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Îòðèìàí³ ïîë³ìåðí³ íåë³í³éíî-îïòè÷í³ (ÍËÎ) ìàòåð³àëè ó âèãëÿä³ òîíêèõ ïë³âîê, âèãîòîâëåíèõ
ìåòîäîì öåíòðèôóãóâàííÿ íà îñíîâ³ åïîêñèäíî¿ ïîë³ìåðíî¿ ìàòðèö³, äîïîâàíî¿ õðîìîôîðîì
3,5,7,3′ ,4′ -ïåíòàã³äðîêñèôëàâîí-8-ñóëüôîêèñëîòîþ (ñóëüôîêâåðöåòèíîì) çà ð³çíî¿ êîíöåíòðàö³¿
äîïàíòó. Öåé õðîìîôîð ñèíòåçîâàíèé øëÿõîì õ³ì³÷íîãî ìîäèô³êóâàííÿ íàòóðàëüíîãî õðîìîôîðó
3,5,7,3′ ,4′ -ïåíòàã³äðîêñèôëàâîíó (êâåðöåòèíó) øëÿõîì ââåäåííÿ ó éîãî õðîìîíîâèé ôðàãìåíò
àêöåïòîðíî¿ ñóëüôîíîâî¿ ãðóïè (SO3H) ó ïîëîæåííÿ C8. Ìîäèô³êóâàííÿ êâåðöåòèíó âèêîíàíî ç
ìåòîþ çá³ëüøåííÿ éîãî äèïîëüíîãî ìîìåíòó ³, îòæå, ïîêðàùåííÿ ÍËÎ âëàñòèâîñòåé õðîìîôîðó,
à òàêîæ ðîç÷èííîñò³ â ïîëÿðíèõ ðîç÷èííèêàõ. Çà äîïîìîãîþ îïòè÷íî¿ òà ²×-ñïåêòðîñêîï³¿
äîñë³äæåí³ ñïåêòðàëüí³ õàðàêòåðèñòèêè ïîë³ìåðíèõ ìàòåð³àë³â ³ ¿õí³ ÍËÎ âëàñòèâîñò³.
Ìîðôîëîã³þ òà ñòðóêòóðí³ âëàñòèâîñò³ äîïîâàíèõ ïîë³ìåðíèõ ïë³âîê äîñë³äæóâàëè ç
âèêîðèñòàííÿì ñêàíóâàëüíî¿ åëåêòðîííî¿ ì³êðîñêîï³¿ ³ çîëü-ãåëü àíàë³çó. Äðóãà êâàäðàòè÷íà
ìàêðîñêîï³÷íà ñïðèéíÿòëèâ³ñòü îòðèìàíèõ òîíêèõ ïîë³ìåðíèõ ïë³âîê ðîçðàõîâàíà â³äïîâ³äíî
äî ë³í³éíî¿ ìîäåë³ òâåðäîãî îð³ºíòîâàíîãî ãàçó. Ïîêàçàíî, ùî òåðì³÷í³, ìîðôîëîã³÷í³, ñòðóêòóðí³
òà ÍËÎ âëàñòèâîñò³ äîïîâàíèõ ïîë³ìåðíèõ ïë³âîê çàëåæàòü â³ä êîíöåíòðàö³¿ äîïàíòó.
Âèçíà÷åíî, ùî ââåäåííÿ ñóëüôîãðóïè â ìîëåêóëó õðîìîôîðó ïðèâîäèòü äî ïîêðàùåííÿ ÍËÎ
âëàñòèâîñòåé ïîë³ìåðíèõ ìàòåð³àë³â. Çàëåæí³ñòü çíà÷åíü ìàêðîñêîï³÷íèõ ÍËÎ âëàñòèâîñòåé
(χ(2)) äîïîâàíèõ ïîë³ìåðíèõ ïë³âîê â³ä êîíöåíòðàö³¿ õðîìîôîðó ìàº åêñòðåìàëüíèé õàðàêòåð.
Ìàêñèìàëüíå çíà÷åííÿ χ(2) ñòàíîâèòü 1150 ïì/Â çà êîíöåíòðàö³¿ äîïàíòó 50 % ìàñ.

Êëþ÷îâ³ ñëîâà: ïîë³ìåðí³ êîìïîçèòè, äîïîâàí³ åïîêñèäí³ ïîë³ìåðè, õðîìîôîðè, íåë³í³éíî-îïòè÷í³ âëàñòèâîñò³,
ñóëüôîêâåðöåòèí.

Âñòóï.
Íà ñüîãîäí³ òðèâàº ïîøóê åôåêòèâíèõ îðãàí³÷íèõ

õðîìîôîð³â ç âèñîêèìè çíà÷åííÿìè äèïîëüíîãî ìî-
ìåíòó (µ), à îòæå êâàäðàòè÷íî¿ ïîëÿðèçîâàíîñò³ íà ìî-
ëåêóëÿðíîìó ð³âí³ (β) [1]. Ïðè ââåäåíí³ â ïîë³ìåðíó
ìàòðèöþ òàê³ îðãàí³÷í³ õðîìîôîðè ñòàþòü äæåðåëîì
¿¿ ìàêðîñêîï³÷íî¿ íåë³í³éíî-îïòè÷íî¿ (ÍËÎ) àêòèâíîñò³,
ùî ñïðèÿº ñòâîðåííþ íîâèõ ïîë³ìåðíèõ ÍËÎ ìàòåð³-
àë³â çà òèïîì «ã³ñòü–õàçÿ¿í»[2, 3].

Îäíàê, ì³æ ìîëåêóëàìè äîïàíòó, ùî ìàþòü ïåðìà-
íåíòíèé âèñîêèé äèïîëüíèé ìîìåíò, âèíèêàº ì³æìî-
ëåêóëÿðíà äèïîëü-äèïîëüíà âçàºìîä³ÿ, ùî ïåðåøêîä-
æàº îïòèìàëüí³é óïàêîâö³ õðîìîôîð³â òà ïîã³ðøåííþ
ÍËÎ âëàñòèâîñòåé ïîë³ìåðíîãî ìàòåð³àëó [4]. Òîìó
îäíèì ³ç âàæëèâèõ çàâäàíü ïðè ñòâîðåíí³ äîïîâàíèõ
ïîë³ìåðíèõ êîìïîçèö³éíèõ ìàòåð³àë³â º îïòèì³çàö³ÿ

çíà÷åíü ïàðàìåòðà β ³, ÿê íàñë³äîê, ïîêðàùåííÿ ÍËÎ
âëàñòèâîñòåé ïîë³ìåðíèõ ìàòåð³àë³â íà ¿õ îñíîâ³ çà ðà-
õóíîê ðåãóëþâàííÿ ¿õí³õ õ³ì³÷íèõ âëàñòèâîñòåé. Â³äîìî
äåê³ëüêà ï³äõîä³â, ñïðÿìîâàíèõ íà îïòèì³çàö³þ ïàðà-
ìåòðà β õðîìîôîð³â. Ïî-ïåðøå, öå ìîäèô³êóâàííÿ áó-
äîâè åëåêòðîíîàêöåïòîðíèõ ³ åëåêòðîíîäîíîðíèõ [5–
7] ãðóï õðîìîôîð³â, ïî-äðóãå, ââåäåííÿ ó ñêëàä ìîëå-
êóë õðîìîôîð³â ³çîëþþ÷èõ ãðóï (Suitable Isolation
Groups) ç ìåòîþ çìåíøåííÿ ì³æìîëåêóëÿðíî¿ äèïîëü-
äèïîëüíî¿ âçàºìîä³¿ õðîìîôîðíèõ ôðàãìåíò³â ó ïîë³-
ìåðí³é ìàòðèö³ ïðè çáåðåæåíí³ ¿õ àñèìåòðè÷íî¿ îð³ºí-
òàö³¿ [8–10].

