelnikov S.I,
Boyko V.V., Bortnitskiy V.I. Synthesis and properties
titanium dioxide by the β-cyclodextrin-containing
polymers applying pyrolysis mass spectrometry. Polym.
J. 2015, 37, no. 1: 54–59.
109. Opanasenko Î.À., Boyko V.V., Sinelnikov S.I,
Riabov S.V. The effect of UV-radiation on chemical
transformations of β-cyclodextrin in the presence of
titanium dioxide. Polym. J. 2014, 36, no. 1: 98–101.
110. Kawano S.,  KidaT.,  MiyawakiK.,  NoguchiY., Kato E.,
Nakano T., Akashi M. Cyclodextrin polymers as highly
effective adsorbents for removal and recovery of
polychlorobiphenyl (PCB) contaminants in insulating oil.
Environ. Sci. Technol., 2014, 48, no. 14: 8094–8100.
111. Harada A., Takashima Y., Nakahata M.
Supramolecular polymeric materials via cyclodextrin–
guest interactions. Acc. Chem. Res. 2014, 47, no. 7: 2128–
2140.
112. Simoesa S.M.N., Veiga F., Ribeiro A.C.F., Figueiras A.R.,



Taboada P., Concheiro A., Alvarez-Lorenzoc C.
Supramolecular gels of poly-α-cyclodextrin and PEO-
based copolymers for controlled drug release. Europ. J. of
Pharmaceutics and Biopharmaceutics, 2014, 87, no. 3: 579–
588.
113. Moulahcene L. ,.Skiba M, Senhadji O., Milon N.,
Benamor M., Lahiani-Skiba M. Inclusion and removal of
pharmaceutical residues from aqueous solution using
water-insoluble cyclodextrin polymers. Chem.Engineering
Res. and Design. 2015, 97: 145–158.
114. Wintgens V., Lorthioir C., Dubot P., Sebille B., Amiel C.
Cyclodextrin/dextran based hydrogels prepared by cross-
linking with sodium trimetaphosphate. Carbohudrate
Polymers. 2015, 132: 80–88.
115. Peng K.,Chen C.,Pan W.,Liu W.,Wang Z.,Zhu L.
Preparation and properties of β-cyclodextrin/4,42 -
diphenylmethane diisocyanate/polyethylene glycol (β-
CD/MDI/PEG) crosslinking copolymers as polymeric
solid–solid phase change materials. Solar Energy
Materialsand Solar Cells. 2016, 145, no. 3: 238–247.
116. Euvrard E., Morin-Crini N., Druart C.,  BugnetJ., 
Martel B., Cosentino C.,  Moutarlier V.,  Crini G.Cross-
linked cyclodextrin-based materialfor treatment of metals
and organicsubstancespresentin industrial discharge
waters. Beilstein J. Org. Chem. 2016; 12: 1826–1838.
117.  Alsbaiee A., Smith B. J., Xiao L.,Ling Y., Helbling D.E.,
Dichtel W.R.Rapid removal of organic micropollutants from
waterby a poros β-Cyclodextrin polymer. Nature. 2016,
529: 190–194.
118. Tabary N., Garcia-Fernandez M. J., Danede F.,
Descamps M., Martel B., Willart J.-F. Determination of
the glass transition temperature of cyclodextrin polymers.
Carbohudrate Polymers. 2016, 148: 172–180.
119. Gonzalez-Gaitano G., Ramon Isasi J., Velaz I.,

Zornoza A. Drug carrier systems based
oncyclodextrin supramolecularassemblies and polymers:
present and perspectives. Current Pharmaceutical  Design.
2017, 23, no. 3: 411–432.
120. Jiang Y., Liu B., Xu J., Pan K., Hou H., Hu J., Yang J.
Cross-linked chitosan/β-cyclodextrin composite for
selective of methyl orange: Adsorption performance and
mechanism. Carbohudrate Polymers. 2018, 182: 106–114.
121. Shen P., Qiu L. Dual-responsive recurrent self-
assembly of a supramolecular polymer based on thehost–
guest complexation interaction between β-cyclodextrin and
azobenzene. New J. Chem. 2018, 42: 3593–3601.
122. Zhou Y., Hu Y., Huang W., Cheng G., Cui C., Lu J. A
novel amphoteric β-cyclodextrin-based adsorbent for
simultaneous A novel amphoteric β-cyclodextrin-based
adsorbent for simultaneous removal of cationic/anionic
dyes and bisphenol A. Chem. Engineering J. 2018, 341:
47–57.
123. Fang Y., Yang Z., Zhang X., Ji H. Synergistic catalytic
oxidation of cinnamaldehydes by poly(vinyl
alcohol)functionalized β-cyclodextrin polymer in CaO2/
HCO3-system. Supramolecular Chemistry. 2018, 30, no. 2:
134–145.
124. Karpkird T., Khunsakorn R., Noptheeranuphap C.,
Midpanon S. Inclusion complexes and photostability of
UV filters and curcuminwith beta-cyclodextrinpolymers:
effect on cross-linkers. J. of Inclusion Phenomena and
Macrocyclic Chemistry. 2018. 90: 1–9.
125. Li Y., Zhen W. Preparation and Performance of
Poly(Lactic Acid)-γ -Cyclodextrin Inclusion Complex-
Poly(Lactic Acid) Multibranched Polymers by the
Extrusion Process. Polymer-Plastics Technology and
Engineering. 2018, 57, no. 9: 836–849.

