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Ïîë³-N-³çîïðîï³ëàêðèëàì³ä (ÏN²ÏÀÀ) – á³îñóì³ñíèé òåðìî÷óòëèâèé ïîë³ìåð, ïåðñïåêòèâíèé äëÿ
âèêîðèñòàííÿ â íàíîá³îòåõíîëîã³ÿõ, îñê³ëüêè öåé ïîë³ìåð ìàº òåìïåðàòóðó ôàçîâîãî ïåðåõîäó
(ÍÊÒÐ) â îáëàñò³ ô³ç³îëîã³÷íèõ òåìïåðàòóð. ÍÊÒÐ ìîæíà ñïðÿìîâàíî ðåãóëþâàòè çì³íîþ
ã³äðîô³ëüíî-ã³äðîôîáíîãî áàëàíñó ÏN²ÏÀÀ-âì³ñíî¿ ìàêðîìîëåêóëè àáî çì³íîþ ¿¿ ñòðóêòóðè.
Ââåäåííÿ íàíî÷àñòèíîê çîëîòà â ÏN²ÏÀÀ ïîë³ìåð-íàíîíîñ³é – îäèí ³ç ñó÷àñíèõ ï³äõîä³â äëÿ
ñòâîðåííÿ ïðåïàðàò³â íîâîãî ïîêîë³ííÿ äëÿ ôîòîäèíàì³÷íî¿ òà ôîòîòåðì³÷íî¿ ïðîòèïóõëèííî¿
òåðàï³¿. Íàíî÷àñòèíêè çîëîòà ñèíòåçîâàíî in situ â ïîë³ìåðí³é ìàòðèö³ ðîçãàëóæåíîãî
ç³ðêîïîä³áíîãî òåðìî÷óòëèâîãî êîïîë³ìåðó ç äåêñòðàíîâèì ÿäðîì ³ ïðèùåïëåíèìè ïîë³-N-
³çîïðîï³ëàêðèëàì³äíèìè ëàíöþãàìè (Ä-ÏN²ÏÀÀ). Ìåòîäîì òðàíñì³ñ³éíî¿ åëåêòðîííî¿
ì³êðîñêîï³¿ ïîêàçàíî, ùî íàíî÷àñòèíêè çîëîòà ìàþòü ñôåðè÷íó ôîðìó ³ ðîçì³ð 5–10 íì. Ìåòîäîì
äèíàì³÷íîãî ðîçñ³þâàííÿ ñâ³òëà äîñë³äæåíî íàíîñèñòåìó Ä-ÏN²ÏÀÀ/Au â îáëàñò³
êîíôîðìàö³éíîãî ïåðåõîäó ïîë³ìåðíî¿ ìàòðèö³. Âñòàíîâëåíî, ùî íàíîñèñòåìà Ä-ÏN²ÏÀÀ/Au
ì³ñòèòü â³ëüí³ íàíî÷àñòèíêè çîëîòà òà àãðåãàòè ìàêðîìîëåêóë ïîë³ìåð³â ç ³íêîðïîðîâàíèìè
íàíî÷àñòèíêàìè çîëîòà. Ðîçì³ð íàíî÷àñòèíîê çîëîòà íå çì³íþºòüñÿ â äîñë³äæåí³é îáëàñò³
òåìïåðàòóð.

Êëþ÷îâ³ ñëîâà: ðîçãàëóæåíèé êîïîë³ìåð, ïîë³-N-³çîïðîï³ëàêðèëàì³ä, ÍÊÒÐ, êîíôîðìàö³éíèé ïåðåõ³ä,
íàíî÷àñòèíêè çîëîòà.

