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Äëÿ êîëè÷åñòâåííîãî îïèñàíèÿ ïðîöåññà âûñâîáîæäåíèÿ íèòðîêñèëüíîãî çîíäà
èç ïëåíîê ïîëè-D,L-ëàêòèäà (PDLLA) â ôîñôàòíûé áóôåðíûé ðàñòâîð âïåðâûå
ñîâìåñòíî èñïîëüçîâàíû ìåòîäû îïòè÷åñêîé ñïåêòðîñêîïèè è ñïåêòðîñêîïèè ÝÏÐ.
Áèôóíêöèîíàëüíûé çîíä 2,2,5,5-òåòðàìåòèë-4-ôåíèë-3-èìèäàçîëèí-1-îêñèë-3-
îêñèä (IMNO) âêëþ÷àåò â ñåáÿ ïàðàìàãíèòíûé íèòðîêñèëüíûé ôðàãìåíò è îá-
ëàäàåò âûñîêèì êîýôôèöèåíòîì ýêñòèíêöèè â ÓÔ-îáëàñòè ñïåêòðà. Ïîëèìåðíûå
ïëåíêè áûëè ïîëó÷åíû èç ïîðèñòûõ ìàòðèêñîâ íà îñíîâå PDLLA, ñôîðìèðîâàí-
íûõ è äîïèðîâàííûõ IMNO â ñðåäå ñâåðõêðèòè÷åñêîãî CO2 (ÑÊ-ÑÎ2). Ïîêàçàíà
ïåðñïåêòèâà ñîâìåñòíîãî èñïîëüçîâàíèÿ óêàçàííûõ ìåòîäîâ äëÿ ïîëó÷åíèÿ áîëåå
ïîäðîáíîé èíôîðìàöèè î ïðîöåññàõ âûñâîáîæäåíèÿ çîíäîâ èç ïëåíîê PDLLA,
äëèòåëüíîñòü êîòîðûõ íå ïðåâûøàåò 3-õ íåäåëü.

Ê ë þ ÷ å â û å  ñ ë î â à: ñâåðõêðèòè÷åñêèé äèîêñèä óãëåðîäà, ñïåêòðîñêîïèÿ ýëåêòðîí-
íîãî ïàðàìàãíèòíîãî ðåçîíàíñà, îïòè÷åñêàÿ ñïåêòðîñêîïèÿ, PDLLA, ñïèíîâûé çîíä
2,2,5,5-òåòðàìåòèë-4-ôåíèë-3-èìèäàçîëèí-1-îêñèë-3-îêñèä.

ÂÂÅÄÅÍÈÅ

Íàñòîÿùàÿ ðàáîòà ÿâëÿåòñÿ ïðîäîëæåíèåì èññëåäîâàíèé, ïîñâÿùåííûõ
äèàãíîñòèêå ìåòîäîì ÝÏÐ ïîëèìåðíûõ ñèñòåì è ìàòåðèàëîâ, ïîëó÷àåìûõ ñ
èñïîëüçîâàíèåì ñâåðõêðèòè÷åñêèõ ôëþèäíûõ (ÑÊÔ) òåõíîëîãèé. Ñïåêòðîñêî-
ïèÿ ÝÏÐ ïîçâîëÿåò íàáëþäàòü êàê çà âûñâîáîæäåíèåì èíêàïñóëèðîâàííûõ
ïàðàìàãíèòíûõ ìîëåêóë, òàê è çà èçìåíåíèÿìè, ïðîòåêàþùèìè âî âíóòðåííåé
ñòðóêòóðå ïîëèìåðà â ïðîöåññå åãî íàáóõàíèÿ è ãèäðîëèçà [1—4]. Â ðàáîòå [5]
áûëè îïðåäåëåíû îïòèìàëüíûå ïàðàìåòðû ïðîöåññà îäíîâðåìåííîãî âñïåíè-
âàíèÿ è èìïðåãíàöèè PDLLA â ñðåäå ÑÊ-ÑÎ2 äëÿ ñîçäàíèÿ ïåðñïåêòèâíûõ
ìåäèöèíñêèõ ìàòåðèàëîâ, äîïèðîâàííûõ áèîëîãè÷åñêè àêòèâíûìè âåùåñòâàìè.
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Êèíåòèêà âûñâîáîæäåíèÿ áèôóíêöèîíàëüíîãî çîíäà IMNO
èç ïëåíîê PDLLA, ñôîðìèðîâàííûõ ñ èñïîëüçîâàíèåì ñâåðõêðèòè÷åñêîãî äèîêñèäà óãëåðîäà

