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Çàïðîïîíîâàíî ìåòîäîëîã³þ ïðîâåäåííÿ êåðîâàíî¿ ðàäèêàëüíî¿ áëîê-êîïîë³ìåðèçàö³¿ àêðèëîâî¿
êèñëîòè ç àêðèëàì³äîì çà ìåõàí³çìîì RAFT/MADIX äëÿ îòðèìàííÿ äè- ³ òðèáëîê-êîïîë³ìåð³â
çàäàíî¿ àðõ³òåêòóðè. Ñèíòåçîâàíî äâ³ ñåð³¿ àñèìåòðè÷íèõ áëîê-êîïîë³ìåð³â ÏÀÊ-b-ÏÀÀ ³ ÏÀÀ-
b-ÏÀÊ-b-ÏÀÀ ç ïîñò³éíîþ äîâæèíîþ áëîêó  ÏÀÊ (~10 êÄà) òà çì³ííîþ äîâæèíîþ íå³îíîãåííèõ
áëîê³â. Äîñë³äæåíî îñîáëèâîñò³ ìîðôîëîã³¿ îòðèìàíèõ áëîê-êîïîë³ìåð³â ³ âèâ÷åíî ïðîöåñè ¿õ
ì³öåëîóòâîðåííÿ ó âîäíèõ ðîç÷èíàõ. Ïîêàçàíî, ùî çðîñòàííÿ äîâæèíè áëîê³â ÏÀÀ ó ñêëàä³
êîïîë³ìåð³â, ÿêå ïðèâîäèòü äî çá³ëüøåííÿ ðîçì³ðó “êîðîíè” ì³öåë, ñòàá³ë³çóº ì³öåëÿðí³
ñòðóêòóðè. Âñòàíîâëåíî ³ñíóâàííÿ â äîñë³äæåíèõ çðàçêàõ òðèáëîê-êîïîë³ìåð³â äâîõ
ìîðôîëîã³÷íèõ ôîðì ïåðâèííèõ ì³öåë, ùî çóìîâëåíî ïðèíöèïîâîþ â³äì³íí³ñòþ ìåõàí³çì³â ¿õ
óòâîðåííÿ.

Êëþ÷îâ³ ñëîâà: ïîë³àêðèëàì³ä, ïîë³àêðèëîâà êèñëîòà,  ì³öåëÿðí³ êîìïîçèö³¿, «ïñåâäîæèâà» ðàäèêàëüíà
ïîë³ìåðèçàö³ÿ.

Âñòóï.
Ãåòåðîãåíí³ ïîë³ìåðè, òàê³ ÿê áëîê- ³ ïðèùåïëåí³

êîïîë³ìåðè, ââàæàþòüñÿ íà ñüîãîäí³ îäíèìè ç íàéá³ëüø
ïåðñïåêòèâíèõ ôóíêö³îíàëüíèõ ìàòåð³àë³â. Öå çóìîâ-
ëåíî øèðîêèìè ìîæëèâîñòÿìè ðåãóëþâàííÿ ¿õ ñòðóê-
òóðè ³ âëàñòèâîñòåé çà ðàõóíîê âàð³þâàííÿ õ³ì³÷íî¿
ïðèðîäè ³ äîâæèíè ïîë³ìåðíèõ êîìïîíåíò³â, à ó âèïàä-
êó ïðèùåïëåíèõ êîïîë³ìåð³â – ùå é ê³ëüêîñò³ (ãóñòèíè)
ïðèùåïëåíèõ ëàíöþã³â.

Òðàäèö³éíèì øëÿõîì ñòâîðåííÿ íàíîðåàêòîð³â ³
íàíîêîíòåéíåð³â º ñèíòåç äèáëîê-êîïîë³ìåð³â ç íåñóì³ñ-
íèìè ã³äðîôîáíèìè òà ã³äðîô³ëüíèìè áëîêàìè ð³çíî¿
â³äíîñíî¿ äîâæèíè ëàíöþã³â. Ñàìîçáèðàííÿ òàêèõ ìàê-
ðîìîëåêóë ó ïîëÿðíèõ àáî íåïîëÿðíèõ ðîç÷èííèêàõ
çàáåçïå÷óº ôîðìóâàííÿ “ïðÿìèõ” ÷è “îáåðíåíèõ” ì³öå-
ëÿðíèõ àáî âåçèêóëÿðíèõ ñòðóêòóð, ÿê³ ³ âèêîíóþòü ðîëü
íàíîðåàêòîð³â ÷è íàíîêîíòåéíåð³â. Íà â³äì³íó â³ä öüî-
ãî, íà êàôåäð³ õ³ì³¿ âèñîêîìîëåêóëÿðíèõ ñïîëóê õ³ì³÷íî-
ãî ôàêóëüòåòó Êè¿âñüêîãî íàö³îíàëüíîãî óí³âåðñèòåòó
³ìåí³ Òàðàñà Øåâ÷åíêà ðîçðîáëÿþòüñÿ àìô³ô³ëüí³
áëîê- ³ ïðèùåïëåí³ êîïîë³ìåðè ïðèíöèïîâî ³íøîãî
òèïó. Âîíè ñêëàäàþòüñÿ ç ã³äðîô³ëüíèõ áëîê³â, çäàòíèõ
êîîïåðàòèâíî âçàºìîä³ÿòè ì³æ ñîáîþ, ³ óòâîðþþòü
³íòðàìîëåêóëÿðí³ ïîë³êîìïëåêñè (²íòðàÏÊ), â ÿêèõ
³ñíóþòü ã³äðîôîáí³ ä³ëÿíêè çâ’ÿçóâàííÿ àêòèâíèõ ãðóï
êîìïîíåíò³â ³ ã³äðîô³ëüí³ ôðàãìåíòè íåçâ’ÿçàíèõ

ïîë³ìåðíèõ ñåãìåíò³â.
 Îäíèì ç ïåðñïåêòèâíèõ íàïðÿì³â âèêîðèñòàííÿ

²íòðàÏÊ º ðîçðîáêà íàíîêîíòåéíåð³â äëÿ ö³ëüîâî¿ äî-
ñòàâêè ë³ê³â â îðãàí³çì³, à òàêîæ ³íøèõ ë³êàðñüêèõ ôîðì
äëÿ êåðîâàíîãî âèä³ëåííÿ ë³êàðñüêèõ ïðåïàðàò³â. Âèêî-
ðèñòàííÿ áëîê- ³ ïðèùåïëåíèõ êîïîë³ìåð³â, ùî óòâî-
ðþþòü ²íòðàÏÊ,  ó òîíêèõ íàíîòåõíîëîã³ÿõ ïîòðåáóº
á³ëüø äîñêîíàëèõ ìåòîä³â ¿õ ñèíòåçó ç ìåòîþ îòðèìàí-
íÿ çàäàíî¿ ìîëåêóëÿðíî¿ ìàñè ³ ìîëåêóëÿðíî¿ àðõ³òåê-
òóðè.