Âñòóï.
Òåðìî÷óòëèâ³ êîïîë³ìåðè íà îñíîâ³ ïîë³(N-³çîïðî-

ï³ëàêðèëàì³äó) ç êîíôîðìàö³éíèì ïåðåõîäîì â îáëàñò³
ô³ç³îëîã³÷íèõ òåìïåðàòóð – ïåðñïåêòèâí³ ìàòåð³àëè á³î-
ìåäè÷íîãî ïðèçíà÷åííÿ [1–3]. Çà ê³ìíàòíî¿ òåìïåðà-
òóðè òàê³ êîïîë³ìåðè ã³äðîô³ëüí³, à ïðè íàãð³âàíí³ âèùå
íèæíüî¿ êðèòè÷íî¿ òåìïåðàòóðè ðîçøàðîâóâàííÿ
(ÍÊÒÐ) â³äáóâàºòüñÿ êîíôîðìàö³éíèé ïåðåõ³ä, ìàêðî-
ìîëåêóëè ñòàþòü ÷àñòêîâî ã³äðîôîáíèìè ³ ëåãøå ïðî-
íèêàþòü êð³çü êë³òèíí³ ìåìáðàíè/òêàíèíè. Çì³íó ã³äðî-
ô³ëüíî-ã³äðîôîáíîãî áàëàíñó çàëåæíî â³ä òåìïåðàòó-
ðè ìîæíà âèêîðèñòîâóâàòè äëÿ ³íêàïñóëÿö³¿ ã³äðîô³ëü-
íèõ á³îëîã³÷íîàêòèâíèõ ðå÷îâèí çà íîðìàëüíèõ óìîâ,
ïîäàëüøîãî ââåäåííÿ ã³áðèäíîãî íàíîêîìïîçèòó â
îðãàí³çì ³ ïîñòóïîâîãî âèâ³ëüíåííÿ ¿õ ó ô³ç³îëîã³÷íî-
ìó ñåðåäîâèù³.

Äëÿ ë³í³éíîãî ïîë³-N-³çîïðîï³ëàêðèëàì³äó
(ÏNiÏÀÀ) õàðàêòåðíèé êîíôîðìàö³éíèé ïåðåõ³ä çà Ò =
32 °Ñ [4]. Íàìè áóëî ñèíòåçîâàíî ðÿä ðîçãàëóæåíèõ
ç³ðêîïîä³áíèõ êîïîë³ìåð³â ç äåêñòðàíîâèì ÿäðîì ð³çíî¿
ìîëåêóëÿðíî¿ ìàñè òà ç ð³çíîþ ê³ëüê³ñòþ ïðèùåïëåíèõ
ÏNiÏÀÀ ëàíöþã³â (Ä-ÏN²ÏÀÀ), äëÿ ÿêèõ òåìïåðàòóðà
ïåðåõîäó çì³ñòèëàñÿ äî 33,8 °Ñ [5].

Còâîðåííÿ ìåòàëîâì³ñíèõ íàíîñèñòåì íà îñíîâ³
òåðìî÷óòëèâèõ ðîçãàëóæåíèõ êîïîë³ìåð³â â³äêðèâàº
ïåðñïåêòèâó êîíòðîëüîâàíî¿ ö³ëüîâî¿ äîñòàâêè ³ ïðî-
ëîíãàö³¿ ä³¿ ë³êàðñüêèõ çàñîá³â [6]. Íàìè áóëî îòðèìàíî
çîë³ çîëîòà, ñèíòåçîâàí³ ó âîäíèõ ðîç÷èíàõ ðîçãàëóæå-
íèõ ç³ðêîïîä³áíèõ êîïîë³ìåð³â ç äåêñòðàíîâèì ÿäðîì
ð³çíî¿ ìîëåêóëÿðíî¿ ìàñè òà ç ð³çíîþ ê³ëüê³ñòþ ïðè-
ùåïëåíèõ Ä-ÏN²ÏÀÀ. Çîëîòî ó íàíîðîçì³ðíîìó âèã-
ëÿä³ îáðàíî çàâäÿêè óí³êàëüí³é âëàñòèâîñò³  ï³äâèùóâà-
òè òåðàïåâòè÷íèé åôåêò ïðåïàðàò³â äëÿ ôîòîäèíàì³÷-
íî¿ òåðàï³¿ [7, 8]. Ïðè öüîìó äóæå âàæëèâèìè º ðîçì³ðí³
õàðàêòåðèñòèêè íàíî÷àñòèíîê çîëîòà, à òàêîæ àãðåãà-
òèâíà ñò³éê³ñòü îòðèìàíèõ ñèñòåì [9].