Â [6] áûëè ïîëó÷åíû êèíåòè÷åñêèå êðèâûå âûñâîáîæäåíèÿ íèòðîêñèëüíîãî
ðàäèêàëà TEMPONE (2,2,6,6-òåòðàìåòèë-4-îêñî-ïèïåðèäèí-1-îêñèë) èç âñïå-
íåííîãî â ÑÊ-ÑÎ2 PDLLA. Â ðàáîòàõ [1, 7] íàìè áûëà âûÿâëåíà ïîòåðÿ ïàðàìàã-
íåòèçìà â ñèñòåìàõ «íàáóõøèé PDLLA — íèòðîêñèëüíûé ðàäèêàë (ATI/
TEMPONE)». Ýòî ÿâëåíèå áûëî îáúÿñíåíî óìåíüøåíèåì ñîäåðæàíèÿ ïàðà-
ìàãíèòíûõ ìîëåêóë âíóòðè ïîëèìåðíîé ìàòðèöû. Ñòðîåíèå íèòðîêñèëüíîãî
ðàäèêàëà ATI ïðèâåäåíî íà ðèñ. 1.

Ãèáåëü íèòðîêñèëüíûõ ðàäèêàëîâ ïðîòåêàåò â ðåçóëüòàòå êàòàëèçèðóåìî-
ãî êèñëîòàìè äèñïðîïîðöèîíèðîâàíèÿ îëèãîìåðîâ ìîëî÷íîé êèñëîòû,
îáðàçóþùèõñÿ â ïîðàõ ïîëèìåðà â ðåçóëüòàòå ãèäðîëèçà ïîëèëàêòèäà [8].
Ïîêàçàíî, ÷òî èñïîëüçîâàíèå ìåòîäà ñïèíîâîãî çîíäà íå âñåãäà ìîæåò äàòü
èñ÷åðïûâàþùóþ èíôîðìàöèþ î êèíåòè÷åñêèõ çàêîíîìåðíîñòÿõ âûñâîáîæ-
äåíèÿ íèçêîìîëåêóëÿðíûõ âåùåñòâ èç ìàòðèêñîâ íà îñíîâå àëèôàòè÷åñêèõ
ïîëèýôèðîâ.

Â òî æå âðåìÿ ðÿä íèòðîêñèëüíûõ ðàäèêàëîâ õàðàêòåðèçóåòñÿ âûñîêèì
êîýôôèöèåíòîì ýêñòèíêöèè â áëèæíåé ÓÔ-îáëàñòè ñïåêòðà [9], ïîýòîìó
äëÿ ðåãèñòðàöèè êèíåòèêè âûñâîáîæäåíèÿ ïîäîáíûõ âåùåñòâ èç ïîëèìåð-
íûõ ïëåíîê â áóôåðíûé ðàñòâîð ìîæíî èñïîëüçîâàòü ìåòîä îïòè÷åñêîé
ñïåêòðîñêîïèè. Ïðè ýòîì ñ ïîìîùüþ ñïåêòðîñêîïèè ÝÏÐ ìîæíî íàáëþäàòü
çà èçìåíåíèÿìè ñòðóêòóðû ïîëèìåðíîé ìàòðèöû â õîäå åå íàáóõàíèÿ è
ãèäðîëèçà.