Òðàäèö³éíèé ìåòîä, îñíîâàíèé íà îêèñíî-â³äíîâí³é
ðåàêö³¿ ³í³ö³þâàííÿ ã³äðîêñèëüíèõ ãðóï ïîë³åòåëåíãë³-
êîëþ àáî ïîë³â³í³ëîâîãî ñïèðòó ñîëÿìè ìåòàëë³â çì³ííî¿
âàëåíòíîñò³, íå ìîæå çàäîâ³ëüíèòè ïîâíîþ ì³ðîþ ó
çâ’ÿçêó  ç íåäîñòàòíüîþ êåðîâàí³ñòþ ïðîöåñó. Ì³æ òèì
îñòàíí³ì ÷àñîì àêòèâíî ðîçðîáëÿþòüñÿ âàð³àíòè êå-
ðîâàíîãî ðàäèêàëüíîãî ñèíòåçó (òàê çâàíî¿ „ïñåâäîæè-
âî¿” ðàäèêàëüíî¿ ïîë³ìåðèçàö³¿), ÿê³ äàþòü çìîãó îòðè-
ìóâàòè  ë³í³éí³ áëîê- êîïîë³ìåðè ³ç çàäàíèì ñêëàäîì,
ìîëåêóëÿðíèìè ìàñàìè áëîê³â ³ âóçüêèì ÌÌÐ. Îäíèì
ç ïåðñïåêòèâíèõ âàð³àíò³â “ïñåâäîæèâîãî” ðàäèêàëü-
íîãî ïðîöåñó º ðåàêö³ÿ ç îáåðíåíèì ïåðåäàâàííÿì ëàí-
öþãà, â³äîìà ÿê RAFT/MADIX-ïîë³ìåðèçàö³ÿ [1–4]. Ó
öèõ ïðîöåñàõ êð³ì çâè÷àéíèõ ñòàä³é ³í³ö³þâàííÿ òà ðîñ-
òó ëàíöþãà â³äáóâàþòüñÿ îáåðíåí³ ðåàêö³¿ ïåðåäàâàííÿ
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ëàíöþãà íà ò³îêàðáîí³ëò³îñïîëóêè (äèò³îåcòåðè, äèò³î-
êàðáàìàòè, òðèò³îêàðáîíàòè òà êñàíòàòè) çàãàëüíî¿
ôîðìóëè  Z–C(=S)SR ÿê ðåãóëÿòîðè ðîñòó ëàíöþãà.
Áàãàòîðàçîâå ïîâòîðåííÿ àêò³â ïåðåäàâàííÿ (“îæèâ-
ëåííÿ” ìàêðîðàäèêàë³â) çàáåçïå÷óº çðîñòàííÿ ìàêðî-
ìîëåêóë òà ¿õ âèð³âíþâàííÿ çà äîâæèíîþ. Áóäó÷è ³äåí-
òè÷íèìè çà ìåõàí³çìîì, RAFT ³ MADIX ïîë³ìåðèçàö³¿
â³äð³çíÿþòüñÿ ïðèðîäîþ àãåíò³â ïåðåäàâàííÿ ëàíöþãà
(ÀÏË): çà ìåòîäîì RAFT âèêîðèñòîâóþòü áóäü-ÿê³ ÀÏË
ôîðìóëè Z–C(=S)S–R, à çà ìåòîäîì MADIX – ëèøå
êñàíòàòè, â ÿêèõ Z=OZ’ [5]. Çà äîïîìîãîþ MADIX-(êî)-
ïîë³ìåðèçàö³¿ îòðèìóþòü ãîìîïîë³ìåðè òà áëîê-êîïî-
ë³ìåðè ñòèðîëó, (ìåò)àêðèëàò³â, àêðèëîâî¿ êèñëîòè, äè-
ìåòèëàêðèëàì³äó, åòèëåíîêñèäó [6].

Ó ðîáîò³ ïîêàçàíî ìîæëèâ³ñòü âèêîðèñòàííÿ RAFT/
ÌÀDIX êåðîâàíî¿ ðàäèêàëüíî¿ ïîë³ìåðèçàö³¿ äëÿ îò-
ðèìàííÿ  äè- òà òðèáëîê-êîïîë³ìåð³â íà îñíîâ³
õ³ì³÷íî êîìïëåìåíòàðíèõ ïîë³àêðèëàì³äó ³ ïîë³àêðè-
ëîâî¿ êèñëîòè ³ç çàäàíîþ ìîëåêóëÿðíîþ ñòðóêòóðîþ
òà äîñë³äæåíî îñîáëèâîñò³ ì³öåëîóòâîðåííÿ îòðèìà-
íèõ áëîê-êîïîë³ìåð³â ó âîäíèõ ðîç÷èíàõ çàëåæíî â³ä
ïàðàìåòð³â îêðåìèõ áëîê³â.
Åêñïåðèìåíòàëüíà ÷àñòèíà.

Â ðîáîò³ âèêîðèñòîâóâàëè àêðèëàì³ä (ÀÌ), àêðè-
ëîâó êèñëîòó (ÀÊ), åòàíîë, àöåòîí âèðîáíèöòâà
«Aldrich» (ÑØÀ) òà ðåãóëÿòîð Rhodixan A1 âèðîáíèö-
òâà «Rhodia» (Ôðàíö³ÿ) áåç äîäàòêîâîãî î÷èùåííÿ.

Äëÿ ñèíòåçó áëîê-êîïîë³ìåð³â çàñòîñîâóâàëè ìî-
íîôóíêö³îíàëüíèé êñàíòàò:       Î-åòèë-S-(1-ìåòîêñè-
êàðáîí³ë)åòèëäèò³îêàðáîíàò (Rhodixan A1) (ðèñ. 1à) òà
éîãî á³ôóíêö³îíàëüíå ïîõ³äíå, îòðèìàíå çà ñõåìîþ íà
ðèñ. 1á.

 Íàÿâí³ñòü ôóíêö³îíàëüíèõ ãðóï êñàíòàòó âñòàíîâ-
ëþâàëè çà äîïîìîãîþ ßÌÐ ñïåêòðîìåòðà Bruker
AC200 NMR â äåéòåðîõëîðîôîðì³: δ=4,62 ì.÷. (ÑÍ3–
ÑÍ2–, 4Í); 4,48 ì.÷. (ÑÍ2–ÑÍ2–Î–, 4H); 4,42 ì.÷. (ÑÍ–S,
2H); 1,58 ì.÷. (CH3–CH–S, 6H); 1,42 ì.÷. (CH3–CH2–, 6H).