Ìåòîþ ðîáîòè áóëî äîñë³äèòè ïîâåä³íêó íàíîñèñ-
òåìè Ä-ÏN²ÏÀÀ/Au â îáëàñò³ êîíôîðìàö³éíîãî ïåðå-
õîäó ïîë³ìåðíî¿ ìàòðèö³.
Åêñïåðèìåíòàëüíà ÷àñòèíà.

Ñèíòåç íàíîñèñòåìè Ä-ÏN²ÏÀÀ/Au. Äëÿ
ñèíòåçó íàíîñèñòåìè Ä-ÏN²ÏÀÀ/Au âèêîðèñòîâóâà-
ëè âîäí³ ðîç÷èíè îòðèìàíèõ íàìè [5] ïðèùåïëåíèõ
êîïîë³ìåð³â ç äåêñòðàíîâèì ÿäðîì (Mw=70000) òà ç
15 ïðèùåïëåíèìè ëàíöþãàìè ïîë³-N-³çîïðîï³ëàêðèë-
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àì³äó (Ä70-ÏN²ÏÀÀ15).
Âèá³ð ñàìå öüîãî êîïîë³ìåðó áàçóâàâñÿ íà ðåçóëü-

òàòàõ íàøèõ äîñë³äæåíü [5], îñê³ëüêè ñàìå êîïîë³ìåð
Ä70-ÏN²ÏÀÀ15 çäàòíèé äî ³ñòîòíèõ çì³í ã³äðîäèíà-
ì³÷íîãî ä³àìåòðà ìàêðîìîëåêóëÿðíèõ êëóáê³â ïðè êîí-
ôîðìàö³éíîìó ïåðåõîä³ â îáëàñò³ ÍÊÒÐ.

Íàíî÷àñòèíêè çîëîòà (AuÍ×) ñèíòåçóâàëè ³n situ
õ³ì³÷íèì â³äíîâëåííÿì òåòðàõëîðàóðàòó (²²²) âîäíþ
(Sigma Aldrich, ÑØÀ) â ðîç÷èí³ Ä70-ÏN²ÏÀÀ15 . Ïðè
öüîìó ïîë³ìåð â³ä³ãðàâàâ ðîëü ìàòðèö³, çäàòíî¿ âïëè-
âàòè íà ïðîöåñ íóêëåàö³¿, êîíòðîëþâàòè ð³ñò ³ ñòàá³ë³-
çóâàòè íàíî÷àñòèíêè. Äî 0,5 ìë âîäíîãî ðîç÷èíó ïîë³-
ìåðó (Ñ = 1·10-3 ã/ñì3) äîäàâàëè 0,012 ìë 0,1 Ì âîäíîãî
ðîç÷èíó òåòðàõëîðàóðàòó (III) âîäíþ ³ ïåðåì³øóâàëè
ïðîòÿãîì 20 õâ. Ïîò³ì äîäàâàëè 0,047 ìë 0,1 Ì âîäíîãî
ðîç÷èíó áîðã³äðèäó íàòð³þ (Sigma Aldrich, ÑØÀ). Ðå-
àêö³éíó ñóì³ø ïåðåì³øóâàëè ùå ïðîòÿãîì 30 õâ. Ïðî-
öåñ â³äíîâëåííÿ ïðîâîäèëè çà òåìïåðàòóðè 5 °C. Ôîð-
ìóâàííÿ íàíî÷àñòèíîê Au ðåºñòðóâàëè â³çóàëüíî –
çîëü çîëîòà íàáóâàâ ðóá³íîâî-÷åðâîíîãî êîëüîðó.