Ó ö³é ðîáîò³ äîñë³äæåí³ ïîë³ìåðí³ ïë³âêè, äîïîâàí³
ñóëüôîêâåðöåòèíîì, ÿêèé áóâ ñèíòåçîâàíèé øëÿ-
õîì ââåäåííÿ â õðîìîíîâèé ôðàãìåíò êâåðöåòèíó
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àêöåïòîðíî¿ ñóëüôîíîâî¿ ãðóïè (SO3H) ó ïîëîæåííÿ
Ñ8. Ìîæíà ïðèïóñòèòè, ùî ââåäåííÿ ö³º¿ ãðóïè ó õðî-
ìîíîâèé á³öèêë êâåðöèòèíó ïðèâåäå äî ð³çêîãî
çá³ëüøåííÿ àñèìåòð³¿ ìîëåêóë õðîìîôîðó, à, îòæå, äî
çá³ëüøåííÿ çíà÷åíü ìîëåêóëÿðíî¿ êâàäðàòè÷íî¿ ïîëÿ-
ðèçîâàíîñò³ õðîìîôîðó òà ïîêðàùåííÿ ìàêðîñêîï³÷-
íèõ ÍËÎ âëàñòèâîñòåé äîïîâàíèõ ïîë³ìåðíèõ ìàòåð³-
àë³â íà éîãî îñíîâ³.

Êð³ì òîãî, ñë³ä çàçíà÷èòè, ùî ìîëåêóëà ñóëüôî-
êâåðöåòèíó (ðèñ. 1) ìàº ÷îòèðè àêòèâí³ ã³äðîêñèëüí³
ãðóïè, çäàòí³ óòâîðþâàòè äîäàòêîâó ñ³òêó ÎÍ-çâ’ÿçê³â,
ÿêà ïåðåøêîäæàòèìå ðåîð³ºíòàö³¿ õðîìîôîðíèõ ôðàã-
ìåíò³â ³ç ÷àñîì [11, 12].

Îòæå ìåòîþ ö³º¿ ðîáîòè º äîñë³äæåííÿ îïòè÷íèõ,
òåðì³÷íèõ, ìîðôîëîã³÷íèõ, ñòðóêòóðíèõ ³ ÍËÎ âëàñòè-
âîñòåé ïîë³ìåðíèõ ïë³âîê íà îñíîâ³ åïîêñèäíî¿ ìàò-
ðèö³, äîïîâàíî¿ ñóëüôîêâåðöåòèíîì, ³ âñòàíîâëåííÿ
îïòèìàëüíî¿ êîíöåíòðàö³¿ äîïàíòó, çà ÿêî¿ íå â³äáóâàºòü-
ñÿ ïîã³ðøåííÿ ÍËÎ âëàñòèâîñòåé, òà äîñë³äæåííÿ ñòà-
á³ëüíîñò³ ÍËÎ âëàñòèâîñòåé ó ÷àñ³.
Åêñïåðèìåíòàëüíà ÷àñòèíà.
Ìàòåð³àëè äîñë³äæåííÿ.

Äèãë³öèäèëîâèé åòåð á³ñôåíîëó À (ÄÃÅÁÀ, Epoxy
520, ÌÌ=368), 3,5,7,3/,4/-ïåíòàã³äðîêñèôëàâîí (Êâåðöå-
òèí, Spolchemie, MÌ=302,23), ñóëüôàòíà êèñëîòà
(ρ = 1,84 ã/ñì3). ßê îòâåðäæóâà÷ âèêîðèñòîâóâàëè ä³å-
òèëåíòðèàì³í (ÄÅÒÀ, D.E.H. 20, Dow Epoxy, ÌÌ= 103,2).
Ñèíòåç 3,5,7,3′′′′′ ,4′′′′′ -ïåíòàã³äðîêñèôëàâîí-8-ñóëüôîíî-
âî¿ êèñëîòè (ñóëüôîêâåðöåòèíó).

Ó 100 cì3 êðóãëîäîíí³é êîëá³, çà òåìïåðàòóðè 20 °C
ïðîòÿãîì 5 ãîä., íà ìàãí³òí³é ì³øàëö³ çì³øóâàëè 2 ã
(6,62 ììîëü) çàçäàëåã³äü âèñóøåíîãî êâåðöåòèíó (3 ãîä.
çà Ò = 125 °C) ç 8 cì3 êîíöåíòðîâàíî¿ ñóëüôàòíî¿ êèñëî-
òè (ρ = 1,84 ã/ñì3). Ïîò³ì â ðåàêö³éíó ñóì³ø äîäàâàëè
20 cì3 õîëîäíî¿ âîäè. Îòðèìàíèé îðàíæåâî-÷åðâîíèé
îñàä â³äô³ëüòðîâóâàëè ï³ä âàêóóìîì ³ äâ³÷³ ïåðåêðèñ-
òàë³çîâóâàëè ç âîäè. Ïîò³ì îðàíæåâî-÷åðâîíèé îñàä
âèñóøóâàëè íà ïîâ³òð³ çà ê³ìíàòíî¿ òåìïåðàòóðè.
Âèõ³ä ãîòîâîãî ïðîäóêòó ñòàíîâèâ 40 %. λabs (ó àöåòîí³)
= 350 íì.

1Í ßÌÐ (ÄÌÑÎ – d6, J=500 ÌÃö): 6,38 (ä, 1Í, Ñ6–Í);
7,04 (ä, 1H, Ñ5–Í); 7,53 (ää, 1H, Ñ6–Í); 7,67 (ä, 1H, Ñ2–Í);

9,27 (ä, 1Í, Ñ3–ÎÍ); 9,31 (ä, 1Í, Ñ4–ÎÍ); 9,56 (ñ, 1Í, Ñ3–
ÎÍ); 10,76 (ä, 1Í, Ñ7–ÎÍ); 12,48 (ñ, 1Í, Ñ5–ÎÍ).

Åëåìåíòíèé àíàë³ç. Ðîçðàõîâàíî: Ñ–47,13; H–2,64;
O–41,85; S–8,39 % ìàñ. Çíàéäåíî: Ñ–43,48; H–3,41;
O–45,88; S–7,23 % ìàñ.
Îòðèìàííÿ íàòð³ºâî¿ ñîë³ ñóëüôîêâåðöåòèíó.

Íàòð³ºâà ñ³ëü ñóëüôîêâåðöåòèíó îòðèìàíà øëÿõîì
íåéòðàë³çàö³¿ ðåàêö³éíî¿ ñóì³ø³ 20 %-âèì ðîç÷èíîì
NaOH äî pH 4. Äàë³ íàòð³ºâó ñ³ëü ñóëüôîêâåðöåòèíó
äâ³÷³ ïåðåêðèñòàë³çóâàëè ç âîäè.
Ïðèãîòóâàííÿ ïîë³ìåðíèõ ïë³âîê.