Áëîê-êîïîë³ìåðèçàö³þ ïðîâîäèëè â äâ³ ñòàä³¿ çã³äíî
ç³ ñõåìîþ íà ðèñ. 2. ²í³ö³àòîð 4,4'-àçîá³ñ(4-ïåíòàíîâó
êèñëîòó) (ACVA) ïåðåêðèñòàë³çîâóâàëè ç ìåòàíîëó. Íà
ïåðø³é ñòàä³¿ îòðèìóâàëè ïðåïîë³ìåðè ÏÀÊ-ÕÀ1 àáî
ÕÀ1-ÏÀÊ-ÕÀ1 ³ç çàëèøêàìè êñàíòàòó. Ðåàêö³þ ïðîâî-
äèëè ó ðîç÷èííèêó âîäà:åòàíîë=4:1 çà Ò = 60 °Ñ â ³íåðòí³é
àòìîñôåð³ ïðîòÿãîì 2 ãîä. Ïðåïîë³ìåðè ÏÀÊ-ÕÀ1 ³
ÕÀ1-ÏÀÊ-ÕÀ1 âèä³ëÿëè ç ðåàêö³éíîãî ñåðåäîâèùà,
ðîç÷èíÿëè â äå³îí³çîâàí³é âîä³, ë³îô³ëüíî âèñóøóâàëè
òà âèêîðèñòîâóâàëè äëÿ íàðîùóâàííÿ áëîê³â ÏÀÀ.

Äðóãó ñòàä³þ ïðîöåñó çä³éñíþâàëè ó âîä³ çà ê³ìíàò-
íî¿ òåìïåðàòóðè ç âèêîðèñòàííÿì ñèñòåìè (NH4)2S2O8/
NaFS (ôîðìàëüäåã³ä ñóëüôîêñèëàò íàòð³þ) ÿê ³í³ö³òîðà.
Ðåàêö³éíó ñóì³ø âèñàäæóâàëè â 1,4-ä³îêñàí, îñàä ðîç-
÷èíÿëè ó äå³îí³çîâàí³é âîä³ òà ë³îô³ëüíî ñóøèëè. Ó
á³ëüøîñò³ âèïàäê³â êîíâåðñ³ÿ ìîíîìåðó äîñÿãàëà 99 %.

Ìîëåêóëÿðí³ ïàðàìåòðè çðàçê³â ÏÀÊ-b-ÏÀÀ (ÄÁÊ)
³ ÏÀÀ-b-ÏÀÊ-b-ÏÀÀ (ÒÁÊ) âèçíà÷àëè ìåòîäîì ð³äèí-
íî¿ åêñêëþç³éíî¿ õðîìàòîãðàô³¿ (SEC-RI-MALS). Âèì³-
ðþâàííÿ ïðîâîäèëè íà õðîìàòîãðàô³ ô³ðìè “Varian”
(ÑØÀ), îçäîáëåíîìó ðåôðàêòîìåòðè÷íèì äåòåêòîðîì
òà êîëîíêàìè “Shodex SB-807”; øâèäê³ñòü åëþþâàííÿ
1 ñì3/õâ, Ò=25 °Ñ. Õðîìàòîãðàô êàë³áðóâàëè çà ÏÅÎ-
ñòàíäàðòàìè ç Mw=50 ³ 100 êÄà (Mw/Mn=1,01). Âèõ³ä
ïîë³ìåð³â êîíòðîëþâàëè ðåôðàêòîìåòðè÷íèì äåòåêòî-
ðîì (RI), âèçíà÷àþ÷è ð³çíèöþ ì³æ ïîêàçíèêàìè çàëîì-
ëåííÿ ðîç÷èíó ïîë³ìåðó ³ åëþåíòà. ßê åëþåíò âèêîðèñ-
òîâóâàëè âîäó, ùî ì³ñòèëà NaNO3 (0,1 ìîëü·ë-1) ³ NaN3
(áàêòåðèöèäíèé àãåíò). Ìîëåêóëÿðíó ìàñó ÏÀÊ-ÕÀ1
ðîçðàõîâóâàëè çà ïîêàçíèêàìè äåòåêòîðà ëàçåðíîãî
øèðîêîêóòîâîãî ñâ³òëîðîçñ³þâàííÿ ç äîâæèíîþ õâèë³
ëàçåðà 633 íì, ÿêèé áóâ ïðèºäíàíèé äî õðîìàòîãðàôà
(MALLS/SEC). ²íêðåìåíòè ïîêàçíèêà çàëîìëåííÿ (dn/
dc) âèçíà÷àëè ðåôðàêòîìåòðè÷íèì äåòåêòîðîì äëÿ
ðîç÷èí³â ÏÀÊ ³ ÏÀÀ â³äîìî¿ êîíöåíòðàö³¿.

Äëÿ ï³äòâåðäæåííÿ õ³ì³÷íî¿ áóäîâè ñèíòåçîâàíèõ
êîïîë³ìåð³â ³ âèçíà÷åííÿ ñåðåäíüîãî ñòóïåíÿ ïîë³ìå-
ðèçàö³¿ áëîê³â ÏÀÀ âèêîðèñòîâóâàëè 1Í ßÌÐ-ñïåêòðî-
ñêîï³þ. Ñïåêòðè ðîç÷èí³â ÄÁÊ ³ ÒÁÊ ó D2O çà êîíöåíò-
ðàö³¿ 10 êã·ì-3 çàïèñóâàëè íà ßÌÐ-ñïåêòðîìåòð³ Bruker
ARX 400 çà ê³ìíàòíî¿ òåìïåðàòóðè íà ÷àñòîò³ 400,13 ÌÃö
çà óìîâ íàêîïè÷åííÿ ñèãíàë³â äëÿ ï³äâèùåííÿ
ñï³ââ³äíîøåííÿ ñèãíàë/øóì. Â³äë³ê çíà÷åíü õ³ì³÷íèõ
çñóâ³â çä³éñíþâàëè â³äíîñíî ñèãíàëó ïðîòîí³â òåòðà-
ìåòèëñèëàíó.

Äëÿ âèçíà÷åííÿ òåðìîäèíàì³÷íèõ ïàðàìåòð³â ì³öåë
âèì³ðþâàëè ³íòåíñèâí³ñòü ðîçñ³þâàííÿ âåðòèêàëüíî
ïîëÿðèçîâàíîãî ñâ³òëà çà äîïîìîãîþ ìîäåðí³çîâàíî-
ãî ïðèëàäó ÔÏÑ-3 (Ðîñ³ÿ), ùî ì³ñòèâ ñâ³òëîä³îä
WP7113VGC/A (λ=520 íì) â³ä “Kingbright”, êîíòðîëåð
ADC-CPU™ ô³ðìè “Insoftus” (Óêðà¿íà) ³ ïðîãðàìó
“WINRECORDER”. Åêñïåðèìåíòè ïðîâîäèëè çà Ò=25 °Ñ
ó âåðòèêàëüíî-ïîëÿðèçîâàíîìó ñâ³òë³ çà êóòà ðîçñ³þ-
âàííÿ θ=90° â ³íòåðâàë³ êîíöåíòðàö³é áëîê-êîïîë³ìåð³â
0,01÷1,00 êã·ì-3.