Òðàíñì³ñ³éíà åëåêòðîííà ì³êðîñêîï³ÿ (TEM).
Äëÿ îö³íêè ðîçì³ð³â ³ ôîðìè îòðèìàíèõ íàíî÷àñòèíîê
çîëîòà âèêîðèñòîâóâàëè ìåòîä òðàíñì³ñ³éíî¿ åëåêòðîí-
íî¿ ì³êðîñêîï³¿ (TEM, JEOL (Japan) Jem-1000CXII). Çðàç-
êè äëÿ ÒÅÌ äîñë³äæåíü ãîòóâàëè ðîçïèëåííÿì ðîçâå-
äåíîãî çîëþ Au íà ì³äíó ñ³òêó çà Ò = 25 °Ñ. Ì³êðî-
ôîòîãðàô³¿ (ðèñ. 1) ï³äòâåðäæóþòü óòâîðåííÿ íàíî-
÷àñòèíîê çîëîòà ñôåðè÷íî¿ ôîðìè ðîçì³ðîì 5–10 íì.

Äèíàì³÷íå ðîçñ³þâàííÿ ñâ³òëà (DLS) çàñòîñîâó-
âàëè äëÿ äîñë³äæåííÿ íàíîñèñòåì Ä70-ÏN²ÏÀÀ15/Au
â îáëàñò³ êîíôîðìàö³éíîãî ïåðåõîäó ïîë³ìåðíî¿ ìàò-
ðèö³. Âèêîðèñòîâóâàëè Zetasizer Nano ZS90 (Malvern
Instrments Ltd., UK), íà ÿêîìó âñòàíîâëåíî 4 ìÂ He-Ne
ëàçåð ç äîâæèíîþ õâèë³ 632,8 íì, à ðîçñ³ÿíå ñâ³òëî äå-
òåêòóºòüñÿ ï³ä êóòîì 173° (çâîðîòíå ðîçñ³þâàííÿ).

Ìåòîäîì DLS îòðèìàí³ êîðåëÿö³éí³ êðèâ³ äëÿ íàíîñèñ-
òåì ó òåìïåðàòóðíîìó ³íòåðâàë³ 25–36 °Ñ ³ç êðîêîì
íàãð³âàííÿ 0,1 °Ñ. Ðîçïîä³ë çà ã³äðîäèíàì³÷íèìè
ä³àìåòðàìè ðîçñ³þþ÷èõ îá’ºêò³â ó íàíîñèñòåì³
îòðèìàíî çà ò³ºþ æ ìåòîäèêîþ, ùî ³ äëÿ íàíîñèñòåìè
Ä70-ÏN²ÏÀÀ15/Ag [5]. Áóëî ïðîàíàë³çîâàíî òàê³ òåì-
ïåðàòóðí³ ³íòåðâàëè: 25–30; 30–33; 33–34; 34,0–34,5 òà
34,5–36,0 °Ñ. Çðàçîê òåðìîñòàòóâàëè çà êîæíî¿ òåìïå-
ðàòóðè ïðîòÿãîì 5 õâ.

Ðîçïîä³ë çà ðîçì³ðàìè äëÿ íàíîñèñòåìè Ä70-
ÏN²ÏÀÀ15/Au ó òåìïåðàòóðíîìó ³íòåðâàë³ 25–30 °Ñ,
òîáòî äî ñóòòºâîãî êîëàïñó ëàíöþã³â Ä70-ÏN²ÏÀÀ15
[5], íàâåäåíî íà ðèñ. 2. Ó öüîìó òåìïåðàòóðíîìó ³íòåð-
âàë³, ÿê ³ íàäàë³, ñïîñòåð³ãàëè êðèâ³ ðîçïîä³ëó ç òðüîìà
ìàêñèìóìàìè. Ïåðøèé ìàêñèìóì â³äïîâ³äàº äèôóç³¿
áåçïîñåðåäíüî íàíî÷àñòèíîê çîëîòà – Íàíîîá’ºêò ²-
Au (Ï³ê 1), ÿê³ ìàþòü ðîçì³ð 5–9 íì. Äðóãèé ìàêñèìóì
(Ï³ê 2) ìè â³äíåñëè äî îêðåìèõ ìàêðîìîëåêóë Ä70-
ÏN²ÏÀÀ15 ç ³íêîðïîðîâàíèìè âñåðåäèí³ íàíî÷àñòèí-
êàìè çîëîòà, ÿê³ íàäàë³ ïîçíà÷åíî ÿê Íàíîîá’ºêòè ²²-Au
(45 íì çà Ò = 25 °Ñ). Òðåò³é ìàêñèìóì (Ï³ê 3) â³äïîâ³äàº