Ïîë³ìåðí³ ïë³âêè îòðèìàí³ íà ñêëÿíèõ ï³äêëàäêàõ
ìåòîäîì öåíòðèôóãóâàííÿ çà êîíöåíòðàö³¿ õðîìîôî-
ðó (ùîäî ÄÃÅÁÀ): 5, 10, 20, 30, 40 ³ 50 % ìàñ. Äëÿ öüîãî
íåîáõ³äíà íàâàæêà ñóì³ø³ ñóëüôîêâåðöåòèíó òà åïîê-
ñèäíîãî îë³ãîìåðó áóëà ðîç÷èíåíà â àöåòîí³ çà êîí-
öåíòðàö³¿ 0,1 ã/ìë. Ïîò³ì äî îòðèìàíîãî ðîç÷èíó äîäà-
âàëè ÄÅÒÀ çà ñòåõ³îìåòðè÷íîãî ñï³ââ³äíîøåííÿ ÄÅÒÀ:
ÄÃÅÁÀ = 1:10 % ìàñ. Ï³ñëÿ öüîãî ïðèãîòîâëåíèé ðîç-
÷èí íàíîñèëè, çà äîïîìîãîþ ìåòîäó öåíòðèôóãóâàí-
íÿ, íà ïîïåðåäíüî î÷èùåí³ íàêðèâí³ ñêåëüöÿ òîâùè-
íîþ 0,17 ìì ç³ øâèäê³ñòþ îáåðòàííÿ ï³äêëàäêè 1000 îá/õâ.
ïðîòÿãîì 0,5 õâ. Äëÿ âèäàëåííÿ çàëèøêîâîãî ðîç÷èí-
íèêà âèãîòîâëåí³ ïîë³ìåðí³ ïë³âêè âèñóøóâàëè çà òåì-
ïåðàòóðè 50 °Ñ ï³ä âàêóóìîì ïðîòÿãîì 8 ãîä., à ïîò³ì
äîäàòêîâî òåðìîîáðîáëÿëè çà òåìïåðàòóðè 100 °Ñ ïðî-
òÿãîì 3 ãîä.
Ïîëÿðèçàö³ÿ ïîë³ìåðíèõ ïë³âîê.

Ïîëÿðèçàö³ÿ ïîë³ìåðíèõ ïë³âîê íà ñêëÿíèõ ï³äêëàä-
êàõ áóëà çä³éñíåíà ó ïîë³ êîðîííîãî ðîçðÿäó çà òåìïå-
ðàòóðè 130 °Ñ ïðîòÿãîì 40 õâ. Ï³ä ÷àñ ïîëÿðèçàö³¿ ñèëà
åëåêòðè÷íîãî ñòðóìó ñòàíîâèëà 2,5 ìêÀ çà åëåêòðè÷-
íî¿ íàïðóãè íà êîðîíóâàëüíîìó åëåêòðîä³ 7 êÂ. Ï³ñëÿ
ïîëÿðèçàö³¿ ïîë³ìåðí³ ïë³âêè îõîëîäæóâàëè äî ê³ìíàò-
íî¿ òåìïåðàòóðè òà âèìèêàëè åëåêòðè÷íèé ñòðóì.
Ìåòîäè äîñë³äæåííÿ.

Åëåêòðîíí³ ñïåêòðè ïîãëèíàííÿ ïîë³ìåðíèõ ïë³âîê
áóëè çíÿò³ íà UV-VIS spectrophotometer Hitachi-U3210 ó
îïòè÷íîìó ³íòåðâàë³ 700–250 íì. Ìàòåìàòè÷íó îáðîá-
êó åëåêòðîííèõ ñïåêòð³â âèêîíóâàëè ç âèêîðèñòàííÿì
ïðîãðàìíîãî ïàêåòà Spectra Data Lab [13]. Âèäàëåííÿ
çàëèøêîâîãî ðîç÷èííèêà ç ïîë³ìåðíèõ ïë³âîê êîíòðî-
ëþâàëè çà äîïîìîãîþ ALPHA FT-IR Spectrometer ç ïðè-
ñòàâêîþ ÍÏÂÂ ³ç ä³àìàíòîâèì êðèñòàëîì. ²×-ñïåêòðè
ïë³âîê ðåºñòðóâàëè â ä³àïàçîí³ 4000–400 ñì-1, 32 ñêàíó-
âàííÿ ç ðîçä³ëåííÿì 4 ñì-1. Ìîðôîëîã³þ ïîë³ìåðíèõ
ïë³âîê äîñë³äæóâàëè ç âèêîðèñòàííÿì ñêàíóâàëüíî¿
åëåêòðîííî¿ ì³êðîñêîï³¿ (JSM JEOL Model 840) ç íàïðó-
ãîþ 20 êÂ. Îñê³ëüêè ïîë³ìåðí³ ïë³âêè º ä³åëåêòðèêàìè,
íà ¿õíþ ïîâåðõíþ ïîïåðåäíüî íàíîñèëè åëåêòðîïðî-
â³äíèé øàð õðîìó òîâùèíîþ 10 íì.

Äèôåðåíö³éíó ñêàíóâàëüíó êàëîðèìåòð³þ âèêîíó-
âàëè çà äîïîìîãîþ ì³êðîêàëîðèìåòðà Mettler DSC 1 â
òåìïåðàòóðíîìó ä³àïàçîí³ â³ä 0 äî 180 °C ç³ øâèäê³ñòþ
íàãð³âó 10 °C/õâ. Âàãà çðàçêà ñòàíîâèëà 9–6 ìã. Òåìïå-
ðàòóðó ñêëóâàííÿ (Òñ) ïîë³ìåðíèõ êîìïîçèò³â âèçíà÷àëè
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çà ïîëîæåííÿì ìàêñèìóìó êðèâèõ ïåðøî¿ ïîõ³äíî¿ ÄÑÊ
çàëåæíîñòåé.

Äëÿ âèçíà÷åííÿ ãóñòèíè äîïîâàíèõ ïîë³ìåðíèõ
ïë³âîê çàñòîñîâóâàëè ï³êíîìåòðè÷íèé ìåòîä çã³äíî ç
DIN EN 725–7. Ñòóï³íü çøèâêè âèçíà÷àëè çà äîïîìî-
ãîþ ãåëü ôðàêö³¿, ÿêó âèçíà÷àëè åêñòðàêö³ºþ îòâåðäíå-
íèõ ïë³âîê ó õëîðîôîðì³ â àïàðàò³ Ñîêñëåòà çà òåìïå-
ðàòóðè 61,2 °C ïðîòÿãîì 24 ãîä. Ïðîöåñ çä³éñíþâàëè
çã³äíî ç ASTM D 2765. Ãóñòèíó çøèâêè (νñ) ³ ìîëåêó-
ëÿðíó ìàñó ì³æ âóçëàìè çøèâêè âèçíà÷àëè çà Òñ [14].
Òîâùèíó ïîë³ìåðíèõ ïë³âîê âèì³ðþâàëè çà äîïîìî-
ãîþ ³íòåðôåðîìåòðà Ë³ííèêà ³ âîíà äîð³âíþâàëà 1 ìêì.
Êîíô³ãóðàö³ÿ ³íòåðôåðîìåòðà Ë³ííèêà (âèä êîíô³ãó-
ðàö³¿ Ìàéêåëüñîíà) áóëà îïèñàíà â ðîáîò³ [15].
Ðåçóëüòàòè äîñë³äæåííÿ òà ¿õ îáãîâîðåííÿ.
Îïòè÷í³ âëàñòèâîñò³ äîïîâàíèõ ñóëüôîêâåðöåòè-
íîì ïîë³ìåðíèõ ïë³âîê.

²×-ñïåêòðè âñ³õ çðàçê³â ïîë³ìåðíèõ ïë³âîê, äîïîâà-
íèõ ñóëüôîêâåðöåòèíîì (ðèñ. 2), ìàþòü øèðîêó ñìóãó
ïîãëèíàííÿ â îáëàñò³ 3178–3500 ñì-1, ÿêà â³äïîâ³äàº çà
âàëåíòí³ êîëèâàííÿ ôåíîëüíèõ ÎÍ-ãðóï ñóëüôîêâåð-
öåòèíó ³ ÎÍ-ãðóï åïîêñèäíîãî ïîë³ìåðó. Â îáëàñò³ 2920
³ 2850 ñì-1 ñïîñòåð³ãàëè C–H ñèìåòðè÷í³ òà íåñèìåò-
ðè÷í³ âàëåíòí³ êîëèâàííÿ ìåòèíîâî¿ (CH) ³ ìåòèëåíî-
âî¿ (CH2) ãðóï â³äïîâ³äíî. Ñìóãè ïîãëèíàííÿ â îïòè÷-
íîìó ä³àïàçîí³ 1580–1621 ³ 1450–1509 ñì-1 õàðàêòåðèçó-
þòü âàëåíòí³ êîëèâàííÿ C=C–C-ãðóïè [16]. Íà ²×-ñïåê-
òðàõ íàÿâíà òàêîæ ñìóãà ïîãëèíàííÿ, ÿêà â³äïîâ³äàº çà
êîëèâàííÿ ãðóïè SO3H çà 1137–1177 ñì-1 [17]. Ñìóãó ïî-
ãëèíàííÿ ïîáëèçó 568 ñì-1 ìîæíà â³äíåñòè äî äåôîð-
ìàö³éíèõ êîëèâàíü àðîìàòè÷íîãî öèêëó.

