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Ñôîðìîâàíî ïðèùåïëåí³ íàíîøàðè äåÿêèõ ïîë³-N-ìåòàêðèëî¿ë-L-àì³íîêèñëîò íà ïîâåðõí³
ïåðîêñèäîâàíîãî ñêëà. Âèâ÷åíî îñíîâí³ çàêîíîì³ðíîñò³ ôîðìóâàííÿ ïðèùåïëåíèõ íàíîøàð³â.
Ïîêàçàíî çíà÷íèé âïëèâ ïðèðîäè ìîíîìåðó íà ìîäèô³êàö³þ ïîâåðõí³ òà ñòðóêòóðó ïðèùåïëåíîãî
íàíîøàðó. Âèçíà÷åíî ïîâåðõíåâó åíåðã³þ ìîäèô³êîâàíèõ ïîâåðõîíü ³ âñòàíîâëåíî ¿õí³ ðÍ ÷óòëèâ³
âëàñòèâîñò³.

Êëþ÷îâ³ ñëîâà: ïðèùåïëåí³ ïîë³ìåðí³ ù³òêè, ïîë³-N-ìåòàêðèëî¿ë àì³íîêèñëîòè, åë³ïñîìåòð³ÿ, íàíîøàð,
á³îñóì³ñí³ ïîâåðõí³.

Îñòàíí³ì ÷àñîì çíà÷íà óâàãà ïðèä³ëÿºòüñÿ âèêî-
ðèñòàííþ ïðèðîäíî¿ ñèðîâèíè äëÿ ñòâîðåííÿ íîâèõ
ñèíòåòè÷íèõ ïîë³ìåð³â ³ íàíîñòðóêòóðîâàíèõ ñèñòåì
íà ¿õ îñíîâ³. Öåé ï³äõ³ä áóâ øèðîêî âèñâ³òëåíèé ó
ðîáîò³ [1], äå àâòîðè ïîð³âíÿëè âëàñòèâîñò³ á³îïîë³-
ìåð³â ³ ñèíòåòè÷íèõ ïîë³ìåð³â, ñòâîðåíèõ íà îñíîâ³
ïðèðîäíî¿ ñèðîâèíè.

Ç óñ³õ ïðèðîäíèõ ñïîëóê íàéá³ëüø ïåðñïåêòèâíèì
êëàñîì äëÿ ñèíòåçó ñèíòåòè÷íèõ ïîë³ìåð³â º ìîäèô³-
êîâàí³ àì³íîêèñëîòè [2–4]. Â 90-õ ðîêàõ ðåàêö³ÿìè
ðàäèêàëüíî¿ ïîë³ìåðèçàö³¿ áóëî âïåðøå ñèíòåçîâàíî
ðÿä ïîë³-N-ìåòàêðèëî¿ë-L-àì³íîêèñëîò ³ ïîë³-N-àêðè-
ëî¿ë-L-àì³íîêèñëîò [2]. Îòðèìàí³ òàêèì ÷èíîì ïîë-
³ìåðè ìàþòü çíà÷íó ê³ëüê³ñòü ïîòåíö³éíèõ çàñòîñó-
âàíü. Ó ðîáîòàõ [5, 6] ïîêàçàíî çäàòí³ñòü àì³íîêèñëî-
òîâì³ñíèõ ïîë³ìåð³â óòâîðþâàòè ñåëåêòèâí³ êîìïëåê-
ñè ç ³îíàìè ìåòàë³â, ùî äàº çìîãó ðîçãëÿäàòè ¿õ ÿê
ìàòåð³àë äëÿ âèðîáíèöòâà ñåëåêòèâíèõ ìåìáðàí ÷è
êàòàë³òè÷íî àêòèâíèõ ïîë³ìåð³â. Á³ëüø³ñòü ïîë³-N-ìå-
òàêðèëî¿ë-L-àì³íîêèñëîò – á³îñóì³ñí³ ïîë³ìåðè, à êð³ì
òîãî âîíè ìàþòü ðÍ ÷óòëèâ³, à â äåÿêèõ âèïàäêàõ ³
òåìïåðàòóðî÷óòëèâ³ âëàñòèâîñò³ [2, 4, 7, 8]. Ïîë³ìå-
ðè òàêîãî òèïó  çäàòí³ óòâîðþâàòè ð³çíîìàí³òí³ êàï-
ñóëè ÷è âåçèêóëè äëÿ ïåðåíåñåííÿ á³îëîã³÷íî àêòèâ-
íèõ ñïîëóê îðãàí³çìîì ëþäèíè òà ìîæóòü âèêîðèñ-
òîâóâàòèñÿ ó íàíîìåäèöèí³ [2, 9].

Îñòàíí³ì ÷àñîì ³íòåíñèâíî ðîçâèâàºòüñÿ íàïðÿì
ìîäèô³êàö³¿ ïîâåðõîíü ïðèùåïëåíèìè ìàêðîìîëåêó-
ëàìè, çîêðåìà ïðèðîäíèõ ïîë³ìåð³â, ùî äàº çìîãó íå
ò³ëüêè íàäàòè ïîâåðõíÿì áàæàíèõ ô³çèêî-õ³ì³÷íèõ
âëàñòèâîñòåé, à é çðîáèòè ¿õ á³îñóì³ñíèìè [10].  Ïðîòå

ó ë³òåðàòóð³ íå â³äîìî ïðèêëàä³â ôîðìóâàííÿ ïðèùåï-
ëåíèõ ù³òîê ñèíòåòè÷íèõ ïîë³ìåð³â, ñòâîðåíèõ íà
îñíîâ³ àì³íîêèñëîò. Òîìó ôîðìóâàííÿ íà òâåðäèõ
ïîâåðõíÿõ êîâàëåíòíî ïðèùåïëåíèõ á³îïîë³ìåðíèõ
íàíîøàð³â – îäèí ³ç ïåðñïåêòèâíèõ íàïðÿì³â êîíòðî-
ëüîâàíîãî äèçàéíó ïîâåðõí³.