Ðèñ. 1. Ì³êðîôîòîãðàô³ÿ íàíî÷àñòèíîê çîëîòà,
ñèíòåçîâàíèõ ó ðîçãàëóæåí³é ïîë³ìåðí³é ìàòðèö³
Ä70-ÏN²ÏÀÌ15
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Ðèñ. 3. Ðîçïîä³ëè çà ðîçì³ðàìè â íàíîñèñòåìàõ
Ä70-ÏN²ÏÀÀ15/Au ïðè  íàãð³âàíí³ â³ä 30 äî 33 °Ñ
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àãðåãàòàì, ùî ñêëàäàþòüñÿ ç Íàíîîá’ºêò³â ²²-Au (Íà-
íîîá’ºêòè ²²I-Au) ³ ñóòòºâî á³ëüø³, í³æ â³äïîâ³äí³ Íàíî-
îá’ºêòè ²I²-Ag ó çâ’ÿçêó ç á³ëüøèì ñòóïåíåì àãðåãàö³¿
(200 òà 100 íì â³äïîâ³äíî). Äîäàìî òàêîæ, ùî â ñèñòåì³
çà òåìïåðàòóð, áëèçüêèõ äî ÍÊÒÐ, òàêîæ íàÿâí³ àãðåãà-
òè Íàíîá’ºêò³â ²²-Au, ùî ì³ñòÿòü ó ñâîºìó îá’ºì³ ëèøå
íåçíà÷íó ê³ëüê³ñòü íàíî÷àñòèíîê çîëîòà (Íàíîá’ºêòè
²V-Au àíàëîã³÷í³ Íàíîá’ºêòàì ²V-Ag, ç ò³ºþ ð³çíèöåþ,
ùî çîëîòîâì³ñí³ Íàíîá’ºêòè ìîãëè áóòè äåòåêòîâàí³ íà
ðîçïîä³ëàõ çà ä³àìåòðàìè ó â³äïîâ³äíîìó ³íòåðâàë³ òåì-
ïåðàòóð). Ó òåìïåðàòóðíîìó ³íòåðâàë³ 25–30 °Ñ ñïî-
ñòåð³ãàëè çìåíøåííÿ ðîçì³ð³â Íàíîîá’ºêò³â ²² (â³ä 45
äî 40 íì) ³ Íàíîîá’ºêò³â ²²² (â³ä 190 äî 170 íì), ùî
ñâ³ä÷èòü ïðî ïîñòóïîâå ñòèñêàííÿ ìàêðîìîëåêóë Ä70-
ÏN²ÏÀÀ15 ó ñêëàä³ Íàíîá’ºêò³â ²² òà ²²², òîáòî ïðî ïî-
÷àòîê êîíôîðìàö³éíîãî ïåðåõîäó â ïîë³ìåðí³é ìàòðèö³.

Öÿ òåíäåíö³ÿ çáåð³ãàºòüñÿ ³ â òåìïåðàòóðíîìó ³íòåð-
âàë³ 30–33 °Ñ (ðèñ. 3). Íàíîîá’ºêòè ²² çìåíøóþòüñÿ â³ä
40 äî 35 íì, à Íàíîîá’ºêòè ²²I – çáåð³ãàþòü câ³é ðîçì³ð.

Ó òåìïåðàòóðíîìó ³íòåðâàë³ 33–34 °Ñ (ðèñ. 4) ñïî-
ñòåð³ãàëè çìåíøåííÿ ðîçì³ðó Íàíîîá’ºêò³â ²I äî 25 íì.
Âîäíî÷àñ, çðîñòàþòü Íàíîîá’ºêòè ²²² ³ ç’ÿâëÿºòüñÿ ïëå-
÷å íà Ï³êó 3, ÿêå ìîæå â³äïîâ³äàòè ïî÷àòêó óòâîðåííÿ
àãðåãàò³â ìàêðîìîëåêóë Ä70-ÏN²ÏÀÀ15 ó ñêëàä³ Íà-
íîîá’ºêò³â ²I ïîáëèçó ÍÊÒÐ (ôîðìóâàííÿ Íàíîîá’ºêò³â
²V), ùî ñóïðîâîäæóâàëîñÿ çìåíøåííÿì ³íòåíñèâíîñò³
Ï³êà 2.