Ñë³ä çàçíà÷èòè, ùî â ²×-ñïåêòðàõ óñ³õ ïîë³ìåðíèõ
ïë³âîê â³äñóòíÿ ñìóãà ïîãëèíàííÿ ïîáëèçó 910–920 ñì-1,
ÿêà õàðàêòåðèçóº äåôîðìàö³éí³ êîëèâàííÿ åïîêñèäíèõ
ãðóï, ùî íå ïðîðåàãóâàëè, à òàêîæ ñìóãà ïîãëèíàííÿ
ïîáëèçó 1710 ñì-1, ÿêà õàðàêòåðèçóº âàëåíòí³ êîëèâàí-
íÿ êàðáîí³ëüíî¿ ãðóïè çàëèøêîâîãî ðîç÷èííèêà
(àöåòîíó) [18]. Öå ïîÿñíþºòüñÿ òèì, ùî ó âñ³õ çðàçêàõ

äîïîâàíèõ ïîë³ìåðíèõ ïë³âîê ðåàêö³ÿ çøèâàííÿ ïîë³-
ìåðíî¿ ìàòðèö³ â³äáóëàñü ïîâí³ñòþ, à òàêîæ òèì, ùî âñ³
ïîë³ìåðí³ ïë³âêè íå ìàþòü ó ñâîºìó ñêëàä³ çàëèøêîâî-
ãî ðîç÷èííèêà.

Íà ðèñ. 3 íàâåäåí³ åëåêòðîíí³ ñïåêòðè ïîãëèíàííÿ
ïîë³ìåðíèõ ïë³âîê çàëåæíî â³ä êîíöåíòðàö³¿ äîïàíòó â
îïòè÷íîìó ³íòåðâàë³ â³ä 700 äî 250 íì. ßê âèäíî ç ðè-
ñóíêà, ïðè çá³ëüøåíí³ êîíöåíòðàö³¿ äîïàíòó â ïîë³ìåð-
íèõ ïë³âêàõ çðîñòàº ³íòåíñèâí³ñòü ïîãëèíàííÿ áåç çì³íè
ïîëîæåííÿ ìàêñèìóìó ïîãëèíàííÿ.

Ç ðèñ. 3 âèäíî, ùî äîïîâàí³ ïîë³ìåðí³ ïë³âêè äå-
ìîíñòðóþòü îïòè÷íó ïðîçîð³ñòü áëèçüêî 96 % â îá-
ëàñò³ â³ä 700 äî 550 íì. Îïòè÷í³ âòðàòè ó öüîìó îïòè÷-
íîìó ä³àïàçîí³ ñêëàëè â³ä 0,20 äî 0,05 äÁ/ñì çàëåæíî â³ä
êîíöåíòðàö³¿ äîïàíòó. Íèæ÷å ö³º¿ îáëàñò³ (550–250 íì)
ñïîñòåð³ãàëè çíèæåííÿ îïòè÷íî¿ ïðîçîðîñò³ âèãîòîâ-
ëåíèõ äîïîâàíèõ ïîë³ìåðíèõ ïë³âîê, çóìîâëåíå ïîãëè-
íàííÿì ìîëåêóë ñóëüôîêâåðöåòèíó.

Çà òàêî¿ ê³ëüêîñò³ ñóëüôîêâåðöåòèí ì³ñòèòüñÿ ó ïîë³-
ìåðí³é ìàòðèö³ ó âèãëÿä³ àãëîìåðàò³â. Ìåòîä, çà ÿêèì
ìîæíà âèçíà÷èòè óòâîðåííÿ ïåâíèõ àãëîìåðàò³â ç³
çá³ëüøåííÿì êîíöåíòðàö³¿ ñóëüôîêâåðöåòèíó, íà íàøó
äóìêó, º âèçíà÷åííÿ øèðèíè îïòè÷íî¿ çàáîðîíåíî¿
çîíè ïîë³ìåðíèõ ïë³âîê.

Äëÿ âèçíà÷åííÿ øèðèíè îïòè÷íî¿ çàáîðîíåíî¿ çîíè
äëÿ äîïîâàíèõ ñóëüôîêâåðöåòèíâì³ñíèõ ïîë³ìåðíèõ
ïë³âîê áóëà âèêîðèñòàíà òàêà çàãàëüíà êîðåëÿö³ÿ, ÿêà
ìàº ì³ñöå äëÿ ÿê ïðÿìî¿ øèðèíè îïòè÷íî¿ çàáîðîíåíî¿
çîíè, òàê ³ íåïðÿìî¿ çàáîðîíåíî¿ çîíè äëÿ àìîðôíèõ
ïîë³ìåð³â.

αhν = A(hν – Eg)
m,

äå: À – êîíñòàíòà, ùî çàëåæèòü â³ä åôåêòèâíî¿ ìàñè
íîñ³¿â çàðÿäó â ïîë³ìåðíîìó ìàòåð³àë³; hν – åíåðã³ÿ
îïòè÷íîãî êâàíòà; α – êîåô³ö³ºíò ïîãëèíàííÿ ïîë³ìåð-
íîãî ìàòåð³àëó; m – ïîêàçíèê ñòóïåíÿ, ùî âèçíà÷àºòü-
ñÿ ìåõàí³çìîì ïîãëèíàííÿ ôîòîí³â ó äîïîâàíèõ ïîë³-
ìåðíèõ ïë³âêàõ.

Ñë³ä çàçíà÷èòè, ùî öå ð³âíÿííÿ á³ëüø çðó÷íå äëÿ
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ê³ëüê³ñíîãî àíàë³çó åêñïåðèìåíòàëüíèõ äàíèõ çà îïòè÷-
íèì ïîãëèíàííÿì ³ âèçíà÷åííÿ øèðèíè îïòè÷íî¿ çàáî-
ðîíåíî¿ çîíè. Íåîáõ³äíî â³äçíà÷èòè, ùî íåïðÿì³ ïåðå-
õîäè â áàãàòüîõ àìîðôíèõ ìàòåð³àëàõ â³äïîâ³äàþòü âè-
ïàäêó, äå m = 2; îäíàê äëÿ ïðÿìîãî ïåðåõîäó äîðå÷íî
çàñòîñóâàòè åêñïåðèìåíòàëüí³ äàí³, ðîçðàõîâàí³ ç
m = 0,5 [19, 20].

Ó öüîìó äîñë³äæåíí³ íàéá³ëüø çàäîâ³ëüí³ ðåçóëüòà-
òè îòðèìàí³ øëÿõîì ïîáóäîâè ãðàô³êà çàëåæíîñò³
(αhν)0,5 â³ä åíåðã³¿ ôîòîí³â (hν). Òàê³ çàëåæíîñò³ íàâåäå-
íî íà ðèñ. 4.