Â íàñòîÿùåé ðàáîòå âïåðâûå ñîâìåñòíî ïðèìåíåíû ìåòîäû îïòè÷åñêîé
ñïåêòðîñêîïèè è ñïåêòðîñêîïèè ÝÏÐ äëÿ êîëè÷åñòâåííîãî îïèñàíèÿ
ïðîöåññà âûñâîáîæäåíèÿ áèôóíêöèîíàëüíîãî çîíäà èç ïëåíîê PDLLA,
ïîëó÷åííûõ ïðè ïîìîùè ÑÊÔ-òåõíîëîãèé, â ôîñôàòíûé áóôåðíûé ðà-
ñòâîð (PBS). Èìïðåãíàöèÿ ïîëèìåðîâ â ñðåäå ÑÊ-ÑÎ2 ÿâëÿåòñÿ ïåðñïåê-
òèâíûì ñïîñîáîì ïîëó÷åíèÿ ñîâðåìåííûõ ìàòåðèàëîâ ìåäèöèíñêîãî íà-
çíà÷åíèÿ [10—12]. Ïîëèìåðíûå ïëåíêè óäîáíû äëÿ èññëåäîâàíèÿ ìåòîäîì
ÝÏÐ è ìîãóò ïðèìåíÿòüñÿ â êà÷åñòâå ðàíåâûõ ïîêðûòèé [13]. Â êà÷åñòâå
áèôóíêöèîíàëüíîãî çîíäà áûë âûáðàí ðàäèêàë IMNO, ñòðîåíèå êîòîðî-
ãî ïðèâåäåíî íà ðèñ. 2. Îí èìååò ïîëîñó ïîãëîùåíèÿ ñ ìàêñèìóìîì ïðè
äëèíå âîëíû 290 íì (êîýôôèöèåíò ýêñòèíêöèè â àöåòîíèòðèëå ñîñòàâëÿåò
11600 ë/(ìîëü  ñì) [9]); ïðè ýòîì ïîëîñà ïîãëîùåíèÿ IMNO ïðàêòè÷åñêè
íå ïåðåêðûâàåòñÿ ñî ñïåêòðîì ïîãëîùåíèÿ ðàñòâîðà PDLLA â àöåòîíèòðèëå.
Ïàðàìåòðû ïðîâåäåíèÿ ïðîöåññà âûñâîáîæäåíèÿ IMNO èç ïîëèìåðíûõ
ïëåíîê áûëè àíàëîãè÷íû óñëîâèÿì, ïîäðîáíî îïèñàííûì è îáîñíîâàí-
íûì â ðàáîòå [7].

Ðèñ. 1. Ñòðîåíèå íèòðîêñèëüíîãî
ðàäèêàëà ATI

Ðèñ. 2. Ñòðîåíèå 2,2,5,5-òåòðàìåòèë-4-ôåíèë-3-
èìèäàçîëèí-1-îêñèë-3-îêñèäà (IMNO)
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Ïîëè-D,L-ëàêòèä (PDLLA) (PURASORB®PDL 04, ìîëåêóëÿðíàÿ ìàññà
45 êã/ìîëü, òåìïåðàòóðà ñòåêëîâàíèÿ 52 C) êîìïàíèè PuracBiochem áûë
ëþáåçíî ïðåäîñòàâëåí Ï.Ñ. Òèìàøåâûì (Èíñòèòóò ðåãåíåðàòèâíîé ìåäè-
öèíû àêàäåìèè èì. È.Ì. Ñå÷åíîâà). Ñòàáèëüíûé íèòðîêñèëüíûé ðàäèêàë
2,2,5,5-òåòðàìåòèë-4-ôåíèë-3-èìèäàçîëèí-1-îêñèë-3-îêñèä (IMNO) (ðèñ. 2)
áûë ïðåäîñòàâëåí Â.Ä. Ñåíåì (Èíñòèòóò ïðèêëàäíîé õèìè÷åñêîé ôèçèêè
ÐÀÍ, ÈÏÕÔ, ã. ×åðíîãîëîâêà). Èñïîëüçîâàëè äèîêñèä óãëåðîäà ìàðêè î. ñ. ÷.
(99,998 %, NIIKM Ltd., Ðîññèÿ). Àöåòîíèòðèë ìàðêè õ. ÷. äîïîëíèòåëüíî î÷è-
ùàëè äèñòèëëÿöèåé. Â êà÷åñòâå ñðåäû äëÿ âûñâîáîæäåíèÿ ñïèíîâîãî çîíäà èç
ìàòðèêñà ïðèìåíÿëè ôîñôàòíûé áóôåðíûé ðàñòâîð (PBS) (pH7,4) («Ïó-
ùèíñêèå ëàáîðàòîðèè»).