Äîñë³äæåííÿ ìîðôîëîã³¿ òà ðîçì³ð³â ì³öåë çä³éñíþ-

20 °Ñ, 2 ãîä, åòàíîë

Ðèñ. 1. Ôîðìóëà Rhodixan A1 (à) ³ ñõåìà ñèíòåçó
äèêñàíòàòó (á)

à á

Ìîíîìåð Ì

²
60 °Ñ, 2 ãîä.

ACVA, Rhodixan A1
EtOH/H2O (1:4)

²²
60 °Ñ, 2 ãîä.

àáî

ACVA, Äèêñàíòàò
EtOH/H2O (1:4)

XA1-M-XA1 XA1-ÏÀÀ-M-ÏÀÀ-XA1

M-XA1 M-ÏÀÀ-XA1

H2O, 20 °Ñ, 24 ãîä.
(NH4)2S2O3/NaFS

H2O, 20 °Ñ, 24 ãîä.
(NH4)2S2O3/NaFS

Ðèñ. 2. Ñõåìà ñèíòåçó êîïîë³ìåð³â ÏÀÊ-b-ÏÀÀ ³
ÏÀÀ-b-ÏÀÊ-b-ÏÀÀ
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âàëè çà äîïîìîãîþ åëåêòðîííîãî ì³êðîñêîïà JEM-I23O
ô³ðìè “JEOL” (ßïîí³ÿ) çà íàïðóãè 90 êÂ. Äëÿ öüîãî
êðàïëèíè (1·10-4 cì3) ì³öåëÿðíèõ ðîç÷èí³â êîïîë³ìåð³â
çà êîíöåíòðàö³¿ 0,2÷0,3 êã·ì-3 íàíîñèëè íà ì³äí³ ñ³òî÷-
êè, íàãð³ò³ äî Ò~50 C, âèñóøóâàëè ñïî÷àòêó çà ê³ìíàò-
íî¿ òåìïåðàòóðè ïðîòÿãîì ~0,5–1,0 õâ íà ïîâ³òð³, äàë³ –
1 äîáó ó âàêóóì-åêñèêàòîð³.
Ðåçóëüòàòè äîñë³äæåííÿ òà ¿õ îáãîâîðåííÿ.

Â 1Í ßÌÐ-ñïåêòðàõ ÏÀÊ-ÕÀ1 áóëî âèÿâëåíî ñèã-
íàëè äèò³îêàðáîíàòíèõ ³ ïðîï³îíàòíèõ ãðóï: δ=1,4 ì.÷.
äëÿ –S(C=S)OCH2–CH3 òà 1,18 ì.÷. äëÿ
CH3Î(Ñ=Î)ÑÍ(CH3). Öå îçíà÷àëî, ùî Rhodixan A1 ñïðè-
ÿâ øâèäêîìó ïðèºäíàííþ ïîë³ìåðíîãî ðàäèêàëà äî
Ñ=S çâ‘ÿçêó òà øâèäê³é ôðàãìåíòàö³¿ “æèâèõ” ïðîï³î-
í³ëüíèõ ðàäèêàë³â. Âèá³ð á³ôóíêö³îíàëüíîãî äèêñàíòà-
òó äëÿ ñèíòåçó òðèáëîê-êîïîë³ìåð³â áóâ ö³ëêîì çðîçó-
ì³ëèì. Ä³éñíî, Rhodixan A1 ³ äèêñàíòàò ìàþòü îäíàêîâ³
äèò³îêàðáîíàòí³ ôðàãìåíòè òà ïðîï³îíàòí³ “æèâ³” ðà-
äèêàëè Alk–O(CO)–CH·(CH3)–, òîìó ïðè âèêîðèñòàíí³
äèêñàíòàòó ñë³ä áóëî î÷³êóâàòè çðîñòàííÿ ëàíöþã³â
ÏÀÊ, à ïîò³ì ³ ÏÀÀ çà äâîìà íàïðÿìàìè â³ä êîæíî¿
äèò³îêàðáîíàòíî¿ ãðóïè. Ðåòåëüíà õàðàêòåðèñòèêà ïðî-
äóêò³â ñèíòåçó ïîêàçàëà, ùî RAFT/MADIX áëîê-êîïî-
ë³ìåðèçàö³¿ ³ âèêîðèñòàííÿ Rhodixan A1 àáî äèêñàíòàòó
ÿê ðåãóëÿòîð³â ðîñòó ëàíöþãà óìîæëèâèëî îòðèìàííÿ
äè- òà òðèáëîê-êîïîë³ìåð³â çà ó÷àñò³ ÏÀÊ ³ ÏÀÀ ç
ê³ëüê³ñíèì âèõîäîì ³ çàäàíîþ ìîëåêóëÿðíîþ àðõ³òåê-
òóðîþ. Çà äîïîìîãîþ öüîãî ìåòîäó áóëî ñèíòåçîâàíî
äâ³ ñåð³¿ àñèìåòðè÷íèõ áëîê-êîïîë³ìåð³â ÏÀÊ-b-ÏÀÀ ³
ÏÀÀ-b-ÏÀÊ-b-ÏÀÀ ç õ³ì³÷íî êîìïëåìåíòàðíèìè áëî-
êàìè, â ÿêèõ ìîëåêóëÿðíà ìàñà áëîê³â ÏÀÊ áóëà ïîñò³é-
íîþ (~10 êÄà), à ÌÌ íå³îíîãåííèõ áëîê³â çì³íþâàëàñü

ó äîñòàòíüî øèðîêèõ ìåæàõ (òàáë. 1).
Äëÿ âñ³õ çðàçê³â ÄÁÊ ³ ÒÁÊ ñïîñòåð³ãàëè óí³ìîäàëüí³

òà ñèìåòðè÷í³ õðîìàòîãðàìè ç íèçüêèì êîåô³ö³ºíòîì
ïîë³äèñïåðñíîñò³ (ðèñ. 3).