Ó ïîäàí³é ðîáîò³ íàìè ñèíòåçîâàíî ìîíîìåðè
N-ìåòàêðèëî¿ë-L-ìåò³îí³íó, N-ìåòàêðèëî¿ë ãë³öèíó ³
N-ìåòàêðèëî¿ë-L-ïðîë³íó òà ñôîðìîâàíî íà ïîâåðõí³
ìîäèô³êîâàíîãî ñêëà, ùî ì³ñòèòü öåíòðè ðàäèêàëü-
íî¿ ïîë³ìåðèçàö³¿, ¿õ ïðèùåïëåí³ íàíîøàðè. Íàìè
äîñë³äæåíî çàêîíîì³ðíîñò³ ôîðìóâàííÿ ïðèùåïëåíèõ
íàíîøàð³â äåÿêèõ ïîë³-N-ìåòàêðèëî¿ë-L-àì³íîêèñëîò,
¿õíþ ñòðóêòóðó òà âëàñòèâîñò³.
Åêñïåðèìåíòàëüíà ÷àñòèíà.

Ñèíòåç N-ìåòàêðèëî¿ë-L-àì³íîêèñëîò (ðåàêö³ÿ
Øîòåí-Áàóìàíà). Ðåàêö³þ ïðîâîäèëè çã³äíî ç ìîäè-
ô³êîâàíîþ ìåòîäèêîþ [11] (ñõåìà 1).

Äëÿ öüîãî àì³íîêèñëîòó (0,1 ìîëü) ðîç÷èíÿëè â
60 ìë 2Ì ã³äðîêñèäó íàòð³þ òà îõîëîäæóâàëè äî 0 °C.
Ìåòàêðèëî¿ë õëîðèä (0,1 ìîëü) ³ 60 ìë 2 Ì ã³äðîêñè-
äó íàòð³þ îäíî÷àñíî ïðèêàïóâàëè ð³âíèìè ïîðö³ÿìè
ç ³íòåðâàëîì 3 õâ. åíåðã³éíî ïåðåì³øóþ÷è.
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Ñõåìà 1. Ñèíòåç N-ìåòàêðèëî¿ë-L-àì³íîêèñëîò
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Ï³ñëÿ çàê³í÷åííÿ ïðèêàïóâàííÿ ðåàãåíò³â ñóì³ø
ïåðåì³øóâàëè 2 ãîä. çà ê³ìíàòíî¿ òåìïåðàòóðè, à ïîò³ì
ï³äêèñëþâàëè êîíöåíòðîâàíîþ ÍÑl (≈20 ìë). Ñóì³ø
çàëèøàëè íà 2 ãîä., à ïîò³ì ô³ëüòðóâàëè, çàëèøîê íà
ô³ëüòð³ ïðîìèâàëè äèñòèëüîâàíîþ âîäîþ ³ ïåðåêðèñ-
òàë³çîâóâàëè ç ñóì³ø³ åòàíîë-âîäà. Ñòðóêòóðó îòðè-
ìàíîãî ìîíîìåðó ï³äòâåðäæóâàëè çà äîïîìîãîþ
ñïåêòð³â ²×-ñïåêòðîñêîï³¿.

Ìîäèô³êàö³ÿ ïîâåðõí³ ñêëà. Ñêëÿí³ ïëàñòèíêè, ùî
ì³ñòèëè íà ñâî¿é ïîâåðõí³ öåíòðè ðàäèêàëüíî¿ ïîë³-
ìåðèçàö³¿, îòðèìàí³ çã³äíî ç ìåòîäèêîþ [12]. Äëÿ ôîð-
ìóâàííÿ íà ¿õ ïîâåðõí³ ïðèùåïëåíîãî íàíîøàðó ïîë³-
N-ìåòàêðèëî¿ë-L-àì³íîêèñëîò ïëàñòèíêè ïîì³ùàëè â
àìïóëè ç 0,1 Ì åòàíîëüíèì ðîç÷èíîì N-ìåòàêðèëî¿ë-
L-àì³íîêèñëîòè òà ïðîäóâàëè âì³ñò àìïóë àðãîíîì.
Ï³ñëÿ çàïàþâàííÿ àìïóëè ïðîãð³âàëè çà òåìïåðàòóðè
90 °Ñ ïðîòÿãîì ïåâíîãî ÷àñó. Ìîäèô³êîâàí³ ï³äêëà-
äèíêè âèéìàëè ç àìïóë, åêñòðàãóâàëè â àïàðàò³ Ñî-
êñëåòà ïðîòÿãîì 4 ãîä. ìåòàíîëîì äëÿ âèäàëåííÿ íå-
ïðèùåïëåíîãî ìîíîìåðó, ñóøèëè â âàêóóì³ çà ê³ìíàò-
íî¿ òåìïåðàòóðè äî ïîñò³éíî¿ ìàñè.