PDLLA èìïðåãíèðîâàëè IMNO ïî ìåòîäèêå [6] ñ èñïîëüçîâàíèåì ÑÊÔ
ìèíè-ëàáîðàòîðèè, ðàçðàáîòàííîé â ÔÍÈÖ «Êðèñòàëëîãðàôèÿ è Ôîòîíè-
êà» ÐÀÍ [14]. Â êà÷åñòâå ðàñòâîðèòåëÿ èñïîëüçîâàëè ÑÊ-ÑÎ2. Ïîëó÷åííûå
ïîðèñòûå ïîëèìåðíûå ìàòðèêñû, äîïèðîâàííûå IMNO, èçìåëü÷àëè â íîæå-
âîé ìåëüíèöå, ïðîñåèâàëè ÷åðåç ñèòî ñ ðàçìåðîì ÿ÷ååê 100 ìêì è äàëåå ñ
èñïîëüçîâàíèåì îáîðóäîâàíèÿ Specac Atlas Manual Hydraulic Press (25 ò)
ïðåññîâàëè ïðè 60  Ñ ïîä äàâëåíèåì 2 ò/ñì2 â òå÷åíèå 30 ñ. ×àñòèöû èìåëè
øèðîêîå ðàñïðåäåëåíèå ïî ðàçìåðàì, ðàçìåð ïðåîáëàäàþùåé ôðàêöèè 40—
60 ìêì (48 %). Äëÿ ñîçäàíèÿ ïëåíêè òîëùèíîé 200—240 ìêì èñïîëüçîâàëè
0,30—0,35 ã ïîðîøêà. Îáðàçöû ïëåíêè âåñîì 0,05—0,06 ã, ïðåäñòàâëÿþùèå
ñîáîé ïðÿìîóãîëüíèêè äëèíîé 5—10 ìì è øèðèíîé 2—3 ìì, âûäåðæèâàëè â
2,0—2,5 ã PBS â øåéêåðå-èíêóáàòîðå ES-20 (Biosan, Ëàòâèÿ) ïðè 37 Ñ. Äëÿ
ïðåäîòâðàùåíèÿ çàêèñëåíèÿ ñðåäû ïðîäóêòàìè ãèäðîëèçà PDLLA [8, 15—18]
ïðîâîäèëè ðåãóëÿðíóþ çàìåíó áóôåðíîãî ðàñòâîðà ÷åðåç 1—2 ñóòîê. Êèíåòè÷å-
ñêèå çàêîíîìåðíîñòè âûñâîáîæäåíèÿ ðàäèêàëîâ óñòàíàâëèâàëè, îòáèðàÿ ïðî-
áû ðàñòâîðà ìàññîé îêîëî 2—4 ìã è ðåãèñòðèðóÿ èõ ñïåêòðû ÝÏÐ. Êîëè÷åñòâî
ïàðàìàãíèòíîãî âåùåñòâà â ïðîáå îïðåäåëÿëè ïóòåì äâîéíîãî èíòåãðèðîâàíèÿ
ñïåêòðà, ãäå â êà÷åñòâå ñòàíäàðòà èñïîëüçîâàëè òàáëåòêó àëàíèíà ñ èçâåñòíûì
ñîäåðæàíèåì ïàðàìàãíèòíûõ öåíòðîâ [19]. Îöåíêó óñòîé÷èâîñòè íèòðîêñèëüíûõ
ðàäèêàëîâ â ïîëèìåðíûõ ïëåíêàõ, ïîìåùåííûõ â PBS, ïðîâîäèëè äëÿ èçâëå-
÷åííûõ èç æèäêîñòè è âûñóøåííûõ îáðàçöîâ ðåãèñòðàöèåé ñïåêòðîâ ÝÏÐ è
îïðåäåëåíèåì ñîäåðæàíèÿ ðàäèêàëà â ïëåíêå. Çàòåì ïëåíêó ðàñòâîðÿëè â àöå-
òîíèòðèëå ìàññîé 1,6—1,7 ã â êâàðöåâîé êþâåòå øèðèíîé 1 ñì è îïðåäåëÿëè
êîëè÷åñòâî IMNO ñïåêòðîôîòîìåòðè÷åñêè [9] ïî âåëè÷èíå îïòè÷åñêîé ïëîò-
íîñòè ïðè äëèíå âîëíû 290 íì íà ñïåêòðîôîòîìåòðå Specord M-40.