Õðîìàòîãðàìè çàêîíîì³ðíî çì³ùóâàëèñü ó á³ê ìåí-
øîãî ÷àñó óòðèìàííÿ (á³ëüøèõ ìîëåêóëÿðíèõ ìàñ) ïðè
çðîñòàíí³ êîíöåíòðàö³¿ êñàíòàò-àãåíò³â, ùî ñïðèÿëî
ïîäîâæåííþ â³äïîâ³äíèõ áëîê³â. Ðîçðàõîâàí³ ç öèõ äà-
íèõ ìîëåêóëÿðí³ ïàðàìåòðè áëîê-êîïîë³ìåð³â ç³áðàí³ â
òàáë. 1. Îòæå, ðîçðîáëåíà RAFT/ÌÀDIX ðàäèêàëüíà
áëîê-êîïîë³ìåðèçàö³ÿ ÀÊ ³ ÀÀ ç âèêîðèñòàííÿì ðåãó-
ëÿòîð³â ðîñòó ëàíöþã³â Rhodixan A1 òà éîãî á³ôóíêö³î-
íàëüíîãî ïîõ³äíîãî äàëà çìîãó îòðèìàòè çà ì’ÿêèõ ³
ñïðèÿòëèâèõ ç åêîëîã³÷íî¿ òî÷êè çîðó óìîâ äâ³ ñåð³¿
àñèìåòðè÷íèõ áëîê-êîïîë³ìåð³â çàäàíî¿ ÌÌ, ñêëàäó ³
ñòðóêòóðè ç õ³ì³÷íî êîìïëåìåíòàðíèìè êîìïîíåíòà-
ìè. Â îáîõ ñåð³ÿõ êîïîë³ìåð³â äîâæèíà ïîë³åëåêòðîë³ò-
íîãî áëîêó íå çì³íþâàëàñü, à äîâæèíà íå³îíîãåííèõ
áëîê³â âàð³þâàëàñü ó øèðîêèõ ìåæàõ.

Ïðîöåñè ì³öåëîóòâîðåííÿ îòðèìàíèõ áëîê-êîïîë³-
ìåð³â ó âîäíèõ ðîç÷èíàõ âèâ÷àëè çà äîïîìîãîþ ìåòî-
äó ñòàòèñòè÷íîãî ñâ³òëîðîçñ³þâàííÿ.  Íàÿâí³ñòü ì³öå-
ëÿðíèõ ñòðóêòóð ó âîäíèõ ðîç÷èíàõ ÄÁÊ ³ ÒÁÊ, ïðî ùî
ñâ³ä÷àòü ïîäàí³ íèæ÷å ðåçóëüòàòè (ðèñ. 4), º ïðÿìèì
ï³äòâåðäæåííÿì óòâîðåííÿ â ¿õ ìàêðîìîëåêóëàõ
²íòðàÏÊ [7, 8]. ßê âèäíî ç ðèñóíêà, â äîñë³äæåíèõ ðîç-
÷èíàõ çà Ñ>0,05 êã·ì-3 ñïîñòåð³ãàºòüñÿ ñòðèáêîïîä³áíå
çðîñòàííÿ ³íòåíñèâíîñò³ ñâ³òëîðîçñ³þâàííÿ, ùî âêàçóº
íà ð³çêèé ïåðåõ³ä ìàêðîìîëåêóë áëîê-êîïîë³ìåð³â â
àñîö³éîâàíèé (ì³öåëÿðíèé) ñòàí. Êîíöåíòðàö³ÿ, çà ÿêî¿
ïî÷èíàºòüñÿ öåé ïåðåõ³ä, ïîçíà÷àºòüñÿ ÿê êðèòè÷íà
êîíöåíòðàö³ÿ ì³öåëîóòâîðåííÿ (ÊÊÌ) [9]. Çíà÷åííÿ
ÊÊÌ, à òàêîæ ðîçðàõîâàí³ çà ñï³ââ³äíîøåííÿì:

Êîïîë³ìåð 
Òåîðåòè÷í³ çíà÷åííÿ çà ñêëàäîì ñóì³ø³ ÌwÄÁÊ(ÒÁÊ), 

êÄà ÌnÏÀÊ, 
êÄà 

ÌnÄÁÊ(ÒÁÊ), 
êÄà 

ÌnÏÀÀ, 
êÄà 

ÄÁÊ1 10,0 30,0 20,0 48,43 
ÄÁÊ2 10,0 50,0 40,0 100,20  
ÄÁÊ3 

 10,0 110,0 100,0 229,90 

ÒÁÊ1 10,0 30,0 10,0 51,25 
ÒÁÊ2 10,0 50,0 20,0 86,23 
ÒÁÊ3 10,0 110,0 50,0 214,90 

Òàáëèöÿ 1. Îñíîâí³ ìîëåêóëÿðí³ ïàðàìåòðè ÄÁÊ òà ÒÁÊ çà äàíèìè åêñêëþç³éíî¿ õðîìàòîãðàô³¿

12 13 14 15 16 17
×àñ óòðèìàííÿ, õâ.

3 1

4
2à

12 13 14 15 16 17
×àñ óòðèìàííÿ, õâ.

1

2
3

á

Ðèñ. 3. Õðîìàòîãpàìè âîäíèõ ðîç÷èí³â: ÄÁÊ1 –1à;
ÄÁÊ2 –2à; ÄÁÊ3 – 3à; ÄÁÊ4 –4à òà ÒÁÊ1 –1á; ÒÁÊ2 –2á
³ ÒÁÊ3 –3á

Êîïîë³ìåð ÊÊÌ·107, 
ìîëü·äì-3 

-∆G° , 
êÄæ·ìîëü-1 

ÄÁÊ1 20,65 32,43 
ÄÁÊ2 4,99 35,95 
ÄÁÊ3 4,35 36,29 
ÒÁÊ1 16,20 33,04 
ÒÁÊ2 11,60 33,86 
ÒÁÊ3 2,33 37,84 

Òàáëèöÿ 2. Òåðìîäèíàì³÷í³ ïàðàìåòðè ïðîöåñó
ì³öåëîóòâîðåííÿ ÄÁÊ ³ ÒÁÊ
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∆G°=RT·ln(ÊÊÌ) [2, 4, 5] ñòàíäàðí³ â³ëüí³ åíåðã³¿ ì³öå-
ëîóòâîðåííÿ Ã³ááñà ç³áðàí³ â òàáë. 2.

Çà äàíèìè òàáë. 2 â êîæíîìó ðÿäó áëîê-êîïîë³ìåð³â
ñïîñòåð³ãàºòüñÿ íåóõèëüíå çìåíøåííÿ ÊÊÌ ïðè çðîñ-
òàíí³ äîâæèíè áëîêó ÏÀÀ. Òîáòî, ïðîöåñ ì³öåëîóòâî-
ðåííÿ â³äáóâàºòüñÿ íàéá³ëüø ³íòåíñèâíî â ðîç÷èíàõ
áëîê-êîïîë³ìåð³â, ÿê³ ìàþòü íàéäîâø³ êîðîíîóòâîðþ-
þ÷³ áëîêè.  Â³ëüíà åíåðã³ÿ ì³öåëîóòâîðåííÿ çðîñòàº
ïðè  çá³ëüøåíí³ äîâæèíè ÏÀÀ áëîêó ³ ñâ³ä÷èòü ïðî
ï³äâèùåííÿ ñòàá³ëüíîñò³ ì³öåëÿðíèõ ñòðóêòóð.