Âèì³ðþâàííÿ êîíòàêòíîãî êóòà çìî÷óâàííÿ. Íà
ïîâåðõíþ ïëàñòèíêè, çà äîïîìîãîþ ì³êðîøïðèöà, íà-
íîñèëè êðàïë³ ð³äèíè. Ê³ëüê³ñòü ïàðàëåëüíèõ çàì³ð³â
äëÿ îäíîãî âèäó ïëàñòèíîê íå ìåíøå 12. Êþâåòó ç ïëàñ-
òèíêîþ òåðìîñòàòóâàëè çà íåîáõ³äíèõ òåìïåðàòóð ïðî-
òÿãîì 10 õâ, ï³ñëÿ ÷îãî âèì³ðþâàëè ðîçì³ðè êðàïåëü.

Âèçíà÷åííÿ ñòóïåíÿ ìîäèô³êàö³¿ ïîâåðõí³. Äëÿ
ðîçðàõóíêó òà âèçíà÷åííÿ ñòóïåíÿ ìîäèô³êàö³¿ ïî-
âåðõí³, ùî âêëþ÷àº ä³ëÿíêè ç ð³çíîþ çìî÷óâàí³ñòþ,
çàñòîñîâóâàëè  ð³âíÿííÿ Êàñüº [13].

Âèçíà÷åííÿ ñóìàðíî¿ â³ëüíî¿ ïîâåðõíåâî¿ åíåðã³¿
(λS) òà ¿¿ ñêëàäîâèõ (Ë³âøèöà-Âàí-äåð-Âààëüñà – λS

LW,
êèñëîòíî¿ – λS

-, îñíîâíî¿ – λS
+ ³ ïîëÿðíî¿ – λS

AB) ïðî-
âîäèëè çà Ë³âøèö-Âàí-äåð-Âààëüñ êèñëîòíî-îñíîâ-
íèì ìåòîäîì [14, 15]. Äëÿ öüîãî âèì³ðþâàëè êîíòàêòí³
êóòè çìî÷óâàííÿ ïîâåðõí³  òðüîìà ð³äèíàìè (âîäîþ,
äèéîäîìåòàíîì òà 1,2-åòàíä³îëîì). Çíà÷åííÿ ïîâåðõ-
íåâî¿ åíåðã³¿ ð³äèí (λ l) òà ¿¿ ñêëàäîâèõ: Ë³âøèöà-Âàí-
äåð-Âààëüñà (λ l

LW), Ëüþ¿ñà êèñëîòíî¿ ñêëàäîâî¿ (λ l
+)  ³

Ëüþ¿ñà îñíîâíî¿ ñêëàäîâî¿ íàâåäåí³ ó òàáë. 1.
Îö³íêó ñêëàäîâèõ ïîâåðõíåâî¿ åíåðã³¿ çà ìåòîäîì

òðüîõ ð³äèí ïðîâîäèëè øëÿõîì ðîçâ’ÿçóâàííÿ ñèñòå-
ìè òðüîõ ð³âíÿíü:
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äå: λ – çíà÷åííÿ ïîâåðõíåâî¿ åíåðã³¿, â ÿê³é íèæí³é
³íäåêñ s ñòîñóºòüñÿ ïîâåðõí³ òâåðäîãî ò³ëà, à ³íäåêñè
1l, 2l, 3l – âîäè, äèéîäîìåòàíó òà 1,2-åòàíä³îëó â³äïî-
â³äíî; θ1, θ2, θ3 – êîíòàêòí³ êóòè çìî÷óâàííÿ òâåðäî¿
ïîâåðõí³ âîäîþ, äèéîäîìåòàíîì òà åòèëåíãë³êîëåì.

Çíà÷åííÿ ïîëÿðíî¿ ñêëàäîâî¿ â³ëüíî¿ ïîâåðõíåâî¿
åíåðã³¿ ðîçðàõîâóâàëè çà ð³âíÿííÿì:

 +−= ss
AB

s λλλ 2 .
Ðîçâ’ÿçîê ð³âíÿííÿ (3) äàº çìîãó âèçíà÷èòè ñóìàð-

íó â³ëüíó ïîâåðõíåâó åíåðã³þ:
 AB

s
LW

ss λλλ += .
Äîñë³äæåííÿ ðÍ-÷óòëèâèõ âëàñòèâîñòåé ìîäèô³-

êîâàíèõ ïîâåðõîíü. Çðàçêè çàíóðþâàëè ó áóôåðí³ ðîç-
÷èíè ç â³äïîâ³äíèì çíà÷åííÿì ðÍ íà 60 õâ. Âèòÿãàëè
òà âèñóøóâàëè, à ïîò³ì çàì³ðÿëè êîíòàêòí³ êóòè çìî-
÷óâàííÿ âîäîþ. Íå ìåíøå 12 çàì³ð³â äëÿ êîæíî¿ òî÷-
êè.

Äîñë³äæåííÿ ïîâåðõí³ ìåòîäîì åë³ïñîìåòð³¿. Òîâ-
ùèíó òà îïòè÷í³ ïàðàìåòðè àäñîðáîâàíèõ ïîë³ìåð-
íèõ íàíîøàð³â äîñë³äæóâàëè ìåòîäîì åë³ïñîìåòð³¿
“ex situ”. Åë³ïñîìåòðè÷í³ âèì³ðþâàííÿ ïðîâîäèëè äëÿ
êîæíîãî çðàçêà ïîâåðõí³ äî ³ ï³ñëÿ ïðèùåïëåííÿ ïîë³-
ìåðíèõ øàð³â ³ç çàñòîñóâàííÿì íóëü-åë³ïñîìåòð³¿
LEF-3M (²íñòèòóò íàï³âïðîâ³äíèêîâî¿ ô³çèêè, Íîâî-
ðîñ³éñüê, Ðîñ³ÿ), òî÷í³ñòü îïòè÷íîãî åëåìåíòà ñòàíî-
âèëà 0,01°.
Îáãîâîðåííÿ ðåçóëüòàò³â äîñë³äæåííÿ.