ÝÏÐ-ñïåêòðû îáðàçöîâ ðåãèñòðèðîâàëè ïðè ïîìîùè ðàäèîñïåêòðîìåò-
ðà X-äèàïàçîíà Bruker EMX 500 Plus ïðè êîìíàòíîé òåìïåðàòóðå. Ðåãèñòðà-
öèþ ñïåêòðîâ ïðîâîäèëè ïðè çíà÷åíèÿõ ìîùíîñòè ìèêðîâîëíîâîãî èçëó-
÷åíèÿ, íå ïðèâîäÿùèõ ê íàñûùåíèþ ñèãíàëà. Îáðàçöû ïîëèìåðíûõ ïëåíîê è
ïîðèñòûõ ìàòðèêñîâ ïîìåùàëè â êâàðöåâûå àìïóëû ñ âíóòðåííèì äèàìåòðîì
3—4 ìì. Âûñîòà îáðàçöîâ ñîñòàâëÿëà  5—10 ìì, ÷òî ñîîòâåòñòâóåò ãåîìåòðè-
÷åñêèì ïàðàìåòðàì ñòàíäàðòà, èñïîëüçóåìîãî äëÿ êàëèáðîâêè ñïåêòðîìåòðà.
Ïåðåä ðåãèñòðàöèåé ñïåêòðîâ îáðàçöû âçâåøèâàëè íà àíàëèòè÷åñêèõ âåñàõ
ñ òî÷íîñòüþ 2 10 4 ã. Ñïåêòðû âîäíûõ ðàñòâîðîâ ðàäèêàëîâ ðåãèñòðèðîâà-
ëè â ñòåêëÿííûõ êàïèëëÿðàõ äèàìåòðîì 1,0—1,6 ìì, âûñîòà îáðàçöîâ íå
ïðåâûøàëà 5 ìì.
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ÐÅÇÓËÜÒÀÒÛ È ÈÕ ÎÁÑÓÆÄÅÍÈÅ

Ñîãëàñíî äàííûì ÝÏÐ â òå÷åíèå 7 ñóòîê íàáëþäàåòñÿ âûñâîáîæäåíèå 7 %
IMNO èç ïîëèìåðíîé ïëåíêè â PBS; â äàëüíåéøåì ðàäèêàëû âî âíåøíåì
ðàñòâîðå íå ôèêñèðóþòñÿ. Ñíèæåíèå ñêîðîñòè âûõîäà ìîëåêóë äîïàíòà èç
ìàòðèö íà îñíîâå PDLLA âî âíåøíþþ ñðåäó õîðîøî èçâåñòíî [1, 20—23]. Â
òî æå âðåìÿ â òå÷åíèå 90 ñóòîê, êîãäà âûñâîáîæäåíèå ïàðàìàãíèòíîãî âåùå-
ñòâà èç ïîëèìåðíîé ïëåíêè óæå íå íàáëþäàåòñÿ, ïðîèñõîäèò çíà÷èòåëüíîå
óìåíüøåíèå åãî êîëè÷åñòâà âíóòðè ïëåíêè (ðèñ. 3). ×åðåç 90 ñóòîê ðàäèêàë
IMNO â ïëåíêå íå ôèêñèðóåòñÿ.

Ïðè÷èíîé ïîòåðè ïàðàìàãíåòèçìà âíóòðè ïëåíêè PDLLA, âûäåðæàííîé
â PBS, ïî-âèäèìîìó ÿâëÿåòñÿ äèñïðîïîðöèîíèðîâàíèå IMNO [8], ïðî-
èñõîäÿùåå â êèñëîé ñðåäå, îáðàçîâàííîé êàðáîêñèëüíûìè ãðóïïàìè ãèäðî-
ëèçîâàííîãî ïîëèìåðà. Äëÿ ïðîâåðêè ãèïîòåçû î ãèáåëè ïàðàìàãíèòíûõ
ñîåäèíåíèé â ðåçóëüòàòå çàêèñëåíèÿ âíóòðåííèõ îáëàñòåé ïîëèìåðà áûëà
èññëåäîâàíà ñòàáèëüíîñòü IMNO â âîäíîì ðàñòâîðå ñîëÿíîé êèñëîòû (pH  1).
Áûëî ïîêàçàíî, ÷òî íèòðîêñèëüíûé ðàäèêàë, äåéñòâèòåëüíî, ãèáíåò â êèñ-
ëîé ñðåäå (ðèñ. 4).