ßê áóëî ïîêàçàíî íàìè ðàí³øå [7, 8], ïðîöåñ ì³öå-
ëîóòâîðåííÿ â ðîç÷èíàõ àñèìåòðè÷íèõ áëîê-êîïîë³-
ìåð³â ç õ³ì³÷íî êîìïëåìåíòàðíèìè êîìïîíåíòàìè, ÿê³
óòâîðþþòü êîîïåðàòèâíó ñèñòåìó íåêîâàëåíòíèõ
çâ’ÿçê³â (ñîëüîâèõ ÷è âîäíåâèõ), ðîçâèâàºòüñÿ çà ðàõó-
íîê ã³äðîôîá³çàö³¿ ä³ëÿíîê çâ’ÿçóâàííÿ êîìïîíåíò³â ³
ñåãðåãàö³¿ (ñàìîçá³ðêè) òàêèõ ä³ëÿíîê ó âîäíîìó ñåðå-
äîâèù³. Ã³äðîôîáíå “ÿäðî” óòâîðåíèõ ì³öåëÿðíèõ
ñòðóêòóð ì³ñòèòü çâ’ÿçàí³ ñåãìåíòè îáîõ êîìïîíåíò³â ³
òîìó º êîìïëåêñíèì, ó òîé ÷àñ ÿê ã³äðîô³ëüíà “êîðî-
íà” ì³öåë, ùî ñòàá³ë³çóþº âñþ ñòðóêòóðó, âêëþ÷àº ëèøå
íàäëèøêîâ³ (íåçâ’ÿçàí³) ñåãìåíòè äîâøèõ áëîê³â. Ó ñèí-
òåçîâàíèõ íàìè êîïîë³ìåðàõ ëàíöþãè ÏÀÊ ³ ÏÀÀ âçàº-
ìîä³þòü çà ðàõóíîê êîîïåðàòèâíî¿ ñèñòåìè âîäíåâèõ
çâ’ÿçê³â [10], òîìó ñàìå âîíè çóìîâëþþòü óòâîðåííÿ
²íòðàÏÊ ç ïîäàëüøèì ¿õ ñàìîçáèðàííÿì ó ì³öåëÿðí³
ñòðóêòóðè â ðîçáàâëåíèõ âîäíèõ ðîç÷èíàõ.

Ñë³ä çâåðíóòè óâàãó íà òå, ùî îáèäâà ðÿäè êîïîë³-
ìåð³â ÄÁÊ ³ ÒÁÊ ì³ñòÿòü â³äíîñíî êîðîòê³ áëîêè ÏÀÊ

ïîñò³éíî¿ äîâæèíè òà äîâø³ áëîêè ÏÀÀ çì³ííî¿ äîâ-
æèíè (òàáë. 1). Ó òàêèõ âèïàäêàõ ìîæíà î÷³êóâàòè ôîð-
ìóâàííÿ îäíàêîâèõ çà äîâæèíîþ ã³äðîôîáíèõ ä³ëÿíîê
çâ’ÿçóâàííÿ áëîê³â ÏÀÊ ³ ÏÀÀ, à îòæå,  îäíàêîâèõ çà
ðîçì³ðîì ã³äðîôîáíèõ “ÿäåð” ì³öåë àëå ç ð³çíîþ “êî-
ðîíîþ” [11]. Çàâäÿêè öüîìó ìîæíà îòðèìàòè ³íôîð-
ìàö³þ ïðî âïëèâ ðîçì³ðó “êîðîíè” íà ñòàá³ëüí³ñòü
ì³öåë. Àíàë³çóþ÷è ç òàêî¿ òî÷êè çîðó äàí³ òàáë. 2, ïðà-
âîì³ðíî çðîáèòè âèñíîâîê, ùî çðîñòàííÿ äîâæèíè
áëîê³â ÏÀÀ ó ñêëàä³ êîïîë³ìåð³â, ÿêå ïðèâîäèòü äî
çá³ëüøåííÿ ðîçì³ðó “êîðîíè” ì³öåë, â³ä³ãðàº êëþ÷îâó
ðîëü ùîäî ñòàá³ë³çàö³¿ ì³öåëÿðíèõ ñòðóêòóð ³ ïðîöåñ³â
ì³öåëîóòâîðåííÿ â ö³ëîìó.

Ðåàëüíó ìîðôîëîã³þ ì³öåë ÄÁÊ ³ ÒÁÊ ó âîäíîìó
ñåðåäîâèù³ çà ðÍ~3,6–4,0 â³äîáðàæàþòü äàí³ ÒÅÌ, ïî-
äàí³ íà ðèñ. 5 ³ â òàáë. 3. Ì³öåëÿðí³ ñòðóêòóðè äèáëîê-
êîïîë³ìåðó ÄÁÊ1 (ðèñ. 5à, á) õàðàêòåðèçóº ð³çíîìàí³ò-
òÿ ôîðì ³ ðîçì³ð³â, ïðè÷îìó ïîì³òíî, ùî íàéìåíø³
ì³öåëè çà ôîðìîþ áëèçüê³ äî ñôåðè÷íèõ, à âåëèê³ ì³öå-
ëè íå ñóö³ëüí³, à ìàþòü ôðàêòàëüíó ñòðóêòóðó, òîáòî
îá’ºäíóþòü ó ñâîºìó ñêëàä³ äåê³ëüêà ìàëèõ ì³öåë. Òàê³
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          Ðèñ. 4. Êîíöåíòðàö³éí³ çàëåæíîñò³ ³íòåíñèâíîñò³ ðîçñ³þâàííÿ âåðòèêàëüíî-ïîëÿðèçîâàíîãî ñâ³òëà (θ=90°,
λ=520 íì) ó âîäíèõ ðîç÷èíàõ: ÄÁÊ1 (à); ÄÁÊ2 (á); ÄÁÊ3 (â); ÒÁÊ1 (ã); ÒÁÊ2 (ä) òà ÒÁÊ3 (å). Ò=25 °Ñ

Êîïîë³ìåð Ðîçì³ðè ì³öåëÿðíèõ ñòðóêòóð, íì*    
Ïåðâèíí³ Àãðåãàòè “Ã³ëêè” 

ÄÁÊ1 4÷12 14÷148 24÷110 
ÄÁÊ2 4÷10 12÷290 20÷90 
ÒÁÊ1 4÷8 17÷390 36÷750 
ÒÁÊ3 6÷16 20÷550 62÷960 

Òàáëèöÿ 3. Õàðàêòåðèñòèêà ì³öåëÿðíèõ ñòðóêòóð
áëîê-êîïîë³ìåð³â çà äàíèìè ÒÅÌ
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Ïîäâ³éí³ ã³äðîô³ëüí³ áëîê-êîïîë³ìåðè íà îñíîâ³ ïîë³àêðèëàì³äó òà ïîë³àêðèëîâî¿ êèñëîòè