Ôîðìóâàííÿ ïðèùåïëåíèõ íàíîøàð³â ïîë³-N-ìåòà-
êðèëî¿ë-L-àì³íîêèñëîò).

Äëÿ ïðèùåïëåííÿ äî ïîâåðõí³ ïåðîêñèäîâàíîãî
ñêëà íàíîøàð³â ïîë³-N-ìåòàêðèëî¿ë-L-àì³íîêèñëîò
ñêëÿí³ ïëàñòèíêè îáðîáëÿëè 3-àì³íîïðîï³ëòðèåòîê-
ñèñèëàíîì. Ó ðåçóëüòàò³ îáðîáêè íà íèõ áóëè ³ììîá³-
ë³çîâàí³ ïåðâèíí³ àì³íîãðóïè. Çà ó÷àñòþ öèõ àì³íî-
ãðóï äî ïîâåðõí³ ñêëà ïðèùåïëþâàëè ïåðîêñèäîâì³ñ-
íèé åñòåð õëîðàíã³äðèäó ï³ðîìåë³òîâî¿ êèñëîòè [12].

Ìåòîäîì ³í³ö³þâàííÿ “â³ä ïîâåðõí³” äî îòðèìà-
íîãî ïåðîêñèäîâàíîãî ïîêðèòòÿ ïðèùåïëþâàëè ù³òêè
ïîë³-N-ìåòàêðèëî¿ë-L-àì³íîêèñëîò (ñõåìà 2): ïîë³-N-
ìåòàêðèëî¿ë-L-ìåò³îí³íó, ïîë³-N-ìåòàêðèëî¿ë ãë³öèíó
àáî ïîë³-N-ìåòàêðèëî¿ë-L-ïðîë³íó. Ïðèùåïëåííÿ

Ð³äèíà λ 
LW, ìÍ/ì λl

+, ìÍ/ì λl
-, ìÍ/ì λl, ìÍ/ì 

Âîäà 21,8 25,5 25,5 72,8 
Äèéîäîìå-

òàí 50,8 0 0 50,8 

Ãë³öåðèí 34,0 3,92 57,4 64,0 

Òàáëèöÿ 1. Çíà÷åííÿ ïîâåðõíåâî¿ åíåðã³¿ òà ¿¿
ñêëàäîâèõ äëÿ äîñë³äæóâàíèõ ð³äèí
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Ñõåìà 2. Ìîäèô³êàö³¿ ïîâåðõí³ ïåðîêñèäîâàíîãî
ñêëà ïðèùåïëåíèìè íàíîøàðàìè  ïîë³-N-
ìåòàêðèëî¿ë-L-àì³íîêèñëîò

(2)

(3)

Ïåðîêñèäîâàíà ïîâåðõíÿ Ïðèùåïëåíèé íàíîøàð
ïîë³-N-ìåòàêðèëî¿ë-L-àì³íîêèñëîòè
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â³äáóâàºòüñÿ çà ðàõóíîê ðàäèêàëîóòâîðåííÿ ïðè
ãîìîë³ç³ ïåðîêñèäíèõ ãðóï îë³ãîåñòåðó. Çì³íþþ÷è ÷àñ
ïðèùåïëåííÿ, äîñÿãàëè êîíòðîëüîâàíîãî ñòóïåíÿ
ìîäèô³êàö³¿ ïîâåðõí³.

Çàêîíîì³ðíîñò³ ôîðìóâàííÿ ïðèùåïëåíèõ íàíî-
øàð³â ïîë³-N-ìåòàêðèëî¿ë-L-àì³íîêèñëîò äîñë³äæó-
âàëè ìåòîäàìè åë³ïñîìåòð³¿ òà âèçíà÷åííÿì êîíòàêò-
íèõ êóò³â çìî÷óâàííÿ ïîâåðõí³ âîäîþ. Íà ðèñ. 1à, á
íàâåäåí³ ðåçóëüòàòè äîñë³äæåíü ìîäèô³êîâàíèõ ïî-
âåðõîíü ìåòîäîì åë³ïñîìåòð³¿. Ïîêàçàíî (ðèñ. 1à), ùî
ìàêñèìàëüíà òîâùèíà ïðèùåïëåíèõ íàíîøàð³â ïîë³-
N-ìåòàêðèëî¿ë-L-ïðîë³íó òà ïîë³-N-ìåòàêðèëî¿ë
ãë³öèíó ñòàíîâèëà áëèçüêî 30 íì, ó òîé æå ÷àñ ïîë³-
N-ìåòàêðèëî¿ë-L-ìåò³îí³íó – áëèçüêî 22 íì. Íà êðè-
âèõ ìîæíà âèä³ëèòè äâ³ ð³çí³ ä³ëÿíêè øâèäêîñòåé ôîð-
ìóâàííÿ ïðèùåïëåíîãî øàðó. Öå ä³ëÿíêè øâèäêîãî òà