ßê çàçíà÷åíî âèùå, øèðèíó îïòè÷íî¿ çàáîðîíåíî¿
çîíè êîìïîçèòíèõ ïë³âîê îö³íþâàëè ç ãðàô³êà, íàâåäå-
íîãî íà ðèñ. 4, äëÿ êîåô³ö³ºíòà ïîãëèíàííÿ (α). Â ³äå-
àëüíîìó âèïàäêó åêñïåðèìåíòàëüí³ äàí³ çàëåæíîñò³
(αhν)0,5 â³ä (hν) ïîâèíí³ áóòè ë³í³éíèìè. Îäíàê ó ðåàëü-
íîìó åêñïåðèìåíò³ ÷åðåç ðîçìèòòÿ ñìóã ïîãëèíàííÿ
ö³ çàëåæíîñò³ íå ìàþòü ë³í³éíîãî õàðàêòåðó. Òîìó çíà-
÷åííÿ øèðèíè îïòè÷íî¿ çàáîðîíåíî¿ çîíè (Eg) äëÿ äî-
ïîâàíèõ ñóëüôîêâåðöåòèíîì ïîë³ìåðíèõ ïë³âîê áóëè
âèçíà÷åí³ ÿê çíà÷åííÿ â³äð³çêà, ùî â³äñ³êàºòüñÿ íà îñ³
hν çà äîïîìîãîþ äîòè÷íî¿, ïðîâåäåíî¿ â³ä ë³í³éíî¿ ÷àñ-
òèíè åêñïåðèìåíòàëüíèõ êðèâèõ ñìóã ïîãëèíàííÿ.

Êð³ì òîãî, íåîáõ³äíî â³äì³òèòè, ùî êðèâ³ çàëåæíîñò³
(αhν)0,5 â³ä (hν) ìàþòü äâà ïåðåãèíè, ùî, âî÷åâèäü, õà-
ðàêòåðèçóþòü äâ³ çàáîðîíåí³ îïòè÷í³ çîíè. Ç³ çá³ëüøåí-
íÿì êîíöåíòðàö³¿ äîïàíòó äðóãèé ïåðåãèí ñòàº á³ëüø
âèðàçíèì. Öå ÿâèùå ìîæíà ïîÿñíèòè òèì, ùî çà íèçü-
êèõ êîíöåíòðàö³é ñóëüôîêâåðöåòèíó éîãî ÷àñòèíêè
ðîçòàøîâàí³ äèñêðåòíî é ãðàíèöÿ ì³æ ôàçàìè âèðàæå-
íà íå ÷³òêî. Ç³ çá³ëüøåííÿì êîíöåíòðàö³¿ äîïàíòó éîãî
÷àñòèíêè àãðåãóþòü, óòâîðþþ÷è áåçïåðåðâíèé êëàñ-
òåð, ³ ãðàíèöÿ ðîçïîä³ëåííÿ íà ôàçè ñòàº á³ëüø ÷³òêîþ.

ßê âèäíî ç ðèñ. 5, øèðèíà îïòè÷íî¿ çàáîðîíåíî¿
çîíè çá³ëüøóºòüñÿ ç³ çìåíøåííÿì êîíöåíòðàö³¿ ñóëü-
ôîêâåðöåòèíó, ùî, âî÷åâèäü, ïîâ’ÿçàíî ç êâàíòîâèì
ðîçì³ðíèì åôåêòîì [21, 22].

Òàêîæ íåîáõ³äíî çàóâàæèòè, ùî îòðèìàí³ åêñïåðè-
ìåíòàëüí³ äàí³ øèðèíè Eg âêðàé íåîáõ³äí³ äëÿ ïîë³ìåð-
íèõ ìàòåð³àë³â, ÿê³ ìîæíà øèðîêî çàñòîñîâóâàòè äëÿ
ñòâîðåííÿ ð³çíîìàí³òíèõ ïðèñòðî¿â ó ôîòîí³ö³ òà îïòî-
åëåêòðîí³ö³.
Òåðì³÷í³ âëàñòèâîñò³ äîïîâàíèõ ïîë³ìåðíèõ ïë³âîê.

Òåîð³ÿ ïåðêîëÿö³¿ äàº çìîãó îïèñàòè ïðîöåñè äîñ-
òàòíüî ð³çíî¿ ïðèðîäè, íàïðèêëàä òåïëîô³çè÷í³ âëàñòè-
âîñò³ íàïîâíåíèõ àìîðôíèõ ïîë³ìåð³â (òåìïåðàòóðà
ñêëóâàííÿ Òñ). Çã³äíî ç ö³ºþ òåîð³ºþ, ïðè ïîâ³ëüí³é
çì³í³ êîíöåíòðàö³¿ äîïàíòó òåïëîô³çè÷í³ âëàñòèâîñò³
àìîðôíî¿ íàïîâíåíî¿ ñèñòåìè ïîâèíí³ çì³íþâàòèñü
ñòðèáêîïîä³áíî ïîáëèçó êðèòè÷íî¿ òî÷êè, àáî ïîðîãó
ïåðêîëÿö³¿ [23, 24].

ßê ìîæíà áà÷èòè ç ðèñ. 6, ïðè çì³í³ êîíöåíòðàö³¿
ñóëüôîêâåðöåòèíó â³ä 5 äî 20 % ìàñ. â³äáóâàºòüñÿ íå-
çíà÷íà çì³íà Òñ íàïîâíåíî¿ åïîêñèäíî¿ ìàòðèö³ (34,6;
34,7 ³ 35,0 °Ñ â³äïîâ³äíî). Ïðè ïîäàëüøîìó çá³ëüøåí-
í³ êîíöåíòðàö³¿ äîïàíòó â³äáóâàºòüñÿ ð³çêå çðîñòàí-
íÿ Òñ äîïîâàíèõ ïîë³ìåðíèõ ïë³âîê. Òñ ïîë³ìåðíèõ
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êîìïîçèò³â çà êîíöåíòðàö³¿ äîïàíòó 30, 40 ³ 50 % ìàñ.
ñòàíîâèòü 45,2; 46,5 ³ 45,9 °Ñ â³äïîâ³äíî.

Íà íàøó äóìêó, öå ìîæíà ïîÿñíèòè òèì, ùî ó ä³à-
ïàçîí³ êîíöåíòðàö³¿ äîïàíòó 20 % ìàñ. ³ñíóº ãåîìåò-
ðè÷íèé ôàçîâèé ïåðåõ³ä àáî ïîð³ã ïåðêîëÿö³¿. Ïðè íà-
áëèæåíí³ äî êðèòè÷íî¿ êîíöåíòðàö³¿ ÷àñòèíêè äèñïåðñ-
íî¿ ôàçè (äîïàíòó) ðîçòàøîâàí³ ó ïîë³ìåðí³é ìàòðèö³
äèñêðåòíî. Ï³ñëÿ ïðîõîäæåííÿ öüîãî ïîðîãó â³äáó-
âàºòüñÿ óòâîðåííÿ êàðêàñó àáî ïåðêîëÿö³éíîãî áåçïå-
ðåðâíîãî êëàñòåðó ç ÷àñòèíîê äèñïåðñíî¿ ôàçè òà òåï-
ëîô³çè÷í³ âëàñòèâîñò³ ð³çêî çì³íþþòüñÿ.
Ìîðôîëîã³ÿ äîïîâàíèõ ïîë³ìåðíèõ êîìïîçèò³â.