ñòðóêòóðè ìîæóòü âèíèêàòè òîä³, êîëè ìàë³ ì³öåëè (ÿê³
ìîæíà íàçâàòè ïåðâèííèìè) âçàºìîä³þòü ì³æ ñîáîþ
ñâî¿ìè “êîðîíàìè”. Ðîçì³ðè ì³öåë êîëèâàþòüñÿ ïåðå-
âàæíî â ìåæàõ â³ä 9 äî 109 íì, àëå â îêðåìèõ âèïàäêàõ,
ÿê íà ðèñ. 5á, ìîæóòü äîñÿãàòè ³ 290 íì. Àíàëîã³÷íó
êàðòèíó äåìîíñòðóº åëåêòðîííà ì³êðîôîòîãðàô³ÿ äëÿ
äèáëîê-êîïîë³ìåðó ÄÁÊ3 (ðèñ.  5â), àëå â öüîìó âèïàä-
êó ðîçì³ð ïåðâèííèõ ì³öåë äåùî á³ëüøèé ³ äîñÿãàº 14 íì.
Ìàñèìàëüíèé ðîçì³ð ì³öåëÿðíèõ ñòðóêòóð äëÿ öüîãî
çðàçêà êîïîë³ìåðó, ùî áóâ çàô³êñîâàíèé íà ö³é ì³êðî-
ôîòîãðàô³¿, ñòàíîâèòü 143 íì.

Çîâñ³ì ³íøà ñèòóàö³ÿ õàðàêòåðíà äëÿ ì³öåëÿðíèõ
ñòðóêòóð òðèáëîê-êîïîë³ìåð³â ÒÁÊ1 (ðèñ. 5ã–å) ³ ÒÁÊ3
(ðèñ. 5º–ç). Ä³éñíî, êð³ì ìàëèõ ì³öåë òà ¿õ ôðàêòàëüíèõ
àãðåãàò³â (ðèñ. 5ã, ä, º, æ), õàðàêòåðíèõ ³ äëÿ äèáëîê-
êîïîë³ìåð³â, ì³êðîôîòîãðàô³¿ òðèáëîê-êîïîë³ìåð³â

äåìîíñòðóþòü òàêîæ íåçâè÷àéí³ “ãîëêîïîä³áí³” ì³öå-
ëè òà ¿õ äèâîâèæí³ àãðåãàòè, ÿê³ ñï³â³ñíóþòü ïîðÿä ç á³ëüø
òðàäèö³éíèìè ì³öåëÿðíèìè ñòðóêòóðàìè (ðèñ. 5å, æ,
ç). Öåé ö³êàâèé ôàêò âêàçóº íà ³ñíóâàííÿ â äîñë³äæåíèõ
çðàçêàõ ÒÁÊÏÀÊ/ÏÀÀ äâîõ ìîðôîëîã³÷íèõ ôîðì ïåðâèí-
íèõ ì³öåë, ùî çóìîâëåíî ïðèíöèïîâîþ â³äì³íí³ñòþ
ìåõàí³çì³â ¿õ óòâîðåííÿ. Ïåðøà ôîðìà, ÿêà áëèçüêà äî
ñôåðè÷íî¿, óòâîðþºòüñÿ âíàñë³äîê ³íòðàìîëåêóëÿðíî¿
âçàºìîä³¿ áëîê³â ÏÀÊ ³ ÏÀÀ (óòâîðåííÿ ²íòðàÏÊ ó ìå-
æàõ îêðåìî¿ ìàêðîìîëåêóëè) òà ïîäàëüøîãî
ñàìîçáèðàííÿ äåê³ëüêîõ ²íòðàÏÊ. Äðóãà ôîðìà, ãîë-
êîïîä³áíà, º ðåçóëüòàòîì ïåðåâàæíî ³íòåðìîëåêóëÿð-
íî¿ âçàºìîä³¿ áëîê³â ÏÀÊ ³ ÏÀÀ, ÿê³ íàëåæàòü ð³çíèì
ìàêðîìîëåêóëàì òðèáëîê-êîïîë³ìåðó. Ïîäàí³ ì³êðî-
ôîòîãðàô³¿ òðèáëîê-êîïîë³ìåð³â äàþòü øèðîêèé ñïåêòð
ðîçì³ð³â ì³öåëÿðíèõ ñòðóêòóð. Çîêðåìà, äëÿ ÒÁÊ1

à á â

ã ä å
Ðèñ. 5. Åëåêòðîíí³ ì³êðîôîòîãðàô³¿ ì³öåëÿðíèõ ñòðóêòóð ÄÁÊ1 (à); ÄÁÊ3 (á); ÒÁÊ1 (â, ã) ³ ÒÁÊ3 (ä, å)
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ðîçì³ð ïåðâèííèõ ñôåðè÷íèõ ³ “ãîëêîïîä³áíèõ” ì³öåë
âèÿâèâñÿ 17 (ðèñ.  5ã) ³ 36 íì (ðèñ. 5å) â³äïîâ³äíî, â òîé
÷àñ ÿê ðîçì³ð ¿õ ôðàêòàëüíèõ àãðåãàò³â ì³ã äîñÿãàòè 390
(ðèñ. 5ä) ³ 750 íì (ðèñ. 5å) â³äïîâ³äíî. Ùîäî çðàçêà ÒÁÊ3,
ïåðâèíí³,“ãîëêîïîä³áí³” ì³öåëè ìàëè ðîçì³ð 10 (ðèñ.  5º)
³ 62 íì (ðèñ. 5ç) â³äïîâ³äíî, à ìàêñèìàëüíèé ðîçì³ð
àãðåãàò³â äîñÿãàâ 550 (ðèñ. 5º) ³ 960 íì (ðèñ. 5ç) â³äïî-
â³äíî.
Âèñíîâêè.

Ðîçðîáëåíî ìåòîäîëîã³þ òà çä³éñíåíî çà ì’ÿêèõ
óìîâ êåðîâàíèé ðàäèêàëüíèé ñèíòåç àñèìåòðè÷íèõ
áëîê-êîïîë³ìåð³â ÏÀÊ-b-ÏÀÀ ³ ÏÀÀ-b-ÏÀÊ-b-ÏÀÀ íà
îñíîâ³ ïîë³àêðèëîâî¿ êèñëîòè òà ïîë³àêðèëàì³äó çà ìå-
õàí³çìîì RAFT/MADIX. Äîâåäåíî âèñîêèé ð³âåíü êå-
ðîâàíîñò³ ÌÌ îáîõ áëîê³â ³ âóçüêèé ÌÌÐ îòðèìàíèõ
àñèìåòðè÷íèõ äè- òà òðèáëîê-êîïîë³ìåð³â ç ïîñò³éíîþ
ÌÌ áëîê³â ÏÀÊ òà çì³ííîþ ÌÌ áëîê³â ÏÀÀ.