ïîâ³ëüíîãî ïðèùåïëåííÿ ìàêðîìîëåêóë  ïîë³-N-ìå-
òàêðèëî¿ë-L-ì³íîêèñëîò. Ïîâ³ëüíå ïðèùåïëåííÿ íà-
ñòàº ï³ñëÿ 15–17 ãîä. ìîäèô³êàö³¿ ïîâåðõí³, êîëè òîâ-
ùèíà íàíîøàðó ó ÷àñ³ ïðàêòè÷íî íå çá³ëüøóºòüñÿ.
Ñë³ä â³äì³òèòè, ùî çðîñòàííÿ òîâùèíè ïðèùåïëåíèõ
íàíîøàð³â ïîë³-N-ìåòàêðèëî¿ë-L-ïðîë³íó òà ïîë³-N-
ìåòàêðèëî¿ë ãë³öèíó â³äáóâàºòüñÿ íàáàãàòî ³íòåíñèâ-
í³øå, í³æ ïîë³-N-ìåòàêðèëî¿ë-L-ìåò³îí³íó.

Íà ðèñ. 2á íàâåäåíà çàëåæí³ñòü çíà÷åíü ³íäåêñ³â
ðåôðàêö³¿ ïðèùåïëåíèõ íàíîøàð³â â³ä ÷àñó ìîäèô³-
êàö³¿ ïîâåðõí³. Ó ïðîöåñ³ ìîäèô³êàö³¿ ïîâåðõí³ ñïîñ-
òåð³ãàþòüñÿ çíà÷í³ çì³íè âåëè÷èí ³íäåêñ³â ðåôðàêö³¿.
²íäåêñ ðåôðàêö³¿ ïåðîêñèäîâàíî¿ ïîâåðõí³ ñòàíîâèòü
1,59. ×åðåç 5 ãîä. ïðîöåñó ìîäèô³êàö³¿ íà âñ³õ êðèâèõ
ñïîñòåð³ãàºòüñÿ ñïàä âåëè÷èí ³íäåêñ³â ðåôðàêö³¿, ùî º
çâè÷àéíèì ÿâèùåì ïðè òîïîãðàô³÷í³é íåîäíîð³äíîñò³
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N-ìåòàêðèëî¿ë ãë³öèí
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Ðèñ. 2. Çàëåæí³ñòü êîíòàêòíîãî êóòà çìî÷óâàííÿ âîäîþ (à) òà ñòóïåíÿ ìîäèô³êàö³¿ ïîâåðõí³ (á) â³ä ÷àñó
ìîäèô³êàö³¿ ïîâåðõí³: 1, 1’ – ïîë³-N-ìåòàêðèëî¿ë-L-ìåò³îí³í; 2, 2’ – ïîë³-N-ìåòàêðèëî¿ë-L-ïðîë³í ³ 3, 3’ –
ïîë³-N-ìåòàêðèëî¿ë ãë³öèí
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ïîâåðõí³, êîëè ñïîñòåð³ãàºòüñÿ “îñòð³âêîâ³ñòü” ïðè-
ùåïëåíèõ íàíîøàð³â ïîë³-N-ìåòàêðèëî¿ë-L-àì³íîêèñ-
ëîò. Ï³ñëÿ 10 ãîä. ìîäèô³êàö³¿ çíà÷íî çðîñòàº ÿê îä-
íîð³äí³ñòü ïîâåðõí³, òàê ³ çíà÷åííÿ ³íäåêñ³â ðåôðàêö³¿
äëÿ ìîäèô³êîâàíèõ ïîâåðõîíü. Îòðèìàí³ âåëè÷èíè
³íäåêñ³â ðåôðàêö³¿ äëÿ â³äïîâ³äíèõ ïðèùåïëåíèõ íà-
íîøàð³â  ïîë³-N-ìåòàêðèëî¿ë-L-àì³íîêèñëîò íà 48 ãîä.
ìîäèô³êàö³¿ ñòàíîâèëè: ïîë³-N-ìåòàêðèëî¿ë-L-ìåò³î-
í³íó – 1,510; ïîë³-N-ìåòàêðèëî¿ë-L-ïðîë³íó – 1,497
òà ïîë³-N-ìåòàêðèëî¿ë ãë³öèí – 1,501.