Ì³êðîôîòîãðàô³¿, ùî íàâåäåí³ íà ðèñ. 7, â³äîáðà-
æàþòü ìîðôîëîã³þ ïîë³ìåðíèõ ïë³âîê íà îñíîâ³ êîì-
ïîçèò³â åïîêñèäíèé ïîë³ìåð–ñóëüôîêâåðöåòèí. ßê
ìîæíà áà÷èòè ç ðèñ. 7à–â, çà êîíöåíòðàö³¿ êâåðöåòèíó
äî 20 % ìàñ. íàäìîëåêóëÿðí³ óòâîðåííÿ äóæå íàãàäó-
þòü òàê çâàí³ ïàòòåðíè Òüþð³íãà. Ç³ çá³ëüøåííÿì êîí-
öåíòðàö³¿ äîïàíòó äî 30 % ìàñ. ³çîëüîâàí³ âêëþ÷åííÿ
ñóëüôîêâåðöåòèíó çëèâàþòüñÿ ³ ôîðìóºòüñÿ ñòðóêòó-
ðà, ùî ì³ñòèòü äâ³ ïðîòÿæí³ âçàºìîïðîíèêí³ ôàçè

íàïîâíåíîãî òà íåíàïîâíåíîãî ïîë³ìåð³â (ðèñ. 7ã). Ó
öüîìó âèïàäêó íåìîæëèâî ðîçð³çíèòè, ÿêà ïîë³ìåðíà
ôàçà º ìàòðèöåþ. Ïîäàëüøå çá³ëüøåííÿ êîíöåíòðàö³¿
äîïàíòó ðóéíóº áåçïåðåðâíó ñòðóêòóðó ÷èñòîãî ïîë³-
ìåðó é íàïîâíåíà ôàçà (çà êîíöåíòðàö³¿ äîïàíòó 40 %
ìàñ.) ñòàº ìàòðèöåþ ç ³çîëüîâàíèìè âêëþ÷åííÿìè åïîê-
ñèäíîãî ïîë³ìåðó (ðèñ. 7ä). Çà êîíöåíòðàö³¿ äîïàíòó
50 % ìàñ. ðîçì³ðè âêëþ÷åíü åïîêñèäíîãî ïîë³ìåðó
ñòàþòü ìåíøèìè é ¿õ ê³ëüê³ñòü çìåíøóºòüñÿ (ðèñ. 7å).

Îòæå, ïåðåõ³ä â³ä îäíîãî òèïó ôàçîâî¿ ñòðóêòóðè äî
³íøîãî ïðîõîäèòü ÷åðåç îáëàñòü áåçïåðåðâíèõ âçàºìî-
ïðîíèêíèõ ôàç á³ëÿ ïîðîãó ïåðêîëÿö³¿, ÿêà âèçíà÷àº îá-
ëàñòü ³íâåðñ³¿ ôàç.

Ñë³ä çàçíà÷èòè, ùî ìîðôîëîã³÷í³ äîñë³äæåííÿ
ï³äòâåðäèëè ðàí³øå çàïðîïîíîâàí³ âèñíîâêè, çðîáëåí³
íà îñíîâ³ îïòè÷íèõ ³ òåïëîô³çè÷íèõ äîñë³äæåíü.

Êð³ì òîãî, äëÿ äîñë³äæåííÿ âïëèâó äîïàíòó íà ñòðóê-
òóðó êîìïîçèòíèõ ïîë³ìåðíèõ ïë³âîê áóëè âèçíà÷åí³
¿õí³ ñòðóêòóðí³ ïàðàìåòðè. Äàí³ ñòðóêòóðíèõ ïàðàìåòð³â
çðàçê³â íàâåäåí³ ó òàáë. 1, ç ÿêî¿ âèäíî, ùî ï³ñëÿ åêñòðà-
ãóâàííÿ ó õëîðîôîðì³ ïðîòÿãîì 24 ãîä., ê³ëüê³ñòü

à á â

ã ä å
Ðèñ. 7. Ì³êðîôîòîãðàô³¿ ïîâåðõí³ çëàìó åïîêñèäíèõ êîìïîçèò³â, äîïîâàíèõ: 5 (à); 10 (á); 20 (â); 30 (ã); 40 (ä) ³

50 % ìàñ. ñóëüôîêâåðöåòèíó (å)

Êîíöåíòðàö³ÿ äîïàíòó, % ìàñ. a, %* ρ, êã·ì-3 νc, ìîëü·ì-3 Mc·10-3, êã·ìîëü-1 
5  98,90 1220 47,7 324 

10 98,51 1240 48,5 329 
20 98,41 1280 50,0 338 
30 98,73 1320 49,9 351 
40 98,70 1360 51,2 363 
50 98,37 1401 52,9 370 

Ïðèì³òêà: * – ê³ëüê³ñòü ãåëü ôðàêö³¿.

Òàáëèöÿ 1. Ñòðóêòóðí³ ïàðàìåòðè äîïîâàíèõ ïîë³ìåðíèõ êîìïîçèòíèõ ïë³âîê
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çîëü-ôðàêö³¿ çà ð³çíî¿ êîíöåíòðàö³¿ äîïàíòó â çðàçêàõ
çì³íþºòüñÿ, àëå ö³ çì³íè â³äáóâàþòüñÿ â ìåæàõ 1,5 %,
ùî ñâ³ä÷èòü ïðî ïîâíå çàâåðøåííÿ ðåàêö³¿ çøèâàííÿ
åïîêñèäíîãî îë³ãîìåðó.

Êð³ì òîãî, çà îòðèìàíèìè åêñïåðèìåíòàëüíèìè
äàíèìè ìîæíà áà÷èòè (òàáë. 1), ùî ç³ çá³ëüøåííÿì êîí-
öåíòðàö³¿ äîïàíòó â³äáóâàºòüñÿ çðîñòàííÿ çíà÷åííÿ
ìîëåêóëÿðíî¿ ìàñè ì³æ âóçëàìè ñ³òêè (Ìñ). Íà íàøó
äóìêó, öå ìîæíà ïîÿñíèòè òèì, ùî çá³ëüøåííÿ êîí-
öåíòðàö³¿ õðîìîôîðó ïðèçâîäèòü äî óòâîðåííÿ á³ëüø
ð³äêîçøèòî¿ ïîë³ìåðíî¿ ñ³òêè.
Âïëèâ êîíöåíòðàö³¿ õðîìîôîðó íà íåë³í³éíî-îï-
òè÷í³ âëàñòèâîñò³ äîïîâàíèõ ïîë³ìåðíèõ ïë³âîê.

Äëÿ âèçíà÷åííÿ âïëèâó êîíöåíòðàö³¿ õðîìîôîðó íà
íåë³í³éíî-îïòè÷í³ âëàñòèâîñò³ äîïîâàíèõ åïîêñèäíèõ
ñ³òîê äëÿ êîæíî¿ êîíöåíòðàö³¿ äîïàíòó áóëè ðîçðàõî-
âàí³ êâàäðàòè÷í³ ñïðèéíÿòëèâîñò³ (χ(2)). Ðîçðàõóíîê âè-
êîíàíèé çã³äíî ç ð³âíÿííÿì [25]:

χ(2)(-2w, w, w) = Nβ(-2w, w, w)F<cos3θ>,
äå: N – îá’ºìíà êîíöåíòðàö³ÿ õðîìîôîðó, ìîëåêóë/ñì3;
β – êâàäðàòè÷íà ïîëÿðèçîâàí³ñòü õðîìîôîðó; F – ñêî-
ðåêòîâàíèé ôàêòîð ëîêàëüíîãî ïîëÿ; <cos3θ> – óñå-
ðåäíåíèé ôàêòîð âèð³âíþâàííÿ ìîëåêóë õðîìîôîðó
óçäîâæ ïðèêëàäåíîãî åêëåêòè÷íîãî ïîëÿ:

<cos3θ> = (0,6Ô)1/2,
äå: Ô – ïàðàìåòð óïîðÿäêîâàíîñò³, ùî õàðàêòåðèçóº

ðåîð³ºíòàö³þ ìîëåêóë õðîìîôîðó ï³ñëÿ çàâåðøåííÿ
ïðîöåñó ïîëÿðèçàö³¿.

Ïàðàìåòð óïîðÿäêîâàíîñò³ áóâ ðîçðàõîâàíèé ³ç âè-
êîðèñòàííÿì çíà÷åíü àáñîðáö³¿ äî (À1) ³ ï³ñëÿ (À0) ïîëÿ-
ðèçàö³¿ â ïîë³ êîðîííîãî ðîçðÿäó çã³äíî ç ð³âíÿííÿì
[26]:

0

11
À
ÀÔ −= .