Ïîñêîëüêó ïàðàìàãíèòíûé íèòðîêñèëüíûé ôðàãìåíò îáëàäàåò íåâûñîêîé
óñòîé÷èâîñòüþ â çàêèñëåííîé ñðåäå âíóòðè íàáóõøåãî PDLLA, â ðàáîòå áûë
èñïîëüçîâàí âòîðîé, íåçàâèñèìûé ìåòîä èññëåäîâàíèÿ — îïòè÷åñêàÿ ñïåêò-
ðîñêîïèÿ. Äàííûå ñïåêòðîôîòîìåòðèè ñâèäåòåëüñòâóþò î òîì, ÷òî âíóòðè
íàáóõøåãî ïîëèìåðà ïðîèñõîäèò óìåíüøåíèå èíòåíñèâíîñòè ïîãëîùåíèÿ
IMNO â òî âðåìÿ, êîãäà åãî âûñâîáîæäåíèå âî âíåøíèé ðàñòâîð íå íàáëþäàåòñÿ
(ðèñ. 5à). Âîçìîæíî, ÷òî ïðè÷èíîé íàáëþäàåìîãî óìåíüøåíèÿ ïîãëîùåíèÿ
ÿâëÿåòñÿ ñåðèÿ ïîñëåäîâàòåëüíûõ ðåàêöèé (äèñïðîïîðöèîíèðîâàíèå è ðàñ-
ùåïëåíèå öèêëà ñ îáðàçîâàíèåì àöåòîêñèìà, áåíçîéíîé êèñëîòû è -ãèäðî-
êñèëàìèíîêåòîíà, ïðîòåêàþùèõ â êèñëîé ñðåäå [24]). Äëÿ ïðîâåðêè ýòîé ãè-
ïîòåçû áûë ïðîâåäåíî îïðåäåëåíèå êèíåòèêè èçìåíåíèÿ îïòè÷åñêîé
ïëîòíîñòè ðàñòâîðà IMNO â ñîëÿíîé êèñëîòå ñ pH  3 (ðèñ. 5á). Äåéñòâèòåëü-
íî, â ýòîé ñðåäå â èíòåðâàëå äëèí âîëí 250—350 íì íàáëþäàåòñÿ ñíèæåíèå
îáùåé èíòåíñèâíîñòè ïîãëîùåíèÿ è èçìåíåíèå ôîðìû ëèíèé ñïåêòðà.