Âàæëèâèé ìåòîä äîñë³äæåííÿ ïðîöåñó ìîäèô³êàö³¿
ïîâåðõí³ ïðèùåïëåíèìè íàíîøàðàìè – âèì³ðþâàí-
íÿ êîíòàêòíèõ êóò³â çìî÷óâàííÿ ïîâåðõí³ ð³äèíàìè.
Òàê, íà ðèñ. 2à çîáðàæåíî çàëåæíîñò³ êîíòàêòíîãî êóòà
çìî÷óâàííÿ ïîâåðõí³ âîäîþ (à) òà ñòóïåíÿ ìîäèô³-
êàö³¿ ïîâåðõí³ (á) â³ä ÷àñó ïðèùåïëåííÿ ïîë³-N-ìå-
òàêðèëî¿ë-àì³íîêèñëîò. Äëÿ âèçíà÷åííÿ ñòóïåíÿ ìî-
äèô³êàö³¿ ïîâåðõí³ çàñòîñîâóâàëè ð³âíÿííÿ Êàñüº.
Îòðèìàí³ ïîâåðõí³ â³äíîñíî ã³äðîô³ëüí³. Çíà÷åííÿ
êîíòàêòíèõ êóò³â çìî÷óâàííÿ âîäîþ “÷èñòèõ” ïîâåð-
õîíü ïîë³-N-ìåòàêðèëî¿ë-L-ìåò³îí³íó, ïîë³-N-ìåòà-
êðèëî¿ë-L-ïðîë³íó òà ïîë³-N-ìåòàêðèëî¿ë ãë³öèíó ñòà-
íîâèëè 41,2±3,2; 16,1±2 òà 0±0° â³äïîâ³äíî. Ç ðèñ. 2á
âèäíî, ùî ïðàêòè÷íî ïîâíà ìîäèô³êàö³ÿ ïîâåðõí³
ïîë³-N-ìåòàêðèëî¿ë-L-ìåò³îí³íîì äîñÿãàºòüñÿ ïðè-
áëèçíî çà 10 ãîä ïðèùåïëåííÿ. Ó òîé æå ÷àñ ìîäèô³-
êàö³ÿ ïîâåðõí³ ïðèùåïëåíèìè ù³òêàìè ïîë³-N-ìåòà-
êðèëî¿ë-L-ïðîë³íó òà ïîë³-N-ìåòàêðèëî¿ë ãë³öèíó äàº
çìîãó îòðèìàòè ïîêðèòòÿ ç ìàêñèìàëüíèì ñòóïåíåì
ìîäèô³êàö³¿ áëèçüêî 75 %.

Íà ðèñ. 3 íàâåäåíî çàëåæí³ñòü ñòóïåíÿ ìîäèô³êàö³¿
ïîâåðõí³ â³ä òîâùèíè ïðèùåïëåíèõ íàíîøàð³â. Ïðè
ìîäèô³êàö³¿ ïîâåðõí³ ïðèùåïëåíèì íàíîøàðîì ïîë³-
N-ìåòàêðèëî¿ë-L-ìåò³îí³íó ìàéæå 100 %-âà ìîäèô³-
êàö³ÿ ïîâåðõí³ äîñÿãàºòüñÿ çà òîâùèíè ïðèùåïëåíî-
ãî íàíîøàðó 18–22 íì. Ïðè ìàêñèìàëüíî ìîæëèâ³é
ìîäèô³êàö³¿ ïîâåðõí³, áëèçüêî 75 %, ïîë³-N-ìåòàêðè-
ëî¿ë-L-ïðîë³íîì àáî ïîë³-N-ìåòàêðèëî¿ë ãë³öèíîì
òîâùèíà ¿õí³õ íàíîøàð³â ñòàíîâèòü áëèçüêî 30 íì.

Ìîæíà ïðèïóñòèòè, ùî ð³çíèé ìàêñèìàëüíî ìîæ-
ëèâèé ñòóï³íü ìîäèô³êàö³¿ ïîâåðõí³ ïîë³-N-ìåòàêðè-

ëî¿ë-L-àì³íîêèñëîòàìè ìîæíà ïîÿñíèòè ð³çíîþ ðåàê-
ö³éíîþ çäàòí³ñòþ ¿õ ìîíîìåð³â, à òàêîæ óïàêóâàííÿì
ïðèùåïëåíîãî ëàíöþãà íà ïîâåðõí³. Òàê, çà ðàõóíîê
âåëèêî¿ ê³ëüêîñò³ ã³äðîôîáíèõ àëê³ëüíèõ êîìïîíåíò³â
ó ñêëàä³ N-ìåòàêðèëî¿ë-L-ìåò³îí³íó, óïàêóâàííÿ ïðè-
ùåïëåíèõ ìàêðîìîëåêóë ïîë³-N-ìåòàêðèëî¿ë-L-ìåò³-
îí³íó çíà÷íî ù³ëüí³øå, í³æ ìàêðîìîëåêóë ïîë³-N-
ìåòàêðèëî¿ë-L-ïðîë³íó àáî ïîë³-N-ìåòàêðèëî¿ë-L-
ãë³öèíó.
Õàðàêòåðèñòèêè ìîäèô³êîâàíèõ ïîâåðõîíü.

  Ó òàáë. 2 íàâåäåíî êîíòàêòí³ êóòè çìî÷óâàííÿ
ïîâåðõí³ òðüîìà ð³çíèìè ð³äèíàìè òà âèçíà÷åí³ âå-
ëè÷èíè ñóìàðíî¿ â³ëüíî¿ ïîâåðõíåâî¿ åíåðã³¿ λS

 òà ¿¿
ñêëàäîâèõ (Ë³âøèöà-Âàí-äåð-Âààëüñà – λS

LW, êèñëîò-
íî¿ – λS

-, îñíîâíî¿ – λS
+ òà ïîëÿðíî¿ λS

AB).
Îòðèìàí³ ïîâåðõí³ õàðàêòåðèçóþòüñÿ äîñèòü âè-

ñîêèìè çíà÷åííÿìè ñóìàðíî¿ â³ëüíî¿ ïîâåðõíåâî¿
åíåðã³¿. Ñë³ä â³äì³òèòè çíà÷íèé âíåñîê ó öþ âåëè÷è-
íó ñêëàäîâèõ Ë³âøèöà-Âàí-äåð-Âààëüñà òà êèñëîòíî¿.
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Ðèñ. 3. Çàëåæí³ñòü ñòóïåíÿ ìîäèô³êàö³¿ ïîâåðõí³