Îäíèì ç âàæëèâèõ ôàêòîð³â, ÿê³ çóìîâëþþòü ÍËÎ
âëàñòèâîñò³ ïîë³ìåðíèõ ìàòåð³àë³â, º îá’ºìíà êîíöåíò-
ðàö³ÿ õðîìîôîðó â îäèíèö³ îá’ºìó (N) ³ ïàðàìåòð óïî-
ðÿäêîâàíîñò³ (Ô), íàâåäåí³ â òàáë. 2.

Íà ðèñ. 8 ïîêàçàíà çàëåæí³ñòü çíà÷åíü χ(2) â³ä êîí-
öåíòðàö³¿ õðîìîôîðó.

Îòðèìàíà çàëåæí³ñòü ìàêðîñêîï³÷íèõ ÍËÎ âëàñòè-
âîñòåé äîïîâàíèõ ïîë³ìåðíèõ ïë³âîê â³ä êîíöåíòðàö³¿
õðîìîôîðó äåìîíñòðóº çðîñòàííÿ çíà÷åííÿ χ(2) ç³
çá³ëüøåííÿì êîíöåíòðàö³¿ äîïàíòó. Öå ñâ³ä÷èòü ïðî òå,
ùî çá³ëüøåííÿ ðîçì³ð³â àãðåãàò³â ³îííèõ õðîìîôîð³â
(ÿêèì º ñóëüôîêâåðöåòèí) ïðèâîäèòü äî ïîêðàùåííÿ
ìàêðîñêîï³÷íèõ ÍËÎ âëàñòèâîñòåé äîïîâàíèõ ïîë³ìåð-
íèõ ïë³âîê [27].

Ðåëàêñàö³éíà ïîâåä³íêà ÍËÎ âëàñòèâîñòåé ïë³âîê áóëà
äîñë³äæåíà øëÿõîì ìîí³òîðèíãó ñïàäó ñï³ââ³äíîøåííÿ

Êîíöåíòðàö³ÿ äîïàíòó,  
% ìàñ.  *N·1021 **F ***<cos3θ> χ(2), ïì/Â 

5 2,06 15,3 0,53 763 
10 2,18 15,4 0,39 607 
20 2,50 15,6 0,34 616 
30 2,97 15,8 0,27 580 
40 3,72 16,1 0,29 812 
50 5,15 16,4 0,29 1150 

Òàáëèöÿ 2. Ô³çè÷í³ òà íåë³í³éíî-îïòè÷í³ ïàðàìåòðè ïîë³ìåðíèõ ïë³âîê

Ïðèì³òêà: *Ê³ëüê³ñíà ãóñòèíà õðîìîôîðó, ìîëåêóë/ñì3; **Ôàêòîð ëîêàëüíîãî ïîëÿ; ***Ïàðàìåòð
óïîðÿäêîâàíîñò³.
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Ðèñ. 8. Çàëåæí³ñòü çíà÷åíü íåë³í³éíî¿ êâàäðàòè÷íî¿
ñïðèéíÿòëèâîñò³ â³ä êîíöåíòðàö³¿ äîïàíòó
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Ðèñ. 9. ×àñîâà ñòàá³ëüí³ñòü ïîë³ìåðíèõ ïë³âîê,
äîïîâàíèõ: 5 (1); 10 (2); 20 (3); 30 (4); 40 (5) ³ 50 % ìàñ.
ñóëüôîêâåðöåòèíó (6)
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ÍËÎ ìàòåð³àëè íà îñíîâ³ åïîêñèäíî¿ ìàòðèö³, äîïîâàíî¿ 3,5,7,3′ ,4′ -ïåíòàã³äðîêñèôëàâîí-8-ñóëüôîíîâîþ...

Ôt/Ô0 çàëåæíî â³ä ÷àñó çà òåìïåðàòóðè íàâêîëèøíüîãî
ñåðåäîâèùà ïðîòÿãîì 28 äí³â. Íà ðèñ. 9 ïîêàçàíî, ùî
ïîë³ìåðí³ êîìïîçèö³éí³ ìàòåð³àëè, ÿê³ äîïîâàí³ ñóëü-
ôîêâåðöåòèíîì, äåìîíñòðóþòü ïîñòóïîâå çìåíøåííÿ
çíà÷åííÿ Ôt/Ô0 ó ÷àñ³.

Òàêå ÿâèùå ìîæíà ïîÿñíèòè òèì, ùî ó äîïîâàíèõ
ïîë³ìåðíèõ ñèñòåìàõ ìîëåêóëè õðîìîôîðó íå çâ’ÿçàí³
êîâàëåíòíî ç ïîë³ìåðíîþ ìàòðèöåþ. Òàêå ïîëîæåííÿ
ïðèâîäèòü äî òîãî, ùî, çà ðàõóíîê òåðì³÷íî¿ ôëóêòó-
àö³¿, õðîìîôîðíà ìîëåêóëà ìîæå â³ëüíî îáåðòàòèñÿ íà
çíà÷íèé êóò, âíàñë³äîê ÷îãî â³äáóâàþòüñÿ ðåëàêñàö³éí³
ïðîöåñè ó ÷àñ³.
Âèñíîâêè.

Îòæå, íà îñíîâ³ ïðîâåäåíèõ äîñë³äæåíü åïîêñèä-
íèõ ñ³ò÷àñòèõ ïîë³ìåð³â, äîïîâàíèõ ñóëüôîêâåðöåòè-
íîì, âñòàíîâëåíî, ùî çà ðàõóíîê õ³ì³÷íîãî ìîäèô³êó-
âàííÿ êâåðöåòèíó øëÿõîì ââåäåííÿ ñóëüôîãðóïè â
ïîëîæåííÿ Ñ8 õðîìîôîðó, ìîëåêóëè äîïàíòó ³ñíóþòü
ó âèãëÿä³ ³îííî¿ ôîðìè. Òàêå õ³ì³÷íå ìîäèô³êóâàííÿ

êâåðöåòèíó ïðèâîäèòü äî ïîêðàùåííÿ ìîëåêóëÿðíèõ
íåë³í³éíî îïòè÷íèõ âëàñòèâîñòåé õðîìîôîðó, à îòæå é
ìàêðîñêîï³÷íèõ íåë³í³éíî-îïòè÷íèõ âëàñòèâîñòåé ïîë³-
ìåðíèõ ìàòåð³àë³â, ÿê³ äîïîâàí³ ñóëüôîêâåðöåòèíîì,
çà ðàõóíîê àãðåãàö³¿ ³îí³â äîïàíòó.