Íàä³éøëà äî ðåäàêö³¿ 20 òðàâíÿ 2018 ð.

153

Öèêëîäåêñòðèíâì³ñí³ ïîë³ìåðè: ñèíòåç ³ âèêîðèñòàííÿ



154

Ñ.Â. Ðÿáîâ, Â.Â. Áîéêî, Ë.Â. Êîáð³íà

Öèêëîäåêñòðèíñîäåðæàùèå ïîëèìåðû: ñèíòåç è èñïîëüçîâàíèå

Ñ.Â. Ðÿáîâ, Â.Â. Áîéêî, Ë.Â. Êîáðèíà

Èíñòèòóò õèìèè âûñîêîìîëåêóëÿðíûõ ñîåäèíåíèé ÍÀÍ Óêðàèíû
48, Õàðüêîâñêîå øîññå, Êèåâ, 02160, Óêðàèíà

Èçëîæåíû îñíîâíûå ìåòîäû ïîëó÷åíèÿ ïîëèìåðîâ è ïîëèìåðíûõ ñèñòåì ðàçíîîáðàçíîãî ñòðîåíèÿ
íà îñíîâå èëè ñ èñïîëüçîâàíèåì öèêëîäåêñòðèíîâ (ÖÄ). Òàêèå ñèñòåìû èíòåðåñíû òåì, ÷òî, ñ
îäíîé ñòîðîíû âîçìîæåí ïðîöåññ âêëþ÷åíèÿ â ïîëîñòü ÖÄ ìîëåêóëû - “ãîñòÿ”, à ñ äðóãîé -
óäåðæàíèå ñóáñòðàòà ñîáñòâåííî ïîëèìåðíîé ñåòêîé, îáðàçîâàííîé ìàêðîöèêëàìè ÖÄ.
Áëàãîäàðÿ òàêèì ñâîéñòâàì öèêëîäåêñòðèíñîäåðæàùèå ïîëèìåðû ïðåäñòàâëÿþò èíòåðåñ êàê
ñ íàó÷íîé (èçó÷åíèå ðàçëè÷íûõ ìîäåëüíûõ âçàèìîäåéñòâèé), òàê è ñ ïðàêòè÷åñêîé òî÷åê çðåíèÿ.
Â îáçîðå ïðèâåäåíû ïðèìåðû èñïîëüçîâàíèÿ ÖÄ è èõ ïðîèçâîäíûõ êàê ôîðïîëèìåðîâ äëÿ
ðàçðàáîòêè øèðîêîãî äèàïàçîíà ïîëèìåðíûõ ñåòîê è êîìïëåêñîâ, îò õðîìàòîãðàôè÷åñêèõ
ñîðáåíòîâ (äëÿ ðàçäåëåíèÿ ðàöåìàòîâ) äî ìèìåòèêîâ ýíçèìîâ. Ïîêàçàíî, ÷òî òàêèå ïîëèìåðû
ìîãóò íàéòè ïðèìåíåíèå â ñåíñîðíûõ òåõíîëîãèÿõ è â ýëåêòðîííûõ óñòðîéñòâàõ, à òàêæå â
êà÷åñòâå ñîðáåíòîâ è êàòàëèçàòîðîâ.

Êëþ÷åâûå ñëîâà: öèêëîäåêñòðèíû (ÖÄ), êîìïëåêñ-âêëþ÷åíèÿ, ïîëèìåðû, ñîðáåíòû, êàòàëèçàòîðû.
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A review of the main methods for obtaining polymers and polymer systems of various structures based
on or using cyclodextrins (CDs) has been given. Unique structural features of CDs, namely the
separation of hydrophilic and hydrophobic groups, cause unusual physical and chemical properties
of these molecules. The most important property of natural or chemically modified CDs is the ability to
reversibly and selectively bind organic, inorganic, and biological molecules, forming inclusion
complexes (ICs) of the “guest–host” type. Such systems are interesting in that, on the one hand, a
process of incorporation into the CDs cavity of the molecule - the “guest”, and on the other hand - the
retention of the substrate by the proper polymer network formed by the macrocycles of the CD is
possible. Due to such properties, cyclodextrin-containing polymers are of interest both from the scientific
(the study of various model interactions) and from the practical points of view.The most interesting
examples of the application of ICs with CDs in pharmaceutical, food, and chemical industry,
spectrometric analysis, separation technologies, of the use of CDs as models for molecular recognition
in biology are given in the review. The mechanism and methods of the formation of ICs, their properties
and the methods of analysis have been described. Particular attention has been paid to cyclodextrin-
containing polymers. The review gives examples of the use of CDs and their derivatives as prepolymers
for the development of a wide range of polymer networks and complexes. One of the new promising
directions of the application of CDs, namely, the preparation of nanosized materials, has been
considered.

Key words: cyclodextrins (CD), complex, polymers, sorbents, catalysts.