Ïðè ïîäàëüøîìó íàãð³âàíí³ â ³íòåðâàë³ òåìïåðà-
òóð 34,0–34,5 °Ñ ïîëîæåííÿ Ï³êà 1 çáåð³ãàºòüñÿ (ðèñ. 5).
Ìàº ì³ñöå äîñèòü ð³çêå çìåíøåííÿ ä³àìåòðà Íàíî-
îá’ºêò³â ²²² â³ä 210 äî 170 íì, à ïëå÷å íà Ï³êà 3, ÿêå
â³äïîâ³äàº Íàíîîá’ºêòàì ²V, ïîñòóïîâî çì³ùóºòüñÿ â
á³ê á³ëüøèõ ðîçì³ð³â (â³ä 55 äî 85 íì) ³ çíèêàº. Öåé ïðî-
öåñ ñóïðîâîäæóºòüñÿ ïîäàëüøèì çíèæåííÿì ³íòåíñèâ-
íîñò³ Ï³ê³â 1 ³ 2. Öå ïîÿñíþºòüñÿ çá³ëüøåííÿì ³íòåí-
ñèâíîñò³ ðîçñ³þâàííÿ âñ³õ àãðåãàò³â ùîäî ³íäèâ³äóàëü-
íèõ ÷àñòèíîê ³ ìàêðîìîëåêóë (ïðè÷èíà – çðîñòàííÿ
ê³ëüêîñò³ âåëèêèõ Íàíîîá’ºêò³â).
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34,5–36,0 °Ñ (ðèñ. 6), ïîëîæåííÿ Ï³ê³â 1 ³ 2 íà êðèâèõ
ðîçïîä³ëó çà ã³äðîäèíàì³÷íèìè ä³àìåòðàìè ³ñòîòíî íå
çì³íþºòüñÿ.

Íà ðèñ. 7 íàâåäåíî çàëåæíîñò³ ïîëîæåííÿ ìàêñè-
ìóìó ï³ê³â íà êðèâèõ ðîçïîä³ëó çà ðîçì³ðàìè ð³çíèõ
êîìïîíåíò³â íàíîñèñòåìè òà ñõåìè â³äïîâ³äíèõ ïðî-
öåñ³â ïðè ï³äâèùåíí³ òåìïåðàòóðè. Íàíîîá’ºêòè ² ïðàê-
òè÷íî íå çì³íþâàëè ðîçì³ð, òîìó íà ðèñ. 7 íå íàâåäåíà
çì³íà ¿õ ðîçì³ð³â ó äîñë³äæåí³é òåìïåðàòóðí³é îáëàñò³.
Êðèâà À äåìîíñòðóº ïîñòóïîâå çìåíøåííÿ ã³äðîäèíà-
ì³÷íîãî ä³àìåòðà Íàíîîá’ºêò³â ²² â íàíîñèñòåì³ Ä70-
ÏN²ÏÀÀ15/Au. Âèä ö³º¿ êðèâî¿ à òàêîæ çíà÷åííÿ ã³äðî-
äèíàì³÷íèõ ä³àìåòð³â áëèçüê³ äî òàêèõ äëÿ ðîç÷èíó
â³ëüíîãî ïîë³ìåðó [5] ç ò³ºþ ð³çíèöåþ, ùî ÍÊÒÐ äëÿ
íàíîñèñòåìè Ä70-ÏN²ÏÀÀ15/Au ñòàíîâèëà íå 33,8 °Ñ,
ÿê äëÿ ³íäèâ³äóàëüíîãî Ä70-ÏN²ÏÀÀ15, à 34,3 °Ñ.