Ðèñ. 3. Êèíåòè÷åñêàÿ êðèâàÿ ãèáåëè ðàäè-
êàëà IMNO â ïîëèìåðíîé ïëåíêå PDLLA,

ïîìåùåííîé â PBS

Ðèñ. 4. Êèíåòèêà ãèáåëè ðàäèêàëà IMNO
â âîäíîì ðàñòâîðå ñîëÿíîé  êèñëîòû

(pH  1)
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Âðåìåííàÿ çàâèñèìîñòü êîëè÷åñòâà IMNO â íàáóõøèõ ïëåíêàõ èç PDLLA,
çàðåãèñòðèðîâàííàÿ ìåòîäàìè ÝÏÐ è îïòè÷åñêîé ñïåêòðîñêîïèè,
ïðåäñòàâëåíà íà ðèñ. 6. Âèäíî, ÷òî óñòîé÷èâîñòü ôðàãìåíòà, îòâå÷àþùåãî çà
îïòè÷åñêèé ïåðåõîä, â êèñëîé ñðåäå çíà÷èòåëüíî âûøå, ÷åì óñòîé÷èâîñòü
íèòðîêñèëüíîãî ôðàãìåíòà. Òàê, â òå÷åíèå 20 ñóòîê èíòåíñèâíîñòü îïòè-
÷åñêîãî ïåðåõîäà óìåíüøàåòñÿ íà 10 %, ïðè ýòîì ïàðàìàãíèòíûé ôðàã-
ìåíò ãèáíåò íà 40 %. Äàëåå çàìåòíîé ðàçíèöû â ñêîðîñòè ãèáåëè ïàðàìàã-
íèòíîãî ôðàãìåíòà è ôðàãìåíòà, îòâå÷àþùåãî çà îïòè÷åñêèé ïåðåõîä, íå
íàáëþäàåòñÿ. Òàêèì îáðàçîì, çîíä IMNO ìîæåò áûòü ââåäåí â ïîëèìåðíóþ
ìàòðèöó ñ ïîìîùüþ ÑÊ-CO2 è èñïîëüçîâàí â äàëüíåéøåì äëÿ ñïåêòðî-
ôîòîìåòðè÷åñêîé ðåãèñòðàöèè êèíåòèêè âûñâîáîæäåíèÿ äîïàíòà èç ìàò-
ðèöû PDLLA â ýêñïåðèìåíòàõ, äëèòåëüíîñòü êîòîðûõ íå ïðåâûøàåò 3-õ
íåäåëü.

Ðèñ. 5. Êèíåòèêà èçìåíåíèÿ îïòè÷åñêèõ ñïåêòðîâ ðàñòâîðîâ IMNO â ðàçíûõ îáðàçöàõ
ïðè ðàçëè÷íîì âðåìåíè âûäåðæèâàíèÿ ïîëèìåðíîé ïëåíêè â PBS, ñóò:

à — ðàñòâîðåíèå íàáóõøèõ ïëåíîê èç PDLLA, äîïèðîâàííûõ IMNO, â àöåòîíèòðèëå: 1 — 0; 2 — 28;
3 — 45; á — ðàñòâîðåíèå IMNO â ñîëÿíîêèñëîì ðàñòâîðå (pH  3): 1 — 1; 2 — 5; 3 — 10; 4 — 23;

5 — 29

Ðèñ. 6. Êèíåòèêà ãèáåëè ðàäèêàëà IMNO â íàáóõøèõ ïëåíêàõ PDLLA ïî äàííûì ìåòî-
äîâ ÝÏÐ ( ) è îïòè÷åñêîé ñïåêòðîñêîïèè ( )

à á
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OF SUPERCRITICAL CARBON DIOXIDE

Ivanova T.A. — M.V. Lomonosov Moscow State University, Department of Chemistry,
Moscow, Russia.ORCID 0000-0001-6568-7649. E-mail: tatianaivanovamsu@gmail.com
(for correspondence)
Chumakova N.A. — Federal Research Center of Chemical Physics N.N. Semenov
RAS, Moscow, Russia 0000-0002-3058-2254 .
Golubeva E.N. — M.V. Lomonosov Moscow State University, Department of Chemistry,
Moscow, Russia. ORCID 0000-0002-2320-0983.
Mel’nikov M.Ya. — M.V. Lomonosov Moscow State University, Department of
Chemistry, Moscow, Russia. ORCID  0000-0002-9712-8929.

The optical spectroscopy and EPR spectroscopy methods were used together for the first
time to quantitatively describe the release of a nitroxyl probe from poly-D,L-lactide (PDLLA)
films into a phosphate buffer solution. The bifunctional probe 2,2,5,5-tetramethyl-4-phenyl-
3-imidazoline-1-oxyl-3-oxide (IMNO) contains a paramagnetic nitroxyl fragment and has
a high extinction coefficient in the UV spectrum. Polymer films were obtained from porous
matrices based on PDLLA, formed and doped with IMNO in a supercritical CO2 environment.
It has been established that the combined use of spectrophotometry and EPR spectroscopy
is promising for obtaining more detailed information on the processes of the release of
probes from PDLLA films, the duration of which does not exceed three weeks.

K e y w o r d s: supercritical carbon dioxide, electron paramagnetic resonance spectroscopy,
optical spectroscopy, PDLLA, spin probe 2,2,5,5-tetramethyl-4-phenyl-3-imidazoline-
1-oxyl-3-oxide.
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