Çà óìîâ âïëèâó îð³ºíòóþ÷îãî åëåêòðè÷íîãî ïîëÿ
êîðîííîãî ðîçðÿäó, çá³ëüøåííÿ êîíöåíòðàö³¿ ñóëüôîê-
âåðöåòèíó â ïîë³ìåðí³é ìàòðèö³ ïðèâîäèòü äî
çá³ëüøåííÿ îð³ºíòàö³¿ ³îí³â äîïàíòó. Öå ñâ³ä÷èòü ïðî
òå, ùî çá³ëüøåííÿ ðîçì³ð³â àãëîìåðàò³â ³îííèõ õðîìî-
ôîð³â á³ëüø ñïðèÿº äèïîëüí³é îð³ºíòàö³¿ ï³ä âïëèâîì
ïîëÿðèçàö³¿, í³æ ìîëåêóë õðîìîôîð³â ó íåéòðàëüí³é
ôîðì³. Ï³ñëÿ âèìêíåííÿ åëåêòðè÷íîãî ñòðóìó, çà ðà-
õóíîê òåðì³÷íî¿ ôëóêòóàö³¿, â³äáóâàºòüñÿ øâèäêà äåîð³-
ºíòàö³ÿ õðîìîôîðíèõ ìîëåêóë, ÿê³ íå çâ’ÿçàí³ êîâàëåíò-
íî ç ïîë³ìåðíîþ ìàòðèöåþ, âíàñë³äîê ÷îãî ñïîñòåð³-
ãàºòüñÿ çíà÷íà ðåëàêñàö³ÿ íåë³í³éíî-îïòè÷íèõ âëàñòè-
âîñòåé öèõ ïîë³ìåðíèõ ìàòåð³àë³â ó ÷àñ³.
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ÍËÎ ìàòåðèàëû íà îñíîâå ýïîêñèäíîé ìàòðèöû, äîïèðîâàííîé
3,5,7,3′ ,4′ -ïåíòàãèäðîêñèôëàâîí-8-ñóëüôîíîâîé êèñëîòîé

À.À. Âîðîíêèí1, Ä.À, Ìèøóðîâ1,2, À.Ä. Ðîøàëü2, Ñ.È. Áîãàòûðåíêî3
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2Èíñòèòóò õèìèè ïðè Õàðüêîâñêîì íàöèîíàëüíîì óíèâåðñèòåòå èì. Â.Í. Êàðàçèíà
4, ïëîùàäü Ñâîáîäû, Õàðüêîâ, 61022, Óêðàèíà
3Øêîëà ôèçèêè ïðè Õàðüêîâñêîì íàöèîíàëüíîì óíèâåðñèòåòå èì. Â.Í. Êàðàçèíà
6, ïëîùàäü Ñâîáîäû, Õàðüêîâ, 61022, Óêðàèíà

Ïîëó÷åíû ïîëèìåðíûå íåëèíåéíî-îïòè÷åñêèå (ÍËÎ) ìàòåðèàëû â âèäå òîíêèõ ïëåíîê. Ýòè ïëåíêè
èçãîòîâëåíû ìåòîäîì öåíòðèôóãèðîâàíèÿ íà îñíîâå ýïîêñèäíîé ïîëèìåðíîé ìàòðèöû,
äîïèðîâàííîé õðîìîôîðîì 3,5,7,3 ′ ,4 ′  – ïåíòàãèäðîêñèôëàâîí-8-ñóëüôîêèñëîòîé
(ñóëüôîêâåðöåòèíîì) ñ ðàçíîé êîíöåíòðàöèåé äîïàíòà. Äàííûé õðîìîôîð ñèíòåçèðîâàí ïóòåì
õèìè÷åñêîãî ìîäèôèöèðîâàíèÿ íàòóðàëüíîãî õðîìîôîðà 3,5,7,3′ ,4′ –ïåíòàãèäðîêñèôëàâîíà
(êâåðöåòèíà) ïóòåì ââåäåíèÿ â åãî õðîìîíîâûé àêöåïòîðíûé ôðàãìåíò ñóëüôîíîâîé ãðóïïû
(SO3H) â ïîëîæåíèå C8. Ìîäèôèöèðîâàíèå êâåðöåòèíà áûëî âûïîëíåíî ñ öåëüþ óâåëè÷åíèÿ åãî
äèïîëüíîãî ìîìåíòà è ñëåäîâàòåëüíî ïîâûøåíèÿ ÍËÎ ñâîéñòâ õðîìîôîðà, à òàêæå óëó÷øåíèÿ
ðàñòâîðèìîñòè â ïîëÿðíûõ ðàñòâîðèòåëÿõ. Ñ ïîìîùüþ îïòè÷åñêîé è ÈÊ-ñïåêòðîñêîïèè áûëè
èññëåäîâàíû ñïåêòðàëüíûå õàðàêòåðèñòèêè ïîëèìåðíûõ ìàòåðèàëîâ è èõ ÍËÎ ñâîéñòâà.
Ìîðôîëîãèþ è ñòðóêòóðíûå ñâîéñòâà äîïèðîâàííûõ ïîëèìåðíûõ ïëåíîê èññëåäîâàëè ñ
èñïîëüçîâàíèåì ñêàíèðóþùåé ýëåêòðîííîé ìèêðîñêîïèè è çîëü-ãåëü àíàëèçà. Âòîðóþ
êâàäðàòè÷íóþ ìàêðîñêîïè÷åñêóþ âîñïðèèì÷èâîñòü ïîëó÷åííûõ òîíêèõ ïîëèìåðíûõ ïëåíîê
ðàññ÷èòûâàëè â ñîîòâåòñòâèè ñ ëèíåéíîé ìîäåëüþ òâåðäîãî îðèåíòèðîâàííîãî ãàçà. Ïîêàçàíî,
÷òî òåðìè÷åñêèå, ìîðôîëîãè÷åñêèå, ñòðóêòóðíûå è ÍËÎ ñâîéñòâà äîïèðîâàííûõ ïîëèìåðíûõ
ïëåíîê çàâèñÿò îò êîíöåíòðàöèè äîïàíòà. Îïðåäåëåíî, ÷òî ââåäåíèå ñóëüôîãðóïïû â ìîëåêóëó
õðîìîôîðà ïðèâîäèò ê óëó÷øåíèþ ÍËÎ ñâîéñòâ ïîëèìåðíûõ ìàòåðèàëîâ. Çàâèñèìîñòü çíà÷åíèé
ìàêðîñêîïè÷åñêèõ ÍËÎ ñâîéñòâ (χ(2)) äîïèðîâàííûõ ïîëèìåðíûõ ïëåíîê îò êîíöåíòðàöèè
õðîìîôîðà èìååò ýêñòðåìàëüíûé õàðàêòåð. Ìàêñèìàëüíîå çíà÷åíèå χ(2) ñîñòàâëÿåò 1150 ïì/Â
ïðè êîíöåíòðàöèè äîïàíòà 50 % ìàññ.

Êëþ÷åâûå ñëîâà: ïîëèìåðíûå êîìïîçèòû, äîïèðîâàííûå ýïîêñèäíûå ïîëèìåðû, õðîìîôîðû, íåëèíåéíî-
îïòè÷åñêèå ñâîéñòâà, ñóëüôîêâåðöåòèí.
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NLO materials based on the epoxy matrix of doped 3,5,7,3 ′ ,4 ′ -
pentahydroxiflavone-8-sulfonic acid
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Polymeric nonlinear-optical (NLO) materials in the form of thin films were received in this paper.
These films were produced by centrifugation on the basis of an epoxy polymer matrix doped with the
chromophore 3,5,7,3′ ,4′ -pentahydroxiflavone-8-sulfonic acid with different dopant concentrations.
This chromophore was synthesized by chemical modifying the natural chromophore 3,5,7,3′ ,4′ -
pentahydroxyflavone (quercetin) by introducing into its chromones fragment of the acceptor sulfonic
group (SO3H) to position C8. The modification of quercetin was carries out in order to increase its
dipole moment and, consequently, increase NLO properties, as well as increase solubility in polar
solvents. The spectral characteristics of polymeric materials and their NLO properties were studied
using optical and IR spectroscopy. The morphology and structural properties of doped polymer films
were investigated using scanning electron microscopy and sol-gel analysis. The second quadratic
macroscopic susceptibility of the obtained thin polymer films was calculated according to the linear
model of solid oriented gas. It is shown that the thermal, morphological, structural and NLO properties
of the doped polymer films depend on the concentration of the dopant. It was determined that the
introduction of a sulfonic group into a chromophore molecule leads to increase in the NLO properties
of polymeric materials. The dependence of the macroscopic values nonlinear-optical properties of
doped polymer films on the chromophore concentration has an extreme nature. The maximum value is
1150 pm/V at a concentration of dopant 50 wt. %.

Keyword: polymer composites, doped epoxy polymers, chromophores, nonlinear optical properties, sulfoquercetin.