Êðèâà Á íà ðèñ. 7 îïèñóº çì³íó ïîëîæåííÿ ïëå÷à íà
Ï³êó 3, ùî â³äïîâ³äàº Íàíîîá’ºêòàì ²V. Êðèâà îõîïëþº
ëèøå ³íòåðâàë òåìïåðàòóð, â ÿêîìó ìîæíà áóëî ÿâíî
âèä³ëèòè ïëå÷å íà öüîìó ï³êó. Ð³çêó çì³íó ã³äðîäèíà-
ì³÷íîãî ä³àìåòðà Íàíîîá’ºêò³â ²V ñïîñòåð³ãàëè çà

Ò = 34,3 °Ñ, ùî â³äïîâ³äàº ÍÊÒÐ.
Íàéñêëàäí³øó ôîðìó ìàº êðèâà , ÿêà â³äïîâ³äàº çì³í³

ã³äðîäèíàì³÷íîãî ä³àìåòðà Íàíîîá’ºêò³â ²²² ç³ çðîñòàí-
íÿì òåìïåðàòóðè (ðèñ. 7, êðèâà Â). Ñïî÷àòêó ñïîñòåð³-
ãàëè äîñèòü ïëàâíå çìåíøåííÿ ðîçì³ðó àãðåãàò³â äî
160 íì çà òåìïåðàòóðè 33 °Ñ, ùî â³äïîâ³äàº ïîñòóïîâî-
ìó êîëàïñó ëàíöþã³â ÏN²ÏÀÀ â ñêëàä³ àãðåãàò³â. Íà-
äàë³ ðîçì³ð àãðåãàò³â çá³ëüøóºòüñÿ äî 210 íì çà Ò = 34,1 °Ñ.
Ïîäàëüøå ñïàäàííÿ êðèâî¿ ïîÿñíþºòüñÿ ï³äâèùåííÿì
âíåñêó ðîçñ³þâàííÿ Íàíîîá’ºêòàìè ²V, ÿê³ ðîçñ³þþòü
³íòåíñèâí³øå çà Íàíîîá’ºêòè ²²². Öå ïðèçâîäèòü äî
çì³ùåííÿ Ï³êà 3 ó á³ê ìåíøèõ ðîçì³ð³â.
Âèñíîâêè.