â³ä òîâùèíè ïðèùåïëåíèõ ïîë³ìåðíèõ íàíîøàð³â: 1,
1’ – ïîë³-N-ìåòàêðèëî¿ë-L-ìåò³îí³í; 2, 2’ – ïîë³-N-
ìåòàêðèëî¿ë-L-ïðîë³í ³ 3, 3’ – ïîë³-N-ìåòàêðèëî¿ë
ãë³öèí

Êîíòàêòíèé êóò çìî÷óâàííÿ, ãðàä. Çíà÷åííÿ â³ëüíî¿ ïîâåðõíåâî¿ åíåðã³¿, 
ìÍ/ì 

Ïîâåðõíÿ ç íàâåäåíèì 
ñòóïåíåì ìîäèô³êàö³¿ 

 H2Î ÑÍ2I2 Ñ3Í6(OH)3 λS
LW λS

- λS
+ λS

AB λS 
Ïåðîêñèäîâì³ñíèé åñòåð 

õëîðàíã³äðèäó 
ï³ðîìåë³òîë³òîâî¿ êèñëîòè 

67±3 44,4±2 50,4±4,8 37,3 8,3 2,10 8,4 45,7 

Ïîë³(N-ìåòàêðèëî¿ë ãë³öèí) 
– 70 % 36,4 50,8 65,6 33,8 69,1 0,50 11,3 45,1 

Ïîë³(N-ìåòàêðèëî¿ë ïðîë³í) 
- 70 % 30,6 52,1 59,6 33,1 69,5 0,06 4,1 37,2 

Ïîë³(N-ìåòàêðèëî¿ë 
ìåò³îí³í) – 100 % 41,1 43,0 52,5 38,1 43,8 0,10 4,2 42,3 

Òàáëèöÿ 2. Çíà÷åííÿ êîíòàêòíèõ êóò³â çìî÷óâàííÿ òà âåëè÷èí â³ëüíî¿ ïîâåðõíåâî¿ åíåðã³¿ äëÿ ñêëÿíèõ
ïîâåðõîíü, ìîäèô³êîâàíèõ ïðèùåïëåíèìè ïîë³ìåðíèìè ù³òêàìè

0 10 20 30

0

20

40

60

80

100

3

2

1



Ôîðìóâàííÿ òà âëàñòèâîñò³ ïðèùåïëåíèõ íàíîøàð³â äåÿêèõ ïîë³(N-ìåòàêðèëî¿ë-L-àì³íîêèñëîò)...

155

Ó òîé æå ÷àñ, âíåñîê îñíîâíî¿ ñêëàäîâî¿ ó ñóìàðíó
â³ëüíó ïîâåðõíåâó åíåðã³þ íåçíà÷íèé. Âèñîê³ çíà÷åí-
íÿ êèñëîòíî¿  ñêëàäîâî¿ â³ëüíî¿ ïîâåðõíåâî¿ åíåðã³¿
ïîÿñíþþòüñÿ íàÿâí³ñòþ â³ëüíèõ êàðáîêñèëüíèõ ãðóï
ó ñòðóêòóð³ ïðèùåïëåíèõ ìàêðîìîëåêóë. À çíà÷íèé
âíåñîê ó ñóìàðíó ïîâåðõíåâó åíåðã³þ  ñêëàäîâî¿
Ë³âøèöà-Âàí-äåð-Âààëüñà – ã³äðîôîáíèìè ôðàãìåí-
òàìè ó ñòðóêòóð³ ïðèùåïëåíèõ íàíîøàð³â.

Àíàë³ç íàóêîâî¿ ë³òåðàòóðè [2] äàº çìîãó ïðèïó-

ñòèòè íàÿâí³ñòü ðÍ-÷óòëèâèõ âëàñòèâîñòåé ïîâåð-
õîíü, ìîäèô³êîâàíèõ ïðèùåïëåíèìè ù³òêàìè ïîë³-N-
ìåòàêðèëî¿ë-L-àì³íîêèñëîò. Ö³ âëàñòèâîñò³ ìîæóòü
ðåàë³çîâóâàòèñü çà ðàõóíîê â³ëüíèõ êàðáîêñèëüíèõ
ãðóï ó ñòðóêòóð³ ïðèùåïëåíèõ ìàêðîìîëåêóë. Ïî-
âåðõí³, ìîäèô³êîâàí³ ïðèùåïëåíèìè íàíîøàðàìè
ïîë³-N-ìåòàêðèëî¿ë-L-àì³íîêèñëîò ç³ ñòóïåíåì ìîäè-
ô³êàö³¿ áëèçüêî 70 %, áóëè âíåñåí³ ó â³äïîâ³äí³ áó-
ôåðí³ ðîç÷èíè òà ïîò³ì âèñóøåí³. Ïîò³ì çä³éñíåíî
çàì³ðè êîíòàêòíèõ êóò³â çìî÷óâàííÿ âîäîþ. Ðåçóëü-
òàòè íàâåäåí³ íà ðèñ. 4.

Ñë³ä â³äì³òèòè, ùî ó âñ³õ äîñë³äæóâàíèõ âèïàä-
êàõ ñïîñòåð³ãàëè ñòàòèñòè÷íî îáãðóíòîâàí³ çì³íè â
êîíòàêòíèõ êóòàõ çìî÷óâàííÿ ïîâåðõí³ âîäîþ çàëåæ-
íî â³ä âïëèâó ðÍ áóôåðíîãî ðîç÷èíó.
Âèñíîâêè.