 Àñèìåòðè÷í³ äèáëîê- ³ òðèáëîê-êîïîë³ìåðè, ùî
ì³ñòÿòü áëîêè ÏÀÊ ïîñò³éíî¿ äîâæèíè ëàíöþãà òà

áëîêè ÏÀÀ ç³ çì³ííîþ ëàíöþãîâîþ äîâæèíîþ, óòâî-
ðþþòü ó âîäíîìó ñåðåäîâèù³ ì³öåëè, ÿê³ ìàþòü â³äíîñ-
íî ìàëå ã³äðîôîáíå “ÿäðî”, ñôîðìîâàíå ä³ëÿíêàìè çâ’ÿ-
çóâàííÿ áëîê³â ÏÀÊ ³ ÏÀÀ, ³ ðîçâèíóòîþ “êîðîíîþ”,
ÿêó óòâîðþþòü çàëèøêîâ³ (íå çâ’ÿçàí³) ñåãìåíòè ÏÀÀ.
Ñòàá³ëüí³ñòü òàêèõ ì³öåë çðîñòàº ç³ çá³ëüøåííÿì äîâ-
æèíè êîðîíîóòâîðþþ÷èõ ÏÀÀ áëîê³â ³ çìåíøåííÿì
ðÍ ðîç÷èíó.

Âñòàíîâëåíî, ùî ó âîäíèõ ðîç÷èíàõ çà ðÍ= 3,6–4,0
äèáëîê-êîïîë³ìåðè ÏÀÊ-b-ÏÀÀ óòâîðþþòü ñôåðè÷í³
ì³öåëè (9–14 íì) òà ¿õ ôðàêòàëüí³ àãðåãàòè. Ðàçîì ç òèì,
ó ðîç÷èíàõ òðèáëîê-êîïîë³ìåð³â ÏÀÀ-b-ÏÀÊ-b-ÏÀÀ
êð³ì ñôåðè÷íèõ ì³öåë (10–17 íì) âèÿâëåí³ íåçâè÷àéí³
“ãîëêîïîä³áí³” ì³öåëè òà ¿õ àãðåãàòè ÿê ðåçóëüòàò ³íòåð-
ìîëåêóëÿðíî¿ âçàºìîä³¿ õ³ì³÷íî êîìïëåìåíòàðíèõ
áëîê³â. Â îáîõ ðÿäàõ êîïîë³ìåð³â ñòàá³ëüí³ñòü ì³öåë ó
âîäíîìó ñåðåäîâèù³ çðîñòàº ïðè ïîäîâæåíí³ áëîê³â
ÏÀÀ.
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Îïèñàíà ìåòîäîëîãèÿ ïðîâåäåíèÿ óïðàâëÿåìîé ðàäèêàëüíîé áëîê-ñîïîëèìåðèçàöèè àêðèëîâîé
êèñëîòû ñ àêðèëàìèäîì ïî ìåõàíèçìó RAFT/MADIX äëÿ ïîëó÷åíèÿ äè- è òðèáëîê-ñîïîëèìåðîâ
çàäàííîé àðõèòåêòóðû. Ñèíòåçèðîâàíû äâå ñåðèè àññèìåòðè÷íûõ áëîê-ñîïîëèìåðîâ ÏÀÊ-b-
ÏÀÀ ³ ÏÀÀ-b-ÏÀÊ-b-ÏÀÀ ñ ïîñòîÿííîé äëèíîé áëîêà ÏÀÊ (~10 êÄà) è ïåðåìåííîé äëèíîé
íåèîíîãåííûõ áëîêîâ. Èññëåäîâàíû îñîáåííîñòè ìîðôîëîãèè ïîëó÷åííûõ áëîê-ñîïîëèìåðîâ è
èçó÷åíû ïðîöåññû èõ ìèöåëëîîáðàçîâàíèÿ â âîäíûõ ðàñòâîðàõ. Ïîêàçàíî, ÷òî óâåëè÷åíèå äëèíû
áëîêîâ ÏÀÀ â ñîñòàâå ñîïîëèìåðîâ, êîòîðîå ïðèâîäèò ê âîçðàñòàíèþ ðàçìåðîâ “êîðîíû” ìèöåëë,
èãðàåò ïîçèòèâíóþ ðîëü â ïðîöåññå ñòàáèëèçàöèè ìèöåëëÿðíûõ ñòðóêòóð. Óñòàíîâëåíî íàëè÷èå
â èññëåäîâàííûõ îáðàçöàõ òðèáëîê-ñîïîëèìåðîâ äâóõ ìîðôîëîãè÷åñêèõ ôîðì ïåðâè÷íèõ ìèöåëë,
÷òî îáóñëîâëåíî ïðèíöèïèàëüíî ðàçíûì ìåõàíèçìîì èõ îáðàçîâàíèÿ.

Êëþ÷åâûå ñëîâà: ïîëèàêðèëàìèä, ïîëèàêðèëîâàÿ êèñëîòà, ìèöåëëÿðíûå êîìïîçèöèè, “ïñåâäîæèâàÿ”
ðàäèêàëüíàÿ ïîëèìåðèçàöèÿ.
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Double hydrophilic block copolymers containing poyacrylamide and polyacrilic
acid
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The synthesis of block copolymers with incompatible hydrophilic and hydrophobic blocks is one of
the traditional approaches for creation of nanocontainers and nanoreactors. Opposing to this,
amphiphilic block copolymers of another type are being developed in the Macromolecular Chemistry
Department of Taras Shevchenko National University of Kyiv. They consist of hydrophilic blocks
which are capable to cooperative interactions and form intramolecular polycomplexes (IntraPC).
One of the perspective directions of IntraPC application is development of nanocontainers for target
drugs delivery. So to use block copolymers forming IntraPC in nanotechnologies their synthesis
techniques should be improved. This is necessary for obtaining strictly controlled molecular mass and
molecular architecture. The “living” radical technique being developed for the late years makes it
possible to obtain block copolymers with required molecular weight of blocks and narrow chain-
length distribution. Reversible addition/fragmentation chain transfer (RAFT) and macromolecular
design via the interchange of xanthates (MADIX) can be called as one of the most original and
perspective types of «living» radical process. In the present work two series of asymmetric diblock
copolymers PAAc-b-PAAm (DBC) and thriblock copolymers PAAm-b-PAAc-b-PAAm (TBC) consisting
of PAAc blocks of constant block length (~10 kDà) and PAAm blocks with variable chain length were
obtained using RAFT/MADIX technique. The morphology of the obtained block copolymers and the
processes of their micelle formation in aqueous solutions were studied. It was shown that of PAA
blocks which are “corona”-forming blocks, play the key role in the process of micelle formation and
respond for the micelles stability. The existence of two morphological types of primary micelles which
could be stipulated by the difference mechanism of their formation was found. The reasons for a
simultaneous coexistence of different morphological types are discussed.

Key words: polyacrylamide, polyacrilic acid, micellar compositions, controled-living radical polymerization.