Ïîêàçàíî, ùî â íàíîñèñòåì³ Ä70-ÏN²ÏÀÀ15/Au â
îáëàñò³ êîíôîðìàö³éíîãî ïåðåõîäó ïîë³ìåðíî¿ ìàòðèö³
ðîçì³ð íàíî÷àñòèíîê çîëîòà íå çì³íþºòüñÿ, ùî âàæëè-
âî äëÿ ìåäèêî-á³îëîã³÷íîãî çàñòîñóâàííÿ öèõ ñèñòåì.
Âèÿâëåíî, ùî ó íàíîñèñòåì³ Ä70-ÏN²ÏÀÀ15/Au â îá-
ëàñò³ ÍÊÒÐ ïîë³ìåðó â³äáóâàþòüñÿ ñêëàäí³ ïðîöåñè, ùî
ïîëÿãàþòü ó çì³í³ ðîçì³ðó àãðåãàò³â ó ðåçóëüòàò³ êîëàï-
ñó ëàíöþã³â ÏN²ÏÀÀ.
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Ïîëè-N-èçîïðîïèëàêðèëàìèä (ÏNÈÏÀÀ) – áèîñîâìåñòèìûé òåðìî÷óâñòâèòåëüíûé ïîëèìåð,
êîòîðûé ÿâëÿåòñÿ ïåðñïåêòèâíûì äëÿ èñïîëüçîâàíèÿ â íàíîáèîòåõíîëîãèè, òàê êàê èìååò
òåìïåðàòóðó ôàçîâîãî ïåðåõîäà (ÍÊÒÐ) â îáëàñòè ôèçèîëîãè÷åñêèõ òåìïåðàòóð. ÍÊÒÐ ìîæíî
íàïðàâëåíî ðåãóëèðîâàòü èçìåíåíèåì ãèäðîôèëüíî-ãèäðîôîáíîãî áàëàíñà ÏNÈÏÀÀ-
ñîäåðæàùåé ìàêðîìîëåêóëû èëè èçìåíåíèåì åå ñòðóêòóðû. Ââåäåíèå íàíî÷àñòèö çîëîòà â
ÏNÈÏÀÀ ïîëèìåð-íàíîíîñèòåëü – îäèí èç ñîâðåìåííûõ ïîäõîäîâ äëÿ ñîçäàíèÿ ïðåïàðàòîâ
íîâîãî ïîêîëåíèÿ äëÿ ôîòîäèíàìè÷åñêîé è ôîòîòåðìè÷åñêîé ïðîòèâîîïóõîëåâîé òåðàïèè.
Íàíî÷àñòèöû çîëîòà áûëè ñèíòåçèðîâàíû in situ â ïîëèìåðíîé ìàòðèöå ðàçâåòâëåííîãî
çâåçäîîáðàçíîãî òåðìî÷óâñòâèòåëüíîãî ñîïîëèìåðà ñ äåêñòðàíîâûì ÿäðîì è ïðèâèòûìè ïîëè-
N-èçîïðîïèëàêðèëàìèäíèìû öåïÿìè (Ä-ÏNÈÏÀÀ). Ìåòîäîì òðàíñìèññèîííîé ýëåêòðîííîé
ìèêðîñêîïèè áûëî ïîêàçàíî, ÷òî íàíî÷àñòèöû çîëîòà èìåëè ñôåðè÷åñêóþ ôîðìó è ðàçìåð 5–10 íì.
Ìåòîäîì äèíàìè÷åñêîãî ðàññåÿíèÿ ñâåòà èññëåäîâàíî íàíîñèñòåìó Ä-ÏNÈÏÀÀ/Au â îáëàñòè
êîíôîðìàöèîííîãî ïåðåõîäà ïîëèìåðíîé ìàòðèöû. Óñòàíîâëåíî, ÷òî íàíîñèñòåìà Ä-ÏNÈÏÀÀ/
Au ñîäåðæèò ñâîáîäíûå íàíî÷àñòèöû ìåòàëëîâ è àãðåãàòû ìàêðîìîëåêóë ïîëèìåðîâ ñ
èíêîðïîðèðîâàííûìè íàíî÷àñòèöàìè çîëîòà. Ðàçìåð íàíî÷àñòèö çîëîòà íå èçìåíÿåòñÿ â
èññëåäîâàííîé îáëàñòè òåìïåðàòóð.

Êëþ÷åâûå ñëîâà: ðàçâåòâëåííûé ñîïîëèìåð, ïîëè-N-èçîïðîïèëàêðèëàìèä, ÍÊÒÐ, êîíôîðìàöèîííûé ïåðåõîä,
íàíî÷àñòèöû çîëîòà.

The investigation of nanosystems branched polymer/nanogold in the region of
conformational transition of a polymer matrix

V.A. Chumachenko, Yu.I. Harahuts, N.V. Kutsevol, N.P. Melnyk, O.M. Nadtoka

Taras Shevchenko National University of Kyiv, Department of Chemistry
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Poly-N-isopropylacrylamide (PNIPAA) is a biocompatible thermosensitive polymer that is promising
for using in nanobiotechnologies since this polymer has a phase transition temperature (LCST) in the
physiological temperature range. LCST can be regulated by changing the hydrophilic-hydrophobic
balance of the PNIPAA-containing macromolecule or by changing its structure. The incorporation of
gold nanoparticles into PNIPAA polymer-nanocarrier is one of the modern approaches for the creation
of new generation of drugs for photodynamic and photothermal antitumor therapy. The gold
nanoparticles were synthesized in situ into polymeric matrix of branched star-shaped thermosensitive
copolymer with dextran core and grafted poly-N-isopropylacrylamide chains (D-PNIPAA). Transmission
electron microscopy has shown that gold nanoparticles had a spherical shape and a size of 5-10 nm.
Dynamic light scattering was used for study D-PNIPAA/Au nanosystem in the region of the conformational
transition of a polymer matrix. It was established that nanosystem D-PNIPAA/Au contained free
nanoparticles of metals, as well as aggregates of polymer macromolecules with incorporated Au
nanoparticles. The size of gold nanoparticles did not change in the studied temperature region.

Key words: branched polymer, Poly-N-isopropylacrylamide, LCST, conformational transition, Au nanoparticles.