Âïåðøå çä³éñíåíî ìîäèô³êàö³þ ïîâåðõí³ ïåðîê-
ñèäîâàíîãî ñêëà ïðèùåïëåíèìè íàíîøàðàìè ïîë³-N-
ìåòàêðèëî¿ë-L-àì³íîêèñëîò): ïîë³-N-ìåòàêðèëî¿ë-L-
ìåò³îí³íó, ïîë³-N-ìåòàêðèëî¿ë-L-ïðîë³íó òà ïîë³-N-
ìåòàêðèëî¿ë ãë³öèíó. Ìåòîäàìè åë³ïñîìåòð³¿ òà âèì³-
ðþâàííÿì êîíòàêòíîãî êóòà çìî÷óâàííÿ äîñë³äæåíî
îñíîâí³ çàêîíîì³ðíîñò³ ôîðìóâàííÿ ïðèùåïëåíèõ
íàíîøàð³â ïîë³-N-ìåòàêðèëî¿ë-L-àì³íîêèñëîò. Ïîêà-
çàíî, ùî çàêîíîì³ðíîñò³ ôîðìóâàííÿ ïðèùåïëåíèõ
íàíîøàð³â çàëåæàòü â³ä ïðèðîäè ìîíîìåð³â. Âèçíà-
÷åíî ñóìàðíó ïîâåðõíåâó åíåðã³þ ìîäèô³êîâàíèõ
ïîâåðõîíü òà ¿¿ ñêëàäîâ³. Âñòàíîâëåíî ðÍ ÷óòëèâ³
âëàñòèâîñò³ ïîâåðõîíü, ìîäèô³êîâàíèõ íàíîøàðàìè
ïîë³-N-ìåòàêðèëî¿ë-L-àì³íîêèñëîò.
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Ðèñ. 4. Âïëèâ ðÍ ñåðåäîâèùà íà êîíòàêòíèé êóò
çìî÷óâàííÿ ïîâåðõí³ ìîäèô³êîâàíî¿ ïîë³-N-
ìåòàêðèëî¿ë-L-àì³íîêèñëîòè: 1, 1’ – ïîë³-N-
ìåòàêðèëî¿ë-L-ìåò³îí³í; 2, 2’ – ïîë³-N-ìåòàêðèëî¿ë-
L-ïðîë³í ³ 3, 3’ – ïîë³-N-ìåòàêðèëî¿ë ãë³öèí
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Ôîðìèðîâàíèå  è ñâîéñòâà ïðèâèòûõ  íàíîñëîåâ íåêîòîðûõ
ïîëè-N-ìåòàêðèëîèë-L-àìèíîêèñëîò íà ïîâåðõíîñòè ïåðîêñèäèðîâàííîãî
ñòåêëà

Ì.Î. Îãàð1, Þ.Á. Ñòåöèøèí1, À.Ì. Êîñòðóáà2,  Í.Ã. Ìàðèíöîâà1, Â.Ï. Íîâèêîâ1

1Íàöèîíàëüíûé óíèâåðñèòåò «Ëüâèâñüêà Ïîëèòåõíèêà»
12, óë. Ñ. Áàíäåðû, Ëüâîâ, 79013, Óêðàèíà
2Ëüâîâñêàÿ êîììåð÷åñêàÿ àêàäåìèÿ
9, óë. Ñàì÷óêà, Ëüâîâ, 79011, Óêðàèíà

Côîðìèðîâàíî ïðèâèòûå íàíîñëîè íåêîòîðûõ ïîëè-N-ìåòàêðèëîèë-L-àìèíîêèñëîò íà
ïîâåðõíîñòè ïåðîêñèäèðîâàíîãî ñòåêëà. Èçó÷åíû îñíîâíûå çàêîíîìåðíîñòè ôîðìèðîâàíèÿ
ïðèâèòûõ íàíîñëîåâ. Ïîêàçàíî çíà÷èòåëüíîå âëèÿíèå ïðèðîäû ìîíîìåðà íà ïðîöåññ
ìîäèôèêàöèè ïîâåðõíîñòè è ñòðóêòóðó ïðèâèòîãî íàíîñëîÿ. Îïðåäåëåíî ïîâåðõíîñòíóþ ýíåðãèþ
ìîäèôèöèðîâàííûõ ïîâåðõíîñòåé è óñòàíîâëåíî èõ ðÍ ÷óâñòâèòåëüíûå  ñâîéñòâà.

Êëþ÷åâûå ñëîâà: ïðèâèòûå ïîëèìåðíûå ùåòêè, ïîëè-N-ìåòàêðèëîèë àìèíîêèñëîòû, ýëëèïñîìåòðèÿ,
íàíîñëîé, áèîñîâìåñòèìûå ïîâåðõíîñòè.

Formation and properties grafted nanolayers some poly-N-methacryloyl amino
acids on to peroxided glass surface

Ì.Î. Îhar1, Y.B. Stetsyshyn1, A.M. Kostruba2, N.G. Marintsova1, V.P. Novikov1

1National University «Lvivska Politechnika»
12, S.Bandera str., Lviv, 79013, Ukraine
2Lvivska Commercial Academy
9, Samchuk str. Lviv, 79011, Ukraine

The grafted nanolayers some poly-N-methacryloyl amino acids on to peroxided glass surface were
formed. Main regularities of the formation grafted nanolayers were studied. We demonstrated significant
influence monomer nature onto surface modification process and structure of the grafted nanolayers.
Surface energy modified surface and their pH sensitive properties were determined.

Key words: grafted polymer brushes, poly(N-methacryloyl amino acids), ellipsometry, nanolayer, biocompatible
surface.